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Discussion and Decision
1  Introduction
In Rel-18 NTN-NTN mobility enhancement, RAN2 agreed to specify the hard satellite switching with unchanged PCI procedure and made the following agreements in previous RAN2 meetings. 

	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.


RAN1 also confirmed the feasibility of hard and soft satellite switching with unchanged PCI in their LS [1][2].
This contribution provides our view on the open issues of this procedure.
2 Discussion

2.1 Provision of target satellite information 
The satellite switching with unchanged PCI procedure is not L3 involved mobility (i.e. HO). UE needs to know the time the UE attempts to resynchronize to the target satellite via the new service link.
According to this hypothetical framework, when UE knows the time when the target satellite starts providing the service, UE can directly synchronize with the target satellite. 
The assumption that UE synchronizes with target satellite is that UE already knows the synchronization information of the target satellite (i.e. NTN config).
Observation 1: In order for UE to synchronize with the target satellite immediately after satellite switching, UE needs to acquire sync information of target satellite in advance.
According to existing mechanism and signaling design, UE can only acquire the current serving satellite information of the serving cell from SIB19 or acquire the satellite information of the target cell via HO command. If the area where the UE is located is covered by SAT-1, UE can only obtain the SAT-1’s satellite information of the serving cell. After SAT switching is completed , SAT-2 becomes the serving satellite of the serving cell, network will provide SAT-2’s satellite information as the serving cell’s information. In other words, according to current scheme, UE can only acquire the target satellite’s information after satellite switching is completed. Since the satellite switching procedure is not L3 involved procedure, the target satellite information cannot be provided via UE dedicated RRC signaling, and UE can only obtain it via the SIB19 acquisition procedure after satellite switching. 
Observation 2: According to existing RRC design, network can provide the sync information of target satellite in SIB19 only when the target satellite becomes the serving satellite and starts providing the service for the serving cell. 

Observation 3: According to existing RRC design, UE can acquire the sync information of target satellite from SIB19 only after satellite switching without serving cell change. 
Based on the observation 2 and 3, we can see that even though HO procedure is not needed, UE will still take time to acquire the updated SIB19 for the sync information of target satellite acquisition after satellite switching is completed, which means the actual interruption time due to the satellite switching is extended, and it will have a negative impact on mobile performance.
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Figure-1. Target SAT information acquisition during satellite switching procedure 

In order to avoid the unexpected interruption time due to the SIB19 reacquisition after satellite switching, network should provide the target satellite information in advance to UE via RRC signaling. 

Proposal 1: Network provides the sync information of target satellite in advance to UE before satellite switching via RRC signaling. 

About the detailed RRC signaling to provide the target satellite information, we think both broadcast and dedicated RRC signaling message can be considered.

·   For broadcast, SIB19 can provide the multiple satellited information for the NTN serving cell. UE can acquire the target satellite information in advance from the SIB19 in advance. 
·   For RRC dedicated signaling, considering the hard satellite switching procedure should be enabled by the UE dedicated RRC signaling in advance, then network can provide the target satellite information list to UE together. 

Proposal 2: Network can provide the multiple satellite information (including serving satellite and the target satellite) for the serving cell in SIB19 and RRC dedicated signaling. 
2.2 RACH-less satellite switching
RAN2 agreed to support satellite switching without RACH procedure. To support this RACH-less satellite switching procedure, some open issues need to be addressed.
1) UE capability
From UE capability perspective,  the support of NR RACH-less HO is optional UE capability. Similarly, the support of RACH-less SAT switching should be also designed as optional UE capability. 
Proposal 3: It’s the optional UE capability to support the RACH-less satellite switching procedure. 
2) Network configuration
From network side, whether to enable the RACH-less satellite switching should be based on network configuration. Since the satellite switching is not L3 based mobility, using RRC dedicated signaling for such configuration should be avoided as much as possible, and we can only rely on SIB19 to provide such configuration.
Proposal 4: RACH-less satellite switching procedure is configured in SIB19. 
When UE receives the SIB19 with RACH-less satellite switching configuration, if UE doesnot support RACH-less procedure, UE will still perform RACH-based satellite switching procedure.  

3) UE operation during RACH-less satellite switching 

· UL grant for the 1st UL transmission towards target satellite
During RACH-less satellite switching, in order to provide the UL grant for the 1st UL transmission towards target satellite, we can follow the same design as RACH-less HO and rely on dynamic grant or pre-configured grant. 
· Option 1: dynamic grant

In RACH-less HO, network can provide UE the beam for the dynamic grant reception from the target cell in RACH-less HO command. 
For satellite switching scenario, since the serving satellite changes, the beam situation providing coverage has also changed. In this procedure, the beam information should be cell specific or satellite specific, so network can provide the beam information for the dynamic grant reception in target satellite in SIB19. 
· Option 2: preconfigured grant

In RACH-less HO, network provides the beam and the associated preconfigured grant of target cell in UE dedicated RRC signaling. 
For satellite switching procedure, since the serving cell does not change, we can consider using the legacy configured grant for this purpose, and UE doesnot need to release it after satellite switching. For example, network may provide two configured grant configurations associated to the different SSBs. When UE switches to the target satellite, and UE detect a good SSB#1 from the target satellite, UE can select the configured grant associated with SSB#1 for 1st UL transmission. 
Proposal 5: For RACH-less satellite switching, network may indicate the beam info for the dynamic grant reception in target satellite in SIB19, and UE starts monitoring the dynamic UL grant via the indicated beam after performing DL sync in the target satellite. 

Proposal 6: For RACH-less satellite switching procedure, network may provide the configured grant and associated to beam info via RRC dedicated signaling, and UE selects the configured grant based on the detected SSB from the target satellite. 

· Fallback to RACH-based satellite switching

In NTN RACH-less HO, if the RSRP value of the beam associated for the 1st UL grant is lower than a threshold, UE will fall back to RACH-based HO. 

The fallback design is also applicable for the RACH-less satellite switching. If no beam associated to the UL grant in target satellite has good quality, UE cannot acquire the valid UL grant for the 1st UL transmission, and UE has to fallback to RACH in order to complete the satellite switching procedure.

Proposal 7: For RACH-less satellite switching procedure, UE fallbacks to RACH-based satellite switching procedure if the beam associated to the UL grant in target satellite has RSRP value lower than a threshold.  
· TA value for the 1st UL transmission
In NTN RACH-less HO, network can set the Nta value to 0 or same as source satellite in the RACH-less HO command to UE. 
For RACH-less satellite switching, network can also provide the same information based on the deployment (e.g. set Nta as 0 if source and target satellite are not collocated together). Since it’s based on the deployment, it can be regarded as cell specific info and provided in SIB19.
Proposal 8: For RACH-less satellite switching procedure, network can set Nta value to 0 or same as source in SIB19. 
· The message in the 1st UL transmission towards target satellite
In NR RACH-less HO and LTE RACH-less mobility, after UE switches to the target cell, UE will transmit the RRCReconfigurationComplete message to network. 
For satellite switching procedure, it’s not L3 involved mobility, and the serving cell configuration doesnot changes. Therefore, it’s no need to transmit RRCReconfigurationComplete message, and UE can directly perform the data transmission/reception in target satellite.  

Proposal 9: For RACH-less satellite switching procedure, UE resumes the UE dedicated transmission/reception via the 1st UL grant towards to target satellite.  
2.3 UE operation during the satellite switching procedure
For both RACH-based and RACH-less satellite switching procedure, the change of serving satellite will lead to changes in the propagation delay and the channel condition of the serving cell from UE perspective. Therefore, it will introduce some impact on MAC operation and RRM measurement operation. 

Regarding the impact on MAC operation, due to the propagation delay change, UE may need to report the PHR based on new pathloss after satellite switching. 

Proposal 10: During satellite switching procedure, UE initiates PHR reporting after satellite switching.
Regarding the impact on RRM measurement, due to the change of radio condition of the serving cell, UE may need to reset all the serving cell related measurement , i.e. reset L3 filter for the serving cell’s RRM measurement and reset RLM, but there will be no impact on neighbor cell’s measurement. 
Proposal 11: During satellite switching procedure, UE reinitiates all the serving cell related measurement, e.g. reset L3 filter for serving cell RRM measurement and reset the RLM. 
A failure detection timer should be introduced to protect the failure case, which is similar as HOF timer (T304). The timer is started when UE starting the satellite switching and stopped when the sync procedure successful to the target satellite is successfully completed. When the failure timer expires, UE will initiate the UE connection reestablishment procedure. 

Proposal 12: Introduced timer based failure detection mechanism for satellite switching procedure. 

Proposal 13: When the satellite switching failure is detected, UE initiates the UE connection reestablishment procedure. 

2.4 Soft satellite switching procedure
As indicated in RAN1 LS [2], soft satellite switching procedure is feasible when the following conditions are fulfilled:

	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 indicated condition, it is observed that network is required to provide the SSB of target satellite to UE in advance in addition to other satellite information of target satellite. 
Proposal 14: To support soft satellite switching, NW indicates the SSB for UE to detect the DL sync of target satellite in SIB19 in advance. 

Figure-2 and Figure-3 provide the schematic diagrams of hard and soft satellite switching. 

·   For hard satellite switching in Figure-2, serving SAT is switched at the time point, i.e. SAT1 is serving SAT before T and SAT2 is serving SAT after T;
· UE stops the transmission in target satellite at the fix timepoint T and start to acquire DL sync of target satellite after that.
·   For soft satellite switching in Figure-3, both source and target SATs provide service/coverage for the same area (During T-duration).
· Soft satellite switching requires a switching duration, which needs to be configured to UE;
· During the switching duration, UE may keep the UE dedicate transmission to source satellite till acquiring the DL sync of target satellite.
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Figure-2. Hard satellite switching
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Figure-3. Soft satellite switching

Proposal 15: Network should configure a switching duration for the soft satellite switching. 

Proposal 16: Within the soft satellite switching duration, UE may keep on the transmission in source satellite till acquiring the target satellite’s DL sync. 
For the soft switching duration, the duration is from the start time of target satellite to the stop time of the source satellite, as indicated in Figure-4. 

Proposal 17: The soft switching duration can be derived based on T-service/T-stop of source satellite and T-start of target satellite.   
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Figure-4. Soft switching duration 
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Figure-5. Soft satellite switching procedure 

2.5 Coexistence with L3 mobility scheme
After network enables the satellite switching procedure, network can also decide trigger UE perform HO to other cell. And UE should follow the HO command and initiate HO procedure immediately. 

Proposal 18: After satellite switching scheme is enabled, if UE receives the HO command before the switching period or switching point, UE will initiate the HO procedure immediately.
For CHO scheme, since it is enabled in advanced, network may also possibly enable both CHO and satellite switching procedure at the same time. And in UE side, UE can just follow the condition evaluation to initiate the corresponding scheme, e.g. UE can initiate CHO when CHO condition is met, and initiate satellite switching when the satellite switching time is arrived. When both conditions are met, it could up to UE implementation to choose either one. 

Proposal 19: Both CHO and satellite switching procedure can be configured simultaneously. 

Proposal 20: When both CHO and satellite switching conditions are met, it's up to UE implementation to choose either one.     

3  Conclusion
According to the analysis in section 2, we propose that:
< Provision of target satellite information >

Observation 1: In order for UE to synchronize with the target satellite immediately after satellite switching, UE needs to acquire sync information of target satellite in advance.
Observation 2: According to existing RRC design, network can provide the sync information of target satellite in SIB19 only when the target satellite becomes the serving satellite and starts providing the service for the serving cell. 

Observation 3: According to existing RRC design, UE can acquire the sync information of target satellite from SIB19 only after satellite switching without serving cell change. 

Proposal 1: Network provides the sync information of target satellite in advance to UE before satellite switching via RRC signaling. 

Proposal 2: Network can provide the multiple satellite information (including serving satellite and the target satellite) for the serving cell in SIB19 and RRC dedicated signaling. 
< RACH-less satellite switching >

Proposal 3: It’s the optional UE capability to support the RACH-less satellite switching procedure. 
Proposal 4: RACH-less satellite switching procedure is configured in SIB19. 
Proposal 5: For RACH-less satellite switching, network may indicate the beam info for the dynamic grant reception in target satellite in SIB19, and UE starts monitoring the dynamic UL grant via the indicated beam after performing DL sync in the target satellite. 

Proposal 6: For RACH-less satellite switching procedure, network may provide the configured grant and associated to beam info via RRC dedicated signaling, and UE selects the configured grant based on the detected SSB from the target satellite. 

Proposal 7: For RACH-less satellite switching procedure, UE fallbacks to RACH-based satellite switching procedure if the beam associated to the UL grant in target satellite has RSRP value lower than a threshold.  

Proposal 8: For RACH-less satellite switching procedure, network can set Nta value to 0 or same as source in SIB19. 

Proposal 9: For RACH-less satellite switching procedure, UE resumes the UE dedicated transmission/reception via the 1st UL grant towards to target satellite.  
< UE operation during satellite switching procedure >
Proposal 10: During satellite switching procedure, UE initiates PHR reporting after satellite switching.
Proposal 11: During satellite switching procedure, UE reinitiates all the serving cell related measurement, e.g. reset L3 filter for serving cell RRM measurement and reset the RLM. 
Proposal 12: Introduced timer based failure detection mechanism for satellite switching procedure. 

Proposal 13: When the satellite switching failure is detected, UE initiates the UE connection reestablishment procedure. 

< Soft satellite switching >
Proposal 14: To support soft satellite switching, NW indicates the SSB for UE to detect the DL sync of target satellite in SIB19 in advance. 

Proposal 15: Network should configure a switching duration for the soft satellite switching. 

Proposal 16: Within the soft satellite switching duration, UE may keep on the transmission in source satellite till acquiring the target satellite’s DL sync. 
Proposal 17: The soft switching duration can be derived based on T-service/T-stop of source satellite and T-start of target satellite.   

< Coexistence with CHO/HO procedure>

Proposal 18: After satellite switching scheme is enabled, if UE receives the HO command before the switching period or switching point, UE will initiate the HO procedure immediately.
Proposal 19: Both CHO and satellite switching procedure can be configured simultaneously. 

Proposal 20: When both CHO and satellite switching conditions are met, it's up to UE implementation to choose either one.     
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