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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN1 has received one LS from RAN2 about the unchanged PCI scenario in NTN [1]. With this LS, RAN2 informed the progress on unchanged PCI and ask for the reply from RAN1 on hard satellite switching (non-overlapping satellite coverage at switching time) and soft satellite switching (overlapping satellite coverage at switching time). 
	[bookmark: _Hlk46227635]To RAN1
ACTION: RAN2 kindly requests RAN1 to take into account the above agreement on hard satellite switching without PCI change and provide feedback if RAN1 identifies any major technical issues, and also provide feedback on the feasibility to support soft satellite switching without PCI change.



In this contribution, we analyze the potential RAN1 impact of hard satellite swithing and soft satellite switching and technical feasibility repectively.  

Discussion
In last RAN2 meeting, RAN2 has made the following agreements at the RAN2 #121bis meeting[2]：
Agreements:
1. 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)
2. Remove the part in brackets “as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18” in the LS to RAN1. The action to RAN1 will also ask for feedback for the hard satellite switch (not only the soft satellite switch case), e.g. action to RAN1 is to see if there are any major technical issues (as in the agreement).

Regarding its use case, the unchanged PCI is mainly utilized in earth fixed cell scenario. As stated in TR38.821, earth fixed cell means satellite beam will steer one specific area within one duration even if the satellite is moving. In order to improve UE experience, the unchanged PCI will establish one smooth switching for UE when two satellites are configured with same PCI, same UE context and same protocol stacks. With this solution [3], UE can continue use the same configuration before and after the satellite switch, NW doesn’t need to send handover command to UE for the PCI unchanged case due to the satellite switching. Hence, the L3 mobility procedure i.e. handover can be omitted. It is noted that in RAN2 discussion two satellites are associated with same gNB, shown in the figure 1.

  
Figure 1: PCI unchanged scenario

Based on RAN2 discussion, there are two technical implementations for unchanged PCI:
· Hard satellite switching
In quasi-earth fixed cell case, when hard satellite switching is used, the serving satellite will stop the transmission/reception and the upcoming satellite will provide the service for same coverage with same cell configuration. There is one small gap between the serving satellite and upcoming satellite for signal continuity.  
· Soft satellite switching:
In quasi-earth fixed cell case, when soft satellite switching is used, there is one time overlap between serving satellite and upcoming satellite for same location. Only after the UE has connected to upcoming satellite, serving satellite will stop the transmission/reception finally. 

0. Hard satellite switching
For hard satellite switching, there is small time gap in which serving satellite stops the transmission and reception, and upcoming satellite will do the preparation for SSB and system information broadcasting. Since the transparent payload is assumed in Rel-18, the coordination between two base stations linked to adjacent satellites should be easy. Two satellites are associated with same gNB. In general, the time gap between stopping transmission of serving satellite and starting transmission of upcoming satellite will be less than 1 ms, mainly for RF switching. This is because the preparation for software configuration and hardware switching can be conducted in advance. If the gNBs associated with two satellites are synchronized, the time gap from the UE side is only the propagation difference. In this sense, the time gap is less than 10ms in most of cases for LEO scenario and will not cause any significant performance degradation such as beam failure or synchronization issue. 
Observation 1: Inter-satellite coordination for same gNB for PCI unchanged usage is easily implemented.
Observation 2: The time gap length of signal interruption between two adjacent satellites is up to network implementation and propagation delay, which is less than 10ms in most of cases from UE reception point of view.
In order to access to the new satellite, UE should be informed with new satellite related information, including ephemeris information and common TA. For other system information, everything can be same as that of legacy cell. 
As informed by the RAN2 LS, the re-synchronization notification can be indicated to UE since the upcoming satellite locates in different space. UE will firstly acquire the emphasis information and common TA information, and then do SSB detection, finally one PRACH signal is transmitted to gNB to get the TA from RAR information.    
Observation 3: In order to help UE to fast access the upcoming satellite, common TA and ephemeris information can be informed to UE before satellite switching.
Proposal 1: From RAN1 perspective, no major technical issue is identified for hard satellite switching on unchanged PCI scenario. 

0. Soft satellite switching
For soft satellite switching, the procedure is a bit different from the hard soft switching. Under soft switching, serving satellite will not stop service unless all UEs have transferred to new satellite. Therefore, from UE perspective, there is one duration when two satellites will serve same location. During the transition time, some UEs will connect the new cell, while some UEs still connect to the old cell for data transmission. For UE side, there are two issues to be considered. The first issue is how to make the connection for two satellites. Though two satellites serve same area, it should not enable UE to connect the two satellites due to different synchronization timing. UE is only connects one satellite. If UE has no data transmission, UE should switch to new satellite immediately. If data transmission is not finished, UE can be switched to new satellite and continue the data transmission. In other words, UE only connects to one single satellite during soft satellite switching period. 
Observation 4: Connecting two satellites simultaneously for signal transmission will increase UE complexity. 
Proposal 2: For sake of UE implementation simplicity, UE can connect to only one satellite during soft satellite switching period.
Regarding the second issue of soft switching, it is about interference of two satellites. Due to same frequency and same PCI, the interference needs to be considered carefully. In general, if no special solution is used, the SINR will approach 0dB range for normal handset UE. For SINR distribution, it is similar as the terrestrial cell, but the difference is different PCI used in TN cells. Actually the arriving time would have big offset in NTN case, signal separation is possible for UE though the interference exists. Another advantage is that during the switching period, the resource utilization ratio is low, so it has the room to make some optimizations.
In order to alleviate the interference, it is proposed to use resource coordination. When current serving satellite is working, the signal of new satellite can be coordinated to different time or different PRBs. For SSB, PRACH and system information resource, separate period and subframe for different satellites can be used. Another alternative is to define one non-cell defining SSB in new satellite. Additionally, it may have the interference between data channel of serving satellite and access channel of upcoming satellite including synchronization and PRACH etc, so we need consider the coordination between the serving satellite and upcoming satellite. One simple way is using frequency domain multiplexing. The scheduled resource for data channel in serving satellite should be separated from the synchronization, PRACH, system information, 
Observation 5: When same PCI is used for two adjacent satellites, there exists possible interference for two satellites in DL and UL.  
Observation 6: With resource separation for two neighboring satellites, the interference issue can be resolved through network implementation. For cell specific signal and resource allocation including SSB, SIB and PRACH, TDM based resource isolation can be used for two satellites. For UE specific signal and resource allocation, FDM based resource isolation can be used.
Based on above discussion, it is observed that the interference situation of soft satellite switching showed similar performance with that of cell edge of TN cell. With resource coordination through network implementation, the switching reliability can be guaranteed. From technical perspective, no big issue is observed.
Proposal 3: From RAN1 perspective, with proper resource coordination between serving satellite and upcoming satellite and no spec change, soft satellite switching without PCI change is feasible.

Conclusion
In this contribution, we analzyed potential impacts and feasibilities for hard satellite swtiching and soft switching for unchangd PCI usage. The observations and proposals are as follows:
Observation 1: Inter-satellite coordination for same gNB for PCI unchanged usage is easily implemented. 
[bookmark: _GoBack]Observation 2: The time gap length of signal interruption between two adjacent satellites is up to network implementation and propagation delay, which is less than 10ms in most of cases from UE reception point of view. 
Observation 3: In order to help UE to fast access the upcoming satellite, common TA and ephemeris information can be informed to UE before satellite switching.
Observation 4: Connecting two satellites simultaneously for signal transmission will increase UE complexity. 
Observation 5: When same PCI is used for two adjacent satellites, there exists possible interference for two satellites in DL and UL. 
Observation 6: With resource separation for two neighboring satellites, the interference issue can be resolved through network implementation. For cell specific signal and resource allocation including SSB, SIB and PRACH, TDM based resource isolation can be used for two satellites. For UE specific signal and resource allocation, FDM based resource isolation can be used.

Proposal 1: From RAN1 perspective, no major technical issue is observed for hard satellite switching on unchanged PCI scenario. 
Proposal 2: For sake of UE implementation simplicity, UE can connect to only one satellite during soft satellite switching period.
Proposal 3: From RAN1 perspective, with proper resource coordination between serving satellite and upcoming satellite and no spec change, soft satellite switching without PCI change is feasible.
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