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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#121 meeting, the following agreement was achieved for PCI unchanged scenario.
Working Assumption: 
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. 
In this contribution, the following issues will be discussed, and the corresponding observations as well as proposals will be given from our perspective.
· Benefit Analysis;
· Applicability to hard or soft satellite switching;
· Necessity of perform RACH;
· Impacts on specification.
2. Discussion
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]2.1 Benefit Analysis
The PCI unchanged scenario is shown in figure 1. After satellite switching, since the serving gNB is not changed, the cell configurations can be kept without changing, including PCI, frequency and other parameters contained in servingCellconfigCommon. In Addition, as the UEs locate in the area under the coverage of the satellite not changed, and the service kept between the UE and the NW is not changed during this procedure, it is reasonable to keep the UE specific configuration unchanged, e.g. servingCellconfig. In short, 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. 


Figure 1: PCI unchanged scenario
We would like to emphasize that, comparing with legacy handover, conditional handover and RACH-less handover, etc., the most significant benefit brought by PCI unchanged scenario is the reduction on signalling overhead.  When there are a large amount of connected UEs in the cell, the benefit on the signalling overhead reduction is significant.
When UE performs handover, it should perform L2 reset including MAC reset, RLC entity re-establishment, and PDCP data recovery/ PDCP entity reestablishment. Latency on data transmission and data loss will be introduced. But in PCI unchanged scenario, it is feasible to omit the L2 reset in handover procedure, considering the serving gNB does not changed and the configuration may not change either. 
Observation 1: Comparing with legacy handover, CHO, RACH-less handover, etc., the benefit brought by PCI unchanged scenario including:
- Signalling overhead reduction, due to handover command is not needed;
- Reduction on data transmission latency and data loss, due to L2 reset is not needed.
2.2 Applicability to hard or soft satellite switching
· Hard satellite switch
In RAN2#121, the scenario of hard satellite switch was discussed and the following working assumption was reached.
Working Assumption: 
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. 
For hard satellite switch, the upcoming satellite will not provide coverage before the current satellite moves away. Based on the previous discussion, there are some concerns on the interruption issue for hard satellite switch scenario. From our perspective, the interruption is caused by the deployment of satellite constellation, which is not a special issue for PCI unchanged scenario. For the quasi-earth-fixed cell scenario in Rel-17, when the current cell is going to stop serving, UE will also need to wait for the service provided by the next satellite if no other satellite provides service to this location. When there are some other satellites providing service to this location during the hard satellite switching, it can up to the network implement to decide whether to trigger handover or perform as PCI unchanged scenario. Anyway, the interruption issue of hard satellite switch is not a particular issue in PCI unchanged scenario.
Observation 2: The interruption issue in hard satellite switch scenario is not a particular issue for PCI unchanged scenario, i.e. it’s also existing for legacy handover, due to it is caused by the deployment of satellite constellations.
Hence, the interruption issue should not be the reason of not supporting PCI unchanged scenario. As illustrated in observation 1, taking the significant signalling overhead reduction into consideration, the hard satellite switch scenario should be supported.
Proposal 1: Confirm the work assumption that “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”.
· Soft satellite switch
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For soft satellite switching, there is a period that two satellites provide service for the same area. The main concern is the interference from two satellites, which may cause SSB decoding failure. From our perspective, this issue can be solved by the implementation of the network. If necessary, another way to solve this issue is, the upcoming satellite provides NCD-SSB instead of CD-SSB for UE to perform DL sync during the overlapping period. The interference issue seems solvable.
Considering there may be some impacts on RAN1, we would better to send an LS to RAN1 to confirm the feasibility of soft satellite switch.
Proposal 2: Send an LS to RAN1 to confirm the feasibility of soft satellite switch of PCI unchanged scenario.
2.3 Necessity of performing RACH
When the satellite is suddenly changed, considering the propagation time delay of the source satellite and the upcoming satellite changed, UE will lose synchronization to the cell for both UL and DL. For DL, UE can obtain synchronization by reading the SSB provided by the new coming satellite. For UL synchronization, the most straightforward way is to perform random access, which is commonly used.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 3: At least, RA procedure can be used for UE to re-acquire UL synchronization to the new satellite in PCI unchanged scenario.
In RAN2#119-bis, the LS [1] was sent to RAN1 for the possibility of the following RACH-less handover scenarios.
	(1) Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
(2) Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
(3) Inter-satellite handover with gateway/gNB switch
(4) Inter-satellite handover with same gateway/gNB


RAN1 reply an LS [2] informed that, RACH-less handover may be possible in scenario (4). After confirmed by RAN4 [3], RAN2 achieved the following agreement during the RAN2#121 meeting.
1. Support RACH-less Handover in Rel-18.
According to the online discussion, RACH-less handover in scenario of inter-satellite handover with same gateway/gNB is not excluded from RAN2’s perspective. If scenario (4) is finally supported for RACH-less handover, it means that UE could have valid TA of the upcoming cell after inter-satellite switch without RACH. For PCI unchanged scenario, before and after the satellite changes, it should be also feasible for UE to acquire valid TA without RACH. .
In short, if in the topic of RACH-less handover, the scenario of inter-satellite handover with same gateway/gNB is supported, the RACH procedure in PCI unchanged scenario can also be omitted.
Proposal 4: If RACH-less is supported for the scenario of inter-satellite handover with same gateway/gNB, it is feasible for UE to get UL synchronization to the new satellite without RACH in PCI unchanged scenario.
2.4 Impacts on specification
When the satellite provide quasi-earth-fixed service link, for normal scenario and PCI unchanged scenario, when satellite changes, UE performs different behaviours. For normal scenario, when satellite changes, UE will detect radio link failure if CHO or legacy handover command is not received before the t-service. While in PCI unchanged scenario, UE will perform DL/UL sync to the new satellite when the satellite changes if CHO or legacy handover command is not received before a certain time. Hence, an indication is needed for UE to realize whether the current cell is PCI unchanged cell.
Proposal 5: In PCI unchanged scenario, the NW need to indicate UE the current cell is PCI unchanged cell.
In the following part, how to support the indication will be discussed.
How to provide the indication to UE?
Obviously, the network can send the indication to the CONNECTED UE via dedicate signalling, e.g. RRC message. Besides, since the indication is common to all the UE in the cell, the network also can broadcast the indication in system information, e.g. SIB1 or SIB19. Whether to provide it via SIB or dedicated signalling could be discussed.
Proposal 6: Further discuss whether provide the indication of PCI unchanged cell via system information or dedicate signalling.
When to perform sync to the upcoming satellite?
With acknowledgement of the cell is a PCI unchanged cell, UE should determines when to perform sync to the upcoming satellite.
In Rel-17, the parameter t-Service was defined, which is used to indicate the stop serving time of a quasi-earth-fixed cell. For PCI unchanged cell, this parameter can be reused to indicate the stop covering time of the current satellite. UE could perform sync to the new satellite based on the t-Service.
Additionally, the network could send the indication to UE to indicate the UE to perform sync to the new satellite, when the satellite is going to change. 
RAN2 could further discuss which solution to adopt.
Proposal 7: RAN2 to discuss the following solutions on determine when to perform sync to the upcoming satellite.
- Based on time condition e.g. t-Service;
- Based on signalling triggered indication from NW.
3. Conclusion
In this contribution, we have discussion on PCI unchanged scenario, with the following observations and proposals:
Benefit Analysis
[bookmark: _GoBack]Observation 1: Comparing with legacy handover, CHO, RACH-less handover, etc., the benefit brought by PCI unchanged scenario including:
- Signalling overhead reduction, due to handover command is not needed;
- Reduction on data transmission latency and data loss, due to L2 reset is not needed.

Applicability to hard or soft satellite switching
Observation 2: The interruption issue in hard satellite switch scenario is not a particular issue for PCI unchanged scenario, it’s also existing for legacy handover, due to it is caused by the deployment of satellite constellations.
Proposal 1: Confirm the work assumption that “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”.
Proposal 2: Send an LS to RAN1 to confirm the feasibility of soft satellite switch of PCI unchanged scenario.

Necessity of performing RACH
Proposal 3: At least, RA procedure can be used for UE to re-acquire UL synchronization to the new satellite in PCI unchanged scenario.
Proposal 4: If RACH-less is supported for the scenario of inter-satellite handover with same gateway/gNB, it is feasible for UE to get UL synchronization to the new satellite without RACH in PCI unchanged scenario.

Impacts on specification
Proposal 5: In PCI unchanged scenario, the NW need to indicate UE the current cell is PCI unchanged cell.
Proposal 6: Further discuss whether provide the indication of PCI unchanged cell via system information or dedicate signalling.
Proposal 7: RAN2 to discuss the following solutions on determine when to perform sync to the upcoming satellite.
- Based on time condition e.g. t-Service;
- Based on signalling triggered indication from NW.
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