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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#121-bis-e, the following agreements were achieved for unchanged PCI scenario [1].
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).
The hard satellite switch case was agreed to be supported, while the soft satellite switch case needs wait for the confirmation from RAN1. In this contribution, some possible impacts on specification to support hard satellite switching will be discussed.
2. Discussion
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]When the satellite provides quasi-earth-fixed service link, comparing with HO/CHO, for the unchanged PCI scenario without handover, UE performs different behaviours.
In unchanged PCI scenario, the upcoming satellite will provide coverage for the same cell with the previous satellite. For UE supporting PCI unchanged scenario without handover, the network can indicate the UE to perform DL and UL sync to the serving cell upon satellite switching and keep the configuration, then the L3 mobility can be omitted.
The following will further discuss the overall procedure to support PCI unchanged scenario without handover, including the following aspects:
· Indication of performing DL and UL sync;
· Perform sync to the serving cell after satellite switch;
· The overall stage 2 procedure.
2.1 Indication of performing DL and UL sync
After satellite switching, the payload for UE connecting to the serving cell switches from the source satellite to the target satellite. Considering the position of the target satellite is different with the source satellite, the UE needs to reacquire the DL and UL sync to the serving cell. In order to inform the UE to perform the UL/DL sync to the target satellite without HO/CHO configuration, it is required to NW acknowledges the UE it expects the UE to perform that. Hence, indication is needed to notify UE the serving cell supports unchanged PCI cell without handover and when it needs to perform DL and UL sync. The following will further discuss how to indicate the UE.
Observation 1: UE should get information of whether the cell supporting unchanged PCI without handover and when to perform DL and UL sync.
In hard satellite switching scenario, there will be a very short interruption of the serving cell when the source satellite stops providing coverage. To avoid unnecessary measurement and UL/DL data transmission attempts, the time when the source satellite stopping providing the coverage of UEs can be indicated to UE. In Rel-17, the parameter t-Service was introduced in SIB19 for measurement initiation on neighbour cells. In unchanged PCI scenario, the t-Service can be reused. At t-Service, the UE will stop measurement on the serving cell and stop the ongoing DL/UL data transmission [2].
SIB19-r17 ::= SEQUENCE {
[bookmark: OLE_LINK144][bookmark: OLE_LINK143][bookmark: OLE_LINK145]    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
[bookmark: _Hlk94000021]    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R
    distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R
    ntn-NeighCellConfigList-r17              NTN-NeighCellConfigList-r17                     OPTIONAL,       -- Need R
    lateNonCriticalExtension                 OCTET STRING                                    OPTIONAL,
    ...,
    [[
    ntn-NeighCellConfigListExt-v1720         NTN-NeighCellConfigList-r17                     OPTIONAL        -- Need R
    ]]
}

	t-Service
Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it is currently covering. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field.


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 1: In unchanged PCI scenario, the t-Service in SIB19 can be reused to indicate the time when the current satellite stops provide coverage for the serving cell.
UE can detect the serving cell’s signalling only when the target satellite starts providing coverage. To reduce unnecessary transmission failure and measurement on the upcoming cell, the start serving time of the target satellite t-Start can be introduced. At t-Start, the UE can perform measurement and get DL and UL synchronization on the serving cell. Furthermore, the parameter t-Start can also be used to indicate the unchanged PCI scenario, i.e. when t-Start present, it implicitly indicates the unchanged PCI scenario without handover is supported.
Proposal 2a: In unchanged PCI scenario, t-Start is introduced to indicate the time of the target satellite starts providing coverage for the serving cell and indicate the cell supporting unchanged PCI without handover.
Proposal 2b: Upon receiving the t-Start, the UE supporting unchanged PCI without handover should perform DL/UL sync at t-Start.
There are two ways to provide t-Start, i.e. via dedicate signalling and via system information. 
Obviously, the network can send the time information to the RRC_CONNECTED UE via dedicate signalling, e.g. RRCReconfiguration. After receiving the indication, the UE will know the serving cell is unchanged PCI cell, and it need to perform DL/UL sync based on t-Start. Via dedicate signalling, the t-start provide for different UEs can be different, so that the RACH congestion can be avoided.
Furthermore, considering the start coverage time of the target satellite is common to all the UE in the cell, the time information can broadcast in system information e.g. SIB19. Under this situation, when the UE receives the SIB19 with t-Start, it knows the serving cell supports unchanged PCI without handover. The UE supports unchanged PCI without handover will start to perform DL/UL sync to the serving cell since the time t-Start.
RAN2 should further discuss how to provide the t-start i.e. via broadcast or dedicated signalling.
Proposal 3: RAN2 further discuss how to provide the t-start 
- via system information, e.g., SIB19
- via dedicated signalling e.g. RRCReconfiguration.
2.2 Perform sync to the serving cell after satellite switch
After the target satellite start providing coverage, the UE can obtain DL sync by reading the SSB provided by the target satellite. There will be no spec impact.
For UL synchronization, the most straightforward way is to perform RACH to acquire UL sync, as legacy. It is obvious that CBRA is one option to get the UL sync, CFRA is also can be supported which needs to provide the dedicate RACH resource for UE before the satellite switching happens.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 4: CBRA/CFRA procedure can be used for UE to re-acquire UL synchronization to the target satellite in PCI unchanged scenario without handover.
In RAN2#121-bis, the following agreements were made.
Agreements via email – from offline 109:
1. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
2. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
For RACH-less handover, inter-satellite handover with same gateway/gNB is supported. The unchanged PCI scenario without handover is similar as the scenario of inter-satellite handover with same gateway/gNB. That is RACH-less can also be supported for unchanged PCI scenario. It means that UE could have valid TA of the target cell after inter-satellite switch without RACH. The issue of how to acquire NTA can wait for the progress of the RACH-less handover.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: _GoBack]Proposal 5: UE getting UL sync without RACH in unchanged PCI without handover scenario is supported. Details wait for the progress on RACH-less topic.
2.3 Stage 2 procedure
Based on the discussion in section 2.1 and 2.2, the overall procedure for hard satellite switch can be given out. The following procedure can be taken as baseline.


Figure 1. Overall procedure for hard satellite switching in unchanged PCI scenario
1.	During the coverage time of the source satellite, the serving cell configures indications used for UE reacquire the DL/UL sync to the serving cell after hard satellite switch. The indications include the start coverage time of the target satellite and so on. At the stop coverage time of the source satellite, the UE stop the measurement and UL/DL data transmission on the serving cell and keep the configuration.
2.	At the start coverage time of the target satellite, the UE perform DL sync to the satellite cell via target satellite.
3a.	The UE triggers CBRA/CFRA to acquire the updated TA of the serving cell via target satellite. After completing the RACH procedure, UE resume the data transmission on the serving cell. Or
3b.	The UE acquires the updated TA of the serving cell via target satellite without RACH if configured by serving cell. FFS the method. After the UL sync procedure, UE resume the data transmission on the serving cell.
Proposal 6: For hard satellite switching, take the stage 2 procedure in R2-2304899 as baseline.
3. Conclusion
In this contribution, we have discussion on PCI unchanged scenario, with the following observations and proposals:
Indication of performing DL and UL sync
Observation 1: UE should get information of whether the cell supporting unchanged PCI without handover and when to perform DL and UL sync.
Proposal 1: In unchanged PCI scenario, the t-Service in SIB19 can be reused to indicate the time when the current satellite stops provide coverage for the serving cell.
Proposal 2a: In unchanged PCI scenario, t-Start is introduced to indicate the time of the target satellite starts providing coverage for the serving cell and indicate the cell supporting unchanged PCI without handover.
Proposal 2b: Upon receiving the t-Start, the UE supporting unchanged PCI without handover should perform DL/UL sync at t-Start.
Proposal 3: RAN2 further discuss how to provide the t-start 
- via system information, e.g., SIB19
- via dedicated signalling e.g. RRCReconfiguration.

Perform sync to the serving cell after satellite switch
Proposal 4: CBRA/CFRA procedure can be used for UE to re-acquire UL synchronization to the target satellite in PCI unchanged scenario without handover.
Proposal 5: UE getting UL sync without RACH in unchanged PCI without handover scenario is supported. Details wait for the progress on RACH-less topic.

Stage 2 procedure
Proposal 6: For hard satellite switching, take the stage 2 procedure in R2-2304899 as baseline.
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