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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#123bits, the following agreements on unchanged PCI mechanism were achieved [1]. Based on the the following agreement, this contribution focus on remaining issues for unchanged PCI mechanism in the hard satellite switching case, and also discuss how to support unchanged PCI in soft satellite switching case.
Agreements:
1. RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system.
2. [bookmark: OLE_LINK5][bookmark: OLE_LINK37]Only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. FFS on exact signalling.
3. [bookmark: OLE_LINK70]SMTC configuration of target satellite needs further discussion                                                                  FFS on whether and how to provide the SMTC configuration of target satellite;                                      FFS on how to handle the SMTC adjustment
4. [bookmark: OLE_LINK34]We support soft satellite switching in Rel-18.
5. There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
6. [bookmark: OLE_LINK48]At least soft satellite switching, network provides SSB information of target satellite to UE. FFS on the details: options include e.g. indicating a time offset/information or indicating a different SSB index for the target satellite (FFS for Hard satellite switch)
7. In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite
8. [bookmark: OLE_LINK47][bookmark: OLE_LINK65]We introduce a T-start which indicates the earliest occasion when the UE can start synchronizing with target satellite (actual signalling is FFS). In soft switch scenario, T-start of target satellite is earlier than T-service of source satellite (FFS if T-start is also used for hard satellite switch)
9. [bookmark: OLE_LINK71]For soft satellite switching, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is up to UE implementation.
10. UE is not required to connect to source satellite when the UE switches to target satellite.
[bookmark: OLE_LINK19]
[bookmark: OLE_LINK9][bookmark: OLE_LINK61]Agreements R2#123:
11. [bookmark: OLE_LINK72]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.
12. In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
13. 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.

2. Discussion
According to RAN2 reply： 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 behaviour may be applied for soft satellite switching and hard satellite switching.
[bookmark: OLE_LINK69]Based on RAN1 #114 and RAN2 #123bit conclusion, soft satellite switching without PCI changed is feasible, The following discussion is for soft satellite switch case. In the unchanged PCI scenario, both the source and target satellites are connected to the same gNB, and all UEs switch from serving to target satellite, while using the same PCI, as the serving satellite flies out of coverage.
[bookmark: OLE_LINK11]2.1 unchanged PCI with satellite switching 
[bookmark: OLE_LINK50]2.1.1 only 1 target satellite information (i.e. NTN-config) of serving cell
[bookmark: OLE_LINK8]Regarding the target satellite information, RAN2 #123bits agreed that only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19 via exact signaling. About the exact signaling in detail, three options have been proposed, in order to distinguish with others handover method, and unchanged PCI with satellite switching need have more special information and indication to provide to UE, therefore, introduce one new target satellite configuration (e.g. ntn-TargetSatConfig) is the simplest, and provide the NTN-config of the target satellite in it is feasible. 
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[bookmark: OLE_LINK18]Proposal 1: support introducing one new target satellite configuration (e.g. ntn-TargetSatConfig), and provide the NTN-config of the target satellite in it
[bookmark: OLE_LINK44][bookmark: OLE_LINK33]2.1.2 Indication information whether hard switch or soft switch is used
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Even though soft satellite switching will be supported in R18, the necessary indication information needs to be provided to the UE to perform unchanged PCI procedure for hard satellite switching or soft switch, therefore  there will be an explicit indication information whether hard switch or soft switch is used, for any of UEs, it should know whether it can operate in hard switch or soft switch based on the indication information, and  Note that such information are not only needed for hard satellite switching case(if supported), but also needed for soft satellite switching case 
There are two possible ways for the network to provide UE with the indication information in service satellite:
· [bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK43][bookmark: OLE_LINK45]Option 1: via SIB19 of the serving cell for the source satellite, the target satellite information (i.e. NTN-config) of serving cell is provided in SIB19, so further indication information will also be provided in SIB 19 in order to decrease signal overhead, When the NW starts to broadcast this information, NW notices UE to re-acquire SIB19 via the current procedure. A new field is introduced in SIB19 to include assistance information for the target satellite.
· [bookmark: OLE_LINK46][bookmark: OLE_LINK42][bookmark: OLE_LINK41]Option 2: via RRC dedicated message, based on SIB 19 the target satellite information of serving cell, for incoming switch UE in serving cell.
For dedicated signal delivery, L3 HO signaling will be brought if it is provided via RRC dedicated message, however, this kind of switching unchanged PCI do not always happen in any situation, since this bring some signal overhead, it is acceptable. 
[bookmark: OLE_LINK60]Proposal 2:  Indicate information based on broadcast message and RRC dedicated message whether hard switch or soft switch is used
[bookmark: OLE_LINK49].2.1.3 Configuration and Assistance information
Below, some necessary assistance information need to be provided to the UE to perform unchanged PCI procedure for soft satellite switching. Note that such information are not only needed for soft satellite switching case, but also needed for hard satellite switching case (if supported) 
At least soft satellite switching, some others indication information need be provided to UE. 
· [bookmark: OLE_LINK54][bookmark: OLE_LINK58][bookmark: OLE_LINK55][bookmark: OLE_LINK53]To void interference between source satellite and target satellite, SSB must be ensured non-colliding with same PCI at UE side , so network provides SSB index information of target satellite to UE when UE need to detect the SSB of the new satellite for soft satellite switching. The SSB index of source satellite and target satellite should be divided in two groups, at least excluding the SSB using by UE . A indicating information need be added in SIB1/SIB19 to indicate a different SSB.
· other assistance information such as target satellite information (e.g., ntn-Config, SMTC offset) and SSB index should also be provided to UE via SIB.

Proposal 3:  Indicate information based on broadcast message indicate different SSB index between source satellite and target satellite.
[bookmark: OLE_LINK63][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK32][bookmark: OLE_LINK64]Even though PCI is not changed, UE still needs to synchronisation with new satellites. The common TA and ephemeris of target satellite are important information for UE to do make the full time and frequency domain synchronisation compensation. Thus, providing common TA and ephemeris of target satellite is necessary before PCI unchanged handover start.
[bookmark: OLE_LINK68][bookmark: OLE_LINK75][bookmark: OLE_LINK67][bookmark: OLE_LINK66][bookmark: OLE_LINK16]A T-start which indicates the earliest occasion when the UE can start synchronizing with target satellite, T-start of target satellite is earlier than T-service of source satellite. At the start time of the target satellite, the target satellite starts providing service for serving cell, the UE can acquire DL sync by detecting the SSB of the target satellite. The start time of the target satellite, T-start related UE location information can carry on RRC message, needs to be provided to the UE. Considering to the T-start as the new configuration to the switching UE, it can be signalled to the UE via RRC message.

[bookmark: OLE_LINK76][bookmark: OLE_LINK17][bookmark: OLE_LINK15]Proposal 4: A T-start time of the target satellite as the new configuration should be transmitted to UE in RRC message.
3. Conclusion
In this contribution, we have discussion on PCI unchanged scenario, with the following observations and proposals:
Proposal 1: support introducing one new target satellite configuration (e.g. ntn-TargetSatConfig), and provide the NTN-config of the target satellite in it
Proposal 2:  Indicate information based on broadcast message and RRC dedicated message whether hard switch or soft switch is used
Proposal 3:  Indicate information based on broadcast message indicate different SSB index between source satellite and target satellite.
Proposal 4: A T-start time of the target satellite as the new configuration should be transmitted to UE in RRC message
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SIB19-rl7 ::= SEQUENCE ({

ntn-Config-rl7 NTN-Config-rl7 OPTIONAL, -— Need R

t-Service-rl7 INTEGER (0..549755813887) OPTIONAL, -- Need R

referencelocation-rl7 Referencelocation-rl7 OPTIONAL, -— Need R

distanceThresh-rl7 INTEGER (0. .65525) OPTIONAL, -— Need R

ntn-NeighCellConfigList-rl7 NTN-NeighCellConfigList-rl7 OPTIONAL, -— Need R

lateNonCriticalExtension OCTET STRING OPTIONAL,
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ntn-NeighCellConfigListExt-v1720 NTN-NeighCellConfigList-rl7 OPTIONAL -— Need R
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ntn-TargetSatConfig-rl8 NTN-TargetSatConfig-rl8 OPTIONAL —— Need R
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NTN-TargetSatConfig-rl8 SEQUENCE {

// Editor note: FFS whether SMTC configuration is needed.

}




