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1 Introduction

At RAN2#123-bis meeting, the following agreements were made for the unchanged PCI topic in NTN.

Agreements:

1. We don’t consider the impact on Rel-17 UEs behavior (or Rel-18 UEs not supporting unchanged PCI) when defining the Rel-18 unchanged PCI solution

2. Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling

Agreements:

1. RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system

2. Only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. FFS on exact signalling

3. 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. 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. 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. 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. 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.
In this contribution, we investigate details of the satellite switching with PCI unchanged and make the proposals.
2 Discussion
RAN1 has support the hard satellite switching without PCI changed. As indicated in RAN1 LS [1], soft satellite switching procedure is also 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.


According to latest RAN2 agreements, the target satellite information is broadcast in SIB19. The details of SIB19 are shown as follows:

SIB19-r17 ::= SEQUENCE {

    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R

    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
    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

    ]]

}

NTN-NeighCellConfigList-r17 ::=          SEQUENCE (SIZE(1..maxCellNTN-r17))  OF NTN-NeighCellConfig-r17

NTN-NeighCellConfig-r17 ::=              SEQUENCE {

    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R

    carrierFreq-r17                          ARFCN-ValueNR                                   OPTIONAL,       -- Need R

    physCellId-r17                           PhysCellId                                      OPTIONAL        -- Need R
}

-- TAG-SIB19-STOP

-- ASN1STOP

Since SIB19 has already defined the neighbour cell configuration IE as shown in yellow, it is straightforward to add target satellite information with the structure of NTN-NeighCellConfig to minimize the spec impact. The physCellId-r17 should be set as the same PCI with the serving cell to indicate this NTN-NeighCellConfig is used for PCI unchanged. 
Proposal 1: Add target satellite information with the structure of NTN-NeighCellConfig to minimize the spec impact. The physCellId-r17 should be set as the same PCI with the serving cell.
The main information of NTN-NeighCellConfig is set in NTN-Config, the details are shown as follows:
NTN-Config-r17 ::=             SEQUENCE {

    epochTime-r17                  EpochTime-r17                                                            OPTIONAL,  -- Need R

    ntn-UlSyncValidityDuration-r17 ENUMERATED{ s5, s10, s15, s20, s25, s30, s35,

                                              s40, s45, s50, s55, s60, s120, s180, s240, s900}              OPTIONAL,  -- Cond SIB19

    cellSpecificKoffset-r17        INTEGER(1..1023)                                                         OPTIONAL,  -- Need R

    kmac-r17                       INTEGER(1..512)                                                          OPTIONAL,  -- Need R

    ta-Info-r17                    TA-Info-r17                                                              OPTIONAL,  -- Need R

    ntn-PolarizationDL-r17         ENUMERATED {rhcp,lhcp,linear}                                            OPTIONAL,  -- Need R

    ntn-PolarizationUL-r17         ENUMERATED {rhcp,lhcp,linear}                                            OPTIONAL,  -- Need R

    ephemerisInfo-r17              EphemerisInfo-r17                                                        OPTIONAL,  -- Need R

    ta-Report-r17                  ENUMERATED {enabled}                                                     OPTIONAL,  -- Need R

    ...

}

EpochTime-r17 ::=              SEQUENCE {

    sfn-r17                        INTEGER(0..1023),

    subFrameNR-r17                 INTEGER(0..9)

}

TA-Info-r17 ::=                 SEQUENCE  {

    ta-Common-r17                  INTEGER(0..66485757),

    ta-CommonDrift-r17             INTEGER(-257303..257303)                                                 OPTIONAL,  -- Need R

    ta-CommonDriftVariant-r17      INTEGER(0..28949)                                                        OPTIONAL   -- Need R

}

Based on the affluent information above, it is enough for UE to synchronise with the target satellite. The only unclear thing is that whether it is hard switch or soft switch. Thus, an explicit indication is needed for hard switch or soft switch.
Proposal 2: Introduce an indication on whether hard switch or soft switch is used.
1. 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. 

At RAN2#123-bis, some companies raise the question about SMTC configuration of target satellite. Based on TS 38.331, the description of smtc4list is shown as follows:
If smtc4list is present, for cells indicated in the pci-List parameter in each SSB-MTC4 element of the list in the same MeasObjectNR, the UE shall setup an additional SS/PBCH block measurement timing configuration (SMTC) in accordance with the received Offset parameter in the smtc4 configuration and use the periodicity (derived from parameter periodicityAndOffset) and duration parameter from the smtc1 configuration. The first subframe of each SMTC occasion occurs at an SFN and subframe of the NR SpCell meeting the above condition.

We think current spec is already support UE to measurement the target satellite if the smtc4list is configured correctly of target satellite parameters. Thus, no SMTC enhancements are needed.
Proposal 3: No SMTC enhancements are needed for target satellite without PCI changed.
3 Conclusions 
In this contribution, we have the following observations and proposals: 
Proposal 1: Add target satellite information with the structure of NTN-NeighCellConfig to minimize the spec impact. The physCellId-r17 should be set as the same PCI with the serving cell.
Proposal 2: Introduce an indication on whether hard switch or soft switch is used.
Proposal 3: No SMTC enhancements are needed for target satellite without PCI changed.
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