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Introduction

	The work item aims at specifying IDLE mode mobility from E-UTRA TN to NR NTN with the following assumptions:

GSO (Geo Synchronous Orbit) and NGSO (Non-Geo Synchronous Orbit). 

NGSO includes Low Earth Orbit (LEO) and Medium Earth Orbit (MEO).

Earth fixed tracking area. Quasi-Earth fixed & Earth moving cells for NGSO

UEs with GNSS (Global Navigation Satellite Systems) capability

FDD mode for NR-NTN

NTN-FR1 band is considered in priority

Implicit compatibility to support HAPS (High Altitude Platform Station) and ATG (Air To Ground) scenarios, where relevant

The work item aims at specifying support for the following objectives:

idle mode mobility based on cell reselection from E-UTRA TN to NR NTN, where E-UTRA TN provides satellite information for NR NTN neighbor cells in a System Information Block. [RAN2]

Note: 

The solutions shall be reusing the existing signaling introduced for IoT-NTN and mobility procedures between NR TN and NR NTN to the maximum extent.


Above objective has been approved in [1] in RAN#103, which is to specify signalling support of idle mode LTE TN to NR NTN mobility based on cell reselection mechanism. This contribution intends to discuss possible solutions and potential specs impact. 
Discussion
Below two issues are identified to be resolved in order to support LTE TN reselects to NR NTN, which will be discussed in detailed in later section.
Issue 1: Provide NR satellite neighboring cell information/frequency information to UE;

Issue 2: SMTC adjustment in order for UE to perform neighboring cell measurements

Observation 1: The key issues to be discussed to support LTE TN reselects to NR NTN are summarized in below:

Issue 1: NR satellite neighboring cell information/frequency information provision in LTE

Issue 2: SMTC adjustment in order for UE to perform neighboring cell measurements
NR satellite information provision
As specified in the objectives, solutions specified shall reuse existing signalling introduced in IoT NTN and mobility procedures between NR TN and NR NTN to the maximum extent. Below gives a rough introduction of existing mechanisms in NR and EUTRA.
In R18, it is allowed for NW to provided neighboring cell information in SIB19 in TN, when provided, only NTN-config with frequencies and PCI information of neighboring cells are provided. For UE capable of NTN in NR band, it can acquires SIB19 to perform neighboring cell measurements for cell reselection. 
Observation 2: NR TN to NR NTN mobility is done by provide SIB19 containing NTN neighboring cell information in TN, which contains NTN-Config and frequency and PCI of neighboring cells. 

If considering similar solution as NR, a new SIB can be introduced in LTE TN, which shall contains the same amount of information as in ntn-NeighCellConfigList, ntn-NeighCellConfigListExt in SIB19, in this solution for UE capable of NR NTN will acquire the new SIB to obtain all required NR NTN neighboring cell information for cell reselection.

Observation 3: Reusing NR solution requires introduce new SIB in LTE TN, which contains all required neighboring cell measurement information (i.e., ntn-NeighCellConfigList, ntn-NeighCellConfigListExt of NR SIB19) for cell reselection. 
For IoT NTN, the IoT NTN neighboring cell measurements is done by including satellite id in SystemInformationBlockType3/SystemInformationBlockType5, where the satellite id can be used to for the UE to find the assisting information (e.g. ephemeris info) in order to perform neighboring cell measurements on the cell. For a LTE UE, it will follows the configuration provided in SystemInformationBlockType3/ systemInformationBlockType24 to perform inter-RAT neighboring cell measurements, and currently there is no neighboring satellite information included in systemInformationBlockType24. 
Observation 4: IoT NTN UE performs intra-frequency neighboring cell measurements based on satellite assisting information included in SIB3/SIB5, while inter-RAT neighboring cell measurements is based on configuration provided in SIB3/SIB24, and SIB24 doesn’t contain satellite assisting information. 
If considering using similar neighboring cell measurement mechanism for IoT NTN, then systemInformationBlockType24 needs to be enhanced to allow inclusion of satellite id. Moreover, systemInformationBlockType33 shall also be provided in EUTRA TN so that UE can based on the satellite id included in systemInformationBlockType24 to find the associated satellite assisting information (e.g., ephemeris)
Observation 5: Reusing IoT NTN solution requires including satellite id in systemInformationBlockType24 as well as allowing provide systemInformationBlockType33 in EUTRA TN. 

---------------------------------------------------------------From 38331 --------------------------------------------------------------

NTN-Config information element
-- ASN1START
-- TAG-NTN-CONFIG-START
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
}
-- TAG-NTN-CONFIG-STOP
-- ASN1STOP
---------------------------------------------------------------From 38331 --------------------------------------------------------------
---------------------------------------------------------------From 36331 --------------------------------------------------------------

NeighSatelliteInfoList-r18 ::=
SEQUENCE (SIZE(1..maxSat-r18)) OF NeighSatelliteInfo-r18
NeighSatelliteInfo-r18 ::=
SEQUENCE {

satelliteId-r18



SatelliteId-r18,

ephemerisInfo-r18



CHOICE {


stateVectors



EphemerisStateVectors-r17,


orbitalParameters


EphemerisOrbitalParameters-r17

},

nta-CommonParameters-r18

SEQUENCE {


nta-Common-r18




INTEGER (0..8316827)

OPTIONAL,
-- Need OP


nta-CommonDrift-r18


INTEGER (-261935..261935)
OPTIONAL,
-- Need OP


nta-CommonDriftVariation-r18
INTEGER (0..29479)


OPTIONAL
-- Need OP

},

epochTime-r18




SEQUENCE {


startSFN-r18




INTEGER (0..1023),


startSubFrame-r18



INTEGER (0..9)

}















OPTIONAL,
-- Need OP

k-Mac-r18





INTEGER (1..512)



OPTIONAL,
-- Need OP

t-ServiceStartNeigh-r18

TimeOffsetUTC-r17



OPTIONAL,
-- Need OR

...
}
---------------------------------------------------------------From 36331 --------------------------------------------------------------
As highlighted in yellow in above citation, common TA parameters provide in SIB19 for neighboring cell measurements have different value range than that provided in systemInformationBlockType33, also the cell specific koffset is missing, which is needed for UE to perform STMC adjustment. Therefore the satellite assisting information included in systemInformationBlockType33 shall also be enhanced to align with the parameters provided in SIB19 for neighboring cell measurements. 

Observation 6: The common TA parameters included in systemInformationBlockType33 has different value ranges from that in SIB19, also the cellSpecifickoffset for neighboring cell measurements is missing in systemInformationBlockType33, which requires further specs update to make it aligned with NR NTN. 

Basically either providing new SIBs or reusing existng SIBs (SIB24/SIB33) can works. In case new SIBs are provided, the association between new SIB and SIB24 may still needed. In case reusing existing SIBs, SIB33 is required to be updated to provide configuration update, but may have less impact than introducing new SIBs. 
Observation 7: Either providing new SIBs or reusing existng SIBs (SIB24/SIB33) can work, while reusing existing SIBs has slightly less specs impact.

Therefore it is proposed to enhance SIB33 to include the necessary information for neighboring cell measurement on NR NTN (i.e., ntn-NeighCellConfigList of NR SIB19). Moreover, it is noticed that ntn-PolarizationUL and ta-Report IEs included in NR NTN-cofig (as highlighted in green in above citation) is only needed in connected mode, which is not needed for idle mode mobility. Therefore it doesn’t need to be included for LTE TN to NR NTN. 
Observation 8: ntn-PolarizationUL and ta-Report IEs included in NR NTN-cofig is not needed for idle mode mobility. 

Based on above, below proposal is made:
Proposal 1: sytemInformationBlockType24 and sytemInformationBlockType33 is used for reselection from EUTRA TN to NR NTN, with below enhancements:
Include satellite assisting information (e.g., satellite ids) in sytemInformationBlockType24
Allow broadcast sytemInformationBlockType33 in LTE TN, and enhance sytemInformationBlockType33 to align with the parameters provided in SIB19 for neighboring cell measurements (e.g., updating value range of common TA parameters, etc. ) .
SMTC adjustment
For NR NTN below enhancements are supported: parallel SMTCs and autonoumous adjustment of SMTC timing. 

For autonomous SMTC adjustment, it has been agreed in RAN2 that for UE in idle/inactive, it is UE to compensate the UE-gNB propagation delay based on UE location and assisting information provided in SIB19, which includes ephemeris info, common TA parameters, Kmac as well as koffset. The same principle can be applied here. 

Observation 9: In NR NTN, UE in idle/inactive adjust autonomously the SMTC timing assuming the gNB-UE propagation delay difference between the serving cell and neighbour cells equals to 0 ms based on satellite assisting information, which can be reused for neighboring cell measurements for reselection from LTE TN to NR NTN.

Proposal 2: For neighboring cell measurements for reselection from LTE TN to NR NTN, UE autonomously adjusts the SMTC timing assuming the gNB-UE propagation delay difference between the serving cell and neighbour cells equals to 0 ms. 

---------------------------------------------------------------From 38331 --------------------------------------------------------------

	smtc4list
Measurement timing configuration list for NTN deployments, see clause 5.5.2.10. The offset of each SSB-MTC4 in smtc4list is based on the assumption that the gNB-UE propagation delay difference between the serving cell and neighbour cells equals to 0 ms, and UE can adjust the actual offset based on the actual propagation delay difference. For a UE that supports less SMTCs than what is included in this list, it is up to the UE to select which SMTCs to consider.


---------------------------------------------------------------From 38331 --------------------------------------------------------------

Then the remaining issue here is whether to support parallel SMTCs as in NR NTN. Currently in NR, the support pf multiple SMTCs depends on UE capability (i.e., parallelSMTC-r17). For UE doesn’t support this capability, it can only use less SMTCs for performing measurements. Considering multiple SMTCs has not been supported in EUTRA, to support multiple SMTCs may introduced more specs impacts in EUTRA system information. 
Observation 10: Parallel SMTCs is not supported in EUTRA, and is optionally supported in NR. To support parallel SMTCs could introduce additional EUTRA specs impact. 

In our understanding the support of parallel SMTCs is due to the assumption that a NTN serving cell may have neighboring NTN cells of different target satellite, where the SMTCs could be very different. However for a EUTRA TN cell with relatively small coverage, the NTN neighboring cells could be limited, therefore the enhancements on parallel SMTCs for inter-RAT scenario may not be so essential. 

Observation 11: Due to relatively small coverage of EUTRA TN cell, the neighboring NTN cell for a EUTRA TN cell is limited, where supporting multiple SMTCs is not so essential. 
Based on above, below proposal is made: 
Proposal 3: Parallel SMTCs is not supported for inter-RAT cell reselection from LTE TN to NR NTN.

Conclusion and proposals

Based on above analysis, we have the following observations and proposals: 

Observation 1: The key issues to be discussed to support LTE TN reselects to NR NTN are summarized in below:

Issue 1: NR satellite neighboring cell information/frequency information provision in LTE

Issue 2: SMTC adjustment in order for UE to perform neighboring cell measurements

On NR satellite assisting information provision.
Observation 2: NR TN to NR NTN mobility is done by provide SIB19 containing NTN neighboring cell information in TN, which contains NTN-Config and frequency and PCI of neighboring cells. 

Observation 3: Reusing NR solution requires introduce new SIB in LTE TN, which contains all required neighboring cell measurement information (i.e., ntn-NeighCellConfigList, ntn-NeighCellConfigListExt of NR SIB19) for cell reselection. 
Observation 4: IoT NTN UE performs intra-frequency neighboring cell measurements based on satellite assisting information included in SIB3/SIB5, while inter-RAT neighboring cell measurements is based on configuration provided in SIB3/SIB24, and SIB24 doesn’t contain satellite assisting information. 
Observation 5: Reusing IoT NTN solution requires including satellite id in systemInformationBlockType24 as well as allowing provide systemInformationBlockType33 in EUTRA TN. 

Observation 6: The common TA parameters included in systemInformationBlockType33 has different value ranges from that in SIB19, also the cellSpecifickoffset for neighboring cell measurements is missing in systemInformationBlockType33, which requires more specs update to make it aligned with NR NTN. 

Observation 7: Either providing new SIBs or reusing existng SIBs (SIB24/SIB33) can work, while reusing existing SIBs has slightly less specs impact.

Observation 8: ntn-PolarizationUL and ta-Report IEs included in NR NTN-cofig is not needed for idle mode mobility. 

Proposal 1: sytemInformationBlockType24 and sytemInformationBlockType33 is used for reselection from EUTRA TN to NR NTN, with below enhancements:
Include satellite assisting information (e.g., satellite ids) in sytemInformationBlockType24
Allow broadcast sytemInformationBlockType33 in LTE TN, and enhance sytemInformationBlockType33 to align with the parameters provided in SIB19 for neighboring cell measurements (e.g., updating value range of common TA parameters, etc. ) .
On SMTC
Observation 9: In NR NTN, UE in idle/inactive adjust autonomously the SMTC timing assuming the gNB-UE propagation delay difference between the serving cell and neighbour cells equals to 0 ms based on satellite assisting information, which can be reused for neighboring cell measurements for reselection from LTE TN to NR NTN.

Observation 10: Parallel SMTCs is not supported in EUTRA, and is optionally supported in NR. To support parallel SMTCs could introduce additional EUTRA specs impact. 

Observation 11: Due to relatively small coverage of EUTRA TN cell, the neighboring NTN cell for a EUTRA TN cell is limited, where supporting multiple SMTCs is not so essential. 

Proposal 2: For neighboring cell measurements for reselection from LTE TN to NR NTN, UE autonomously adjusts the SMTC timing assuming the gNB-UE propagation delay difference between the serving cell and neighbour cells equals to 0 ms. 
Proposal 3: Parallel SMTCs is not supported for inter-RAT cell reselection from LTE TN to NR NTN.
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