3GPP TSG-RAN WG2 Meeting #126	 R2-2404211
Fukuoka, Japan, May 20th – 24th, 2024

Agenda Item:	8.8.6
Source: 	CATT
Title: 	Support of Idle Mode Mobility from EUTRA TN to NR NTN
Document for: 	Discussion and Decision
[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Below conclusions were reached in RAN2 #125bis on the idle mode mobility from EUTRA TN to NR NTN [1]: 
Agreement:
1. For idle mode mobility from LTE to NR NTN, at least normal LTE UE are in scope. Can come back in the next meeting to check if also eMTC UE and NB-IoT UEs could also be considered in scope
Working Assumption:
2. We don’t introduce multiple SMTCs in LTE
This contribution will carry out further analyses on how to support the idle mode mobility from EUTRA TN to NR NTN, and provide proposals in detail.
Discussion
Applicable UEs 
From RAN2 #125bis conclusion, whether eMTC UE and NB-IoT UEs could also be considered in the scope of this EUTRA TN to NR NTN mobility WI is left FFS. 
According to TS 36.300 [2], it specifies that the BL UE/NB-IoT UE is not support interworking with NR including reselection to NR.
	[bookmark: _Toc37760331][bookmark: _Toc46498567][bookmark: _Toc52490880][bookmark: _Toc162964042][bookmark: _Toc20403347][bookmark: _Toc29372853][bookmark: _Toc37760816][bookmark: _Toc46499056][bookmark: _Toc52491369][bookmark: _Toc162964536]10.2.6	Idle mode Inter-RAT Cell Selection to/from NB-IoT
NB-IoT may provide assistance information for inter-RAT cell selection to E-UTRAN/GERAN and E-UTRAN may provide assistance information for inter-RAT cell selection to NB-IoT. A UE may use the assistance information provided by the network for cell selection to/from NB-IoT.
23.7a	Support of Bandwidth Reduced Low Complexity UEs
A bandwidth reduced low complexity (BL) UE can operate in any LTE system bandwidth but with a limited channel bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHz LTE system) in downlink and uplink. Interworking with NR is not supported by BL UE (e.g. functions like NR measurement reporting, reselection to NR, handover to NR, redirection to NR are not supported).


Observation 1: Mobility from LTE to NR is not supported for NB-IoT UE and BL UE in the current Specs.
Now that the LTE to NR mobility is even not supported for TN, there is not any need to consider the idle mobility from LTE TN to NR NTN for eMTC UE and NB-IoT UE either.
Proposal 1:	For idle mode mobility from EUTRA TN to NR NTN, neither eMTC UEs nor NB-IoT UEs are considered in the scope.
Preliminaries on cell reselection from NR TN to NR NTN 
Idle mode mobility from TN to NTN for NR is supported in TS 38.331 [3] and can be illustrated with the flow chart as follows:


Figure 1: mobility procedure from TN to NTN for NR
· Step 0: SI reception. 
The UE shall receive the SI broadcast by the serving TN cell, including SIB2/3/4 (which include the cell reselection information for NTN neighbour cells related to, e.g. frequency information, SMTC configuration, etc.) and SIB19 (including the satellite assistance information for NTN neighbor cell provided by ntn-NeighCellConfigList)
· Step 1: Neighbor cell measurement initiation 
This is done based on RRM measurement as in legacy i.e. same as cell reselection to TN cells. Even though location-based and time-based neighbor cell measurement initiation enhancement has been introduced for NTN, it is only used when the serving cell is an NTN cell. When the serving cell is a TN cell, the neighbor cell measurement initiation is performed only based on RRM measurement as legacy, i.e. same as cell reselection to TN cells.
· Step 2: NTN neighbor cell measurement. 
Upon the initiation of neighbor cell measurement, the UE shall perform the neighbor cell measurement. For an TN cell, the UE performs measurement based on the SMTC configured in SIB2/4. But for NTN neighbor cells, the additional part is UE autonomous adjustment on the measurement SMTC based on the SMTC configuration provided in SIB2/4 and the propagation delay between the UE and the gNB which calculated by the satellite assistance information provided in SIB19..
· Step 3: Cell reselection evaluation, 
UE shall perform cell reselection as in legacy based on the RRM measurement of the neighbor cells.
Observation 2: The cell reselection from NR TN to NR NTN is already supported in NR Spec, and consists of the following key parts:
· Step 0: SI reception (cell reselection related information from SIB2/3/4 and satellite assistance information in SIB19);
· Step 1: Neighbor cell measurement initiation (based on RRM measurement results i.e. same as cell reselection to TN cells in legacy);
· Step 2: NTN neighbor cell measurement (with UE autonomous SMTC adjustment based on SMTC configuration in SIB2/4 and satellite assistance information in SIB19);
· Step 3: Cell reselection evaluation (as in legacy based on RRM measurement results).
Discussion on cell reselection from EUTRA TN to NR NTN 
As per the "NOTE" in the WID [4], 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". With analogy to the above procedure for NR TN to NR NTN cell reselection illustrated above, we further discuss and evaluate the impact on LTE Spec step by step, in the context of EUTRA TN to NR NTN cell reselection.
· Step 0: SI reception.
Based on NR NTN, UE shall acquire the cell reselection information for the NTN cell and the satellite assistance information for the NTN cell. Below, the necessary information for NR NTN neighbor cell that needs to be broadcast by an EUTRA TN cell is discussed.
1) Cell reselection related information (e.g. frequency info, SMTC config, etc.)
Currently, the NR cell information for inter-RAT cell reselection is provided in SIB24, which could be reused to provide the NR NTN cell reselection related information. Separate SIB is not needed to be introduced to include the NR NTN cell reselection information.
Proposal 2: SIB24 is reused to provide the NR NTN cell reselection related information (e.g. frequency information, SMTC config, etc.).
2) Satellite assistance information
The satellite assistance information could help the UE to adjust the SMTC that is actually measured by the UE for NTN neighbor cells.
· Information needed on satellite assistance information
In TS 38.331, the NR satellite assistance information is provided in SIB19, the assistance information for each NTN neighbor cell is as follows:
	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
}
NTN-Config-r17 ::=             SEQUENCE {
[bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK167][bookmark: OLE_LINK168]    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
[bookmark: OLE_LINK2]    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
}
EphemerisInfo-r17 ::=          CHOICE {
    positionVelocity-r17           PositionVelocity-r17,
    orbital-r17                    Orbital-r17
}


We can conclude that besides the information needed by the UE for SMTC adjustment (i.e. epochTime, kmac, ta-Info , ephemerisInfo), NR NTN-Config could also provide ntn-UlSyncValidityDuration/ cellSpecificKoffset/ntn-PolarizationDL/ ntn-PolarizationUL/ ta-Report additionally from the signaling structure point view. By contrast, the cellSpecificKoffset/ntn-PolarizationUL/ ta-Report are used for UL transmission, and thus is not needed as the neighbor cell for cell reselection procedure. As for ntn-UlSyncValidityDuration, it is used to control the validity for the assistance information which is equivalent to the neighValidityDuration configured in SIB33 for IoT NTN. Additionally the ntn-PolarizationDL is needed for NR NTN to indicate the antenna type.
As the target cell is an NR NTN cell, the satellite assistance information shall follow the information provided in SIB19 as specified in TS 38.331 [3]; it should include: Satellite ephemeris information, TA common information, k-Mac, epoch time, validity duration, and ntn-PolarizationDL.
Proposal 3: To support the idle mode mobility from EUTRA TN to NR NTN, the satellite assistance information for NR NTN neighbor cells is needed and should include the following parameters:
· Satellite ephemeris information
· TA common information
· k-Mac
· epoch time
· validity duration
· ntn-PolarizationDL.
According to principle of reusing "the existing signaling introduced for IoT-NTN to the maximum extent" as specified in [4], we can take the existing signaling defined in TS36.331 [5] as the baseline for discussion. 
Currently, SIB33 defined in 36.331 contains satellite assistance information for neighbor IOT NTN cells. The assistance information for each neighbor satellite is as follows:
	NeighSatelliteInfo-r18 ::=	SEQUENCE {
	satelliteId-r18				SatelliteId-r18,
	ephemerisInfo-r18				CHOICE {
		stateVectors-r18				EphemerisStateVectors-r17,
		orbitalParameters-r18			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
	...
}


We can conclude the IoT NTN neighbor cell information could provide the assistance information needed by UE for SMTC adjustment (including Satellite ephemeris information, TA common information, k-Mac, epoch time, validity duration). The t-ServiceStartNeigh is used for time-based neighbor cell measurement initiation. Considering time-based neighbor cell measurement initiation is only supported when the serving cell is IoT NTN, it is hence not needed when the serving cell is an EUTRA TN cell.
Compared with the necessary satellite assistance information needed for NR NTN as in Proposal 3, we can find current SIB33 does not include the ntn-PolarizationDL configuration.
Observation 3: Current satellite assistance information defined in SIB33 in TS36.331 does not include the ntn-PolarizationDL, which is needed for NR satellite.
Besides, the Ephemeris information/ epoch time/ k-mac/validity duration defined in SIB33 for IoT NTN has the same value range as that defined in NTN-Config for NR NTN, hence these parameters could be reused for NR NTN. However, the TA common configuration has a different value range.
Observation 4: Current satellite assistance information defined in SIB33 for IoT NTN has the same value range as that defined in TS38.331 for NR NTN, except for the TA common related configurations.
Based on above observation we can make the following proposal for how to define the NR satellite assistance information in TS 36.331 [5].
Proposal 4: The Ephemeris information/epoch time/k-mac/validity duration defined in SIB33 specified in TS36.331 should be reused for NR satellite assistance information.
Proposal 5: The ntn-PolarizationDL and TA common related configurations within NTN-Config specified in TS38.331 should be introduced in TS36.331 for NR satellite assistance information.
· Granularity of the satellite assistance information
In TS 36.331 [5], the satellite assistance information for neighbor cell is provided per satellite, and a satellite ID list is provided per frequency in SIB3/5. However in TS 38.331 [3] the satellite assistance information is provided per neighbor cell. Considering that multiple cells may share the same satellite assistance information, providing the assistance information per satellite as in IoT NTN design is more efficient. So we suggest providing the NR satellite assistance information in a per-satellite manner, and a satellite ID list is introduced in SIB24 per frequency.
Proposal 6: The EUTRA cell provides the satellite assistance information for NR neighbor cell per satellite, as identified by the satellite ID. Introduce a satellite ID list in the SIB24 per frequency.
· How to provide the NR satellite assistance information (e.g. new SIB or existing SIB)
Another issue is how to provide the NR satellite assistance information to UE. Following options could be taken into consideration.
· Option 1: Introduce a new SIB to include the NR satellite assistance information.
· Option 2: Define a new IE to include the NR satellite assistance information, and define separate NR neighbour satellite information list in SIB33 to include the NR satellite assistance information.
· Option 3: Extend the NeighSatelliteInfo defined for IoT NTN to include also the parameters needed for NR satellite, i.e. making it possible to include eithter NR or IoT NTN satellite assistance information in the current neighSatelliteInfoList defined in SIB33.
Comparing the 3 options, we find option 1 may lead to most spec impacts, but it has the less impact for UE behavior, e.g. the UE supporting IoT NTN could read information in SIB33 only. Option 2 and option 3 do not need to introduce a new SIB, but they make the UE which only supports IoT NTN also receive the NR information (which is completely useless). Option 3 has the less spec impact and can reuse the existing signaling to the maximum extend, but considering the maximum satellite number (4) supported in current spec, further discussion may need to decide whether 4 is enough to support IoT and/or NR NTN neighbor satellites.
Proposal 7: RAN2 further down-selects the following options on how to provide the NR satellite assistance information:
· Option 1: Introduce a new SIB to include the NR satellite assistance information.
· Option 2: Define new IE for NR satellite assistance information and define separate neighbour satellite information list to provide the NR satellite information in SIB33.
· Option 3: Extend the NeighSatelliteInfo defined for IoT NTN to include the parameters needed for NR satellite, and reuse the neighSatelliteInfoList defined in SIB33 to provide either NR or IoT NTN information.
· Step 1:Neighbor cell measurement initiation
In NR, the NR TN to NR NTN cell reselection is supported, where the neighbor cell measurement initiation is based on RRM measurement results as in the mobility from TN to TN. Considering UE is camped on TN cell, the cell reselection is mainly determined by the UE mobility, so the time/location-based neighbor cell measurement initiation mechanism which is introduced for NTN serving cell, is not applicable. The same mechanism as NR TN reselect to NTN should be reused for EUTRA TN reselect to NR NTN. No spec impact is foreseen, and hence we propose no UE behavior on cell reselection in TS 36.304 is needed (assuming the existing inter-RAT EUTRA to NR cell reselection procedure is already sufficient).
Proposal 8: NR NTN neighbor cell measurement initiation is performed as in legacy, i.e. based on RRM measurement as in cell reselection from EUTRA TN to NR TN. No spec impact is needed on cell reselection procedure in TS 36.304. 
· Step 2: NTN neighbour cell measurement
Currently, measTimingConfig was introduced per frequency in SIB24 for NR neighbor cell measurement. Comparing with TN, NTN introduces non-negligible SSB propagation delay. The actual timing occasions at which the UE could measure SSBs should be adjusted according to the SSB propagation delay, which is derived based on UE location and satellite assistance information. As the measTimingConfig of the NR gNB has been provided in SIB24 (which is assuming the SSB propagation delay between UE and gNB is 0ms as in TN cell) and satellite ID will be provided in SIB24 per frequency as in Proposal 6 (whose related satellite assistance information will be provided in SIB33 or new SIB as in Proposal 7), the UE could thus derive the actual timing occasion for NR NTN measurement without need of other extra information. Hence, extra information does not needed to be introduced for NR NTN neighbor cell measurement. Also, there was already working assumption in RAN2 #125bis "WA: we don’t introduce multiple SMTCs in LTE" [1], so we propose to confirm this working assumption, meaning that extension on number of measTimingConfig is not needed either.
Currently there is no clarification in the field description of the measTimingConfig that allows the UE to perform SSB measurement window adjustment, so clarification is needed in the field description of measTimingConfig when reselection to NR NTN cell is supported.
Proposal 9: Confirm the working assumption "WA: we don’t introduce multiple SMTCs in LTE". 
Proposal 10: Introduce the clarification in the field description of measTimingConfig (configured via SIB24 in TS 36.331) that it is configured based on the assumption that the gNB-UE propagation delay equals to 0 ms, and UE can adjust the offset based on the actual propagation delay, when the corresponding frequency is associated with a satellite ID. 
· Step 3: Cell reselection evaluation
In either IoT NTN or in NR NTN, currently the cell reselection evaluation only supports RRM measurement mechanism, no matter it is for cell reselection between TN and TN, NTN and NTN, TN and NTN. No big reason is foreseen to deviate from this principle, so below proposal is given.
Proposal 11: NR NTN cell reselection evaluation is based on RRM measurements as legacy; no spec impact foreseen for EUTRA TN to NR NTN cell.
Conclusion
In this contribution, the idle mode mobility from EUTRA TN to NR NTN is discussed with the following observations and proposals:
Observation 1: Mobility from LTE to NR is not supported for NB-IoT UE and BL UE in the current Specs.
Observation 2: The cell reselection from NR TN to NR NTN is already supported in NR Spec, and consists of the following key parts:
· Step 0: SI reception (cell reselection related information from SIB2/3/4 and satellite assistance information in SIB19);
· Step 1: Neighbor cell measurement initiation (based on RRM measurement results i.e. same as cell reselection to TN cells in legacy);
· Step 2: NTN neighbor cell measurement (with UE autonomous SMTC adjustment based on SMTC configuration in SIB2/4 and satellite assistance information in SIB19);
· Step 3: Cell reselection evaluation (as in legacy based on RRM measurement results).
Observation 3: Current satellite assistance information defined in SIB33 in TS36.331 does not include the ntn-PolarizationDL, which is needed for NR satellite.
Observation 4: Current satellite assistance information defined in SIB33 for IoT NTN has the same value range as that defined in TS38.331 for NR NTN, except for the TA common related configurations.

Proposal 1:	For idle mode mobility from EUTRA TN to NR NTN, neither eMTC UEs nor NB-IoT UEs are considered in the scope.
Proposal 2: SIB24 is reused to provide the NR NTN cell reselection related information (e.g. frequency information, SMTC config, etc.).
Proposal 3: To support the idle mode mobility from EUTRA TN to NR NTN, the satellite assistance information for NR NTN neighbor cells is needed and should include the following parameters:
· Satellite ephemeris information
· TA common information
· k-Mac
· epoch time
· validity duration
· ntn-PolarizationDL.
[bookmark: _GoBack]Proposal 4: The Ephemeris information/epoch time/k-mac/validity duration defined in SIB33 specified in TS36.331 should be reused for NR satellite assistance information.
Proposal 5: The ntn-PolarizationDL and TA common related configurations within NTN-Config specified in TS38.331 should be introduced in TS36.331 for NR satellite assistance information.
Proposal 6: The EUTRA cell provides the satellite assistance information for NR neighbor cell per satellite, as identified by the satellite ID. Introduce a satellite ID list in the SIB24 per frequency.
Proposal 7: RAN2 further down-selects the following options on how to provide the NR satellite assistance information:
· Option 1: Introduce a new SIB to include the NR satellite assistance information.
· Option 2: Define new IE for NR satellite assistance information and define separate neighbour satellite information list to provide the NR satellite information in SIB33.
· Option 3: Extend the NeighSatelliteInfo defined for IoT NTN to include the parameters needed for NR satellite, and reuse the neighSatelliteInfoList defined in SIB33 to provide either NR or IoT NTN information.
Proposal 8: NR NTN neighbor cell measurement initiation is performed as in legacy, i.e. based on RRM measurement as in cell reselection from EUTRA TN to NR TN. No spec impact is needed on cell reselection procedure in TS 36.304. 
Proposal 9: Confirm the working assumption "WA: we don’t introduce multiple SMTCs in LTE". 
Proposal 10: Introduce the clarification in the field description of measTimingConfig (configured via SIB24 in TS 36.331) that it is configured based on the assumption that the gNB-UE propagation delay equals to 0 ms, and UE can adjust the offset based on the actual propagation delay, when the corresponding frequency is associated with a satellite ID. 
Proposal 11: NR NTN cell reselection evaluation is based on RRM measurements as legacy; no spec impact foreseen for EUTRA TN to NR NTN cell.
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