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1	Introduction
A new WI on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86, with an updated WID approved at RAN#88 [1]. The WI aims to specify the following control plane enhancements:
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].
· 
· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)

· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]
Agreements from previous RAN2 meetings that are relevant (or semi-relevant) for SMTC in RRC_IDLE and RRC_INACTIVE state:
Relevant agreement from RAN2 #113e:
1. The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.    

Relevant agreements from RAN2 #116e:
Agreements via email - from offline 103 (second round):
1. UE assistance information for NTN SMTC adjustments is event-triggered. Details of the triggering event are FFS (pending the decision on supported assistance information type).
2. RAN2 aims to minimize the number of configurable measurement gaps required for monitoring configured SMTCs in NTN. At least gap length and UE capabilities impact the number of required measurement gaps.
3. UE-based solution for SMTC adjustments in NTN is supported for IDLE/INACTIVE UEs. FFS how does the UE perform the necessary shifts in SMTC.

Relevant agreements from RAN2 #116bis-e:
1. A new NTN-specific SIB is introduced (SIBx), scheduled by SIB1
2. Introduce the following serving cell information to the corresponding SIBx (scheduled by SIB1):
	- Ephemeris;
	- common TA parameters;
	- validity duration for UL sync information;
	- t-Service;
	- cell reference location;
	- Epoch time.
	Also send a LS to RAN1 asking whether some parameters might be sent more frequently
	
Agreements via email - from offline 103 - third round
1. Update of ephemeris and common TA information does not affect the value tag and does not trigger SI modification procedure.
2. The ntnUlSyncValidityDuration applies to the whole SIBX. UE acquires the updated SIBX when the timer expires. FFS whether to also include it in the LS to RAN1. FFS if this applies only to Connected mode or to idle mode UE as well

Relevant agreements from RAN2 #117e:
1. RAN2 assumes that in addition to the ephemeris information, assistance information is needed for UE-based SMTC adjustment in idle and inactive mode. (FFS on the option to enable this)

1. SMTC offset and change rate is needed to assist UE-based SMTC adjustment in idle and inactive mode (FFS on the signalling details, e.g. whether to broadcast feeder link delay difference or something different)

1. RAN2 should wait RAN1 response before progressing on discussing SIB1 NTN specific content.
1. Current SIBxx serving cell content can be adopted as baseline and RAN2 should wait RAN1 response before progressing on discussing further SIBxx NTN specific content.
1. At least neighbour cell Ephemeris information shall be broadcast. FFS on other information about neighbour cells
1. ntnUlSyncValidityDuration applies both to connected mode and idle mode

The details regarding how SMTC is configured for RRC_IDLE and RRC_INACTIVE state remains to be agreed. This contribution addresses this lack with discussion, proposals as well as a suggested first shot at the ASN.1 code.
Discussion
General
In the broadcast system information in each cell, the serving gNB provides SMTC information to facilitate for UEs in RRC_IDLE and RRC_INACTIVE state to measure on SSBs in neighbor cells.
Since neighbor cells may be served by different satellites, resulting in different UE-gNB propagation delays, different SMTCs may have to be provided for different neighbor cells (even if the SSB transmissions as such may be synchronized between different gNBs). 3GPP has agreed that an NTN UE is required to support at least two parallel (i.e. configured in the UE and simultaneously actively applied) SMTCs, and may support up to four parallel SMTCs.
Differences between SMTC for RRC_IDLE/RRC_INACTIVE state and SMTC for RRC_CONNECTED state
An important difference from SMTC provided to a UE in RRC_CONNECTED state is that the SMTC broadcast in the system information cannot be adapted to a specific UE’s location. As a consequence, the broadcast SMTC either has to have so large margins that it is valid in the entire cell or be defined in a way that allows each UE to adapt the SMTC to fit the UE’s own location.
In RRC_IDLE and RRC_INACTIVE state, the SMTCs cannot be UE specific with tailoring for the UE’s location.
An SMTC for RRC_IDLE and RRC_INACTIVE state has to either allow UE autonomous adaptation to the UE’s location or include large enough margins to be valid in the entire cell.
Of these two options for SMTC for RRC_IDLE and RRC_INACTIVE state, providing excessive margins is suboptimal and hence it is preferred to design the SMTC in a way that allows a UE to autonomously adapt the SMTC to its own specific location.
SMTC for RRC_IDLE and RRC_INACTIVE state should be designed in a way that allows a UE to autonomously adapt the SMTC to its own specific location. 
Another important difference is that in RRC_IDLE and RRC_INACTIVE state, the SMTC does not have to be synchronized with the serving gNB (since in RRC_IDLE/RRC_INACTIVE state the gNB does not configure any matching measurement gaps).
In RRC_IDLE and RRC_INACTIVE state, the SMTC does not have to be synchronized with the serving gNB.
This allows the SMTC to be dynamic in flexible ways without risk of causing problems due to imperfect synchronization with the serving gNB. Thus, the SMTC can include information about continuous time drift, and the UE can also be allowed to perform autonomous adaptations of the SMTC to extend the time until it has to acquire updated SMTC(s) from the serving gNB. Agreements in line with this have been made in RAN2, including that drift information may be included in the SMTC. However, for the Common TA configuration, RAN2 recognized that predictions can be improved, and the associated validity time can be prolonged if the drift (i.e. the first time derivative) is complemented by the drift variation (i.e. the second time derivative). Similar benefits may be reaped if both drift (first time derivative) and drift variation (second time derivative) are included in the SMTC for RRC_IDLE and RRC_INACTIVE state.
The SMTC for RRC_IDLE and RRC_INACTIVE state should include both drift (first time derivative) and drift variation (second time derivative). 
Autonomous UE adaptations of an SMTC for RRC_IDLE and RRC_INACTIVE state will rely on the UE’s autonomously obtained location information together with ephemeris data of the involved neighbor satellite(s) (and the actual broadcast SMTC). The neighbor satellite ephemeris data used by a UE in RRC_IDLE or RRC_INACTIVE state may be used for adaptation of SMTC (where the window configuration has a granularity of 1 ms) and direction of a receiver beam (when applicable depending on UE implementation), but not for calculation of a UE specific TA. Hence, the neighbor satellite ephemeris data does not have to be as accurate as the ephemeris data provided for the serving satellite (i.e. the satellite serving the serving cell) and can thus have a much longer validity time.
The broadcast neighbor satellite ephemeris data can be less accurate and have much longer validity time than the ephemeris data associated with the serving satellite.
Proposed design for SMTC for RRC_IDLE and RRC_INACTIVE state
The above identified differences and proposals lead up to a design for SMTC for RRC_IDLE and RRC_INACTIVE state that allows UE autonomous adaptation and relatively long validity time. This can be achieved with the following design.
It is assumed that the SMTC duration and periodicity is the same for all SMTC(s), following the principle agreed for SMTC in RRC_CONNECTED state (if this would turn out not to be the case, overriding optional per cell group duration and periodicity may be present). Thus, the time offset to apply is the only time related part that differs between SMTCs.
For each neighbor NTN cell group, the serving gNB configures a dynamic offset with an initial offset, first time derivative (i.e. drift) and second time derivative (i.e. drift variation), and a validity time (where the validity time may take feeder link switches into account). For each cell group, this configuration is provided for one reference location, which is located in the satellite serving the cell group. Each UE can then modify the SMTC:s to fit the UE’s location by shifting the broadcast SMTC offset a time equal to the propagation delay between the neighbor satellite and the UE, which is calculated based on the broadcast satellite ephemeris data and the UE’s autonomously measured location (e.g. measured using GNSS). Note that the neighbor satellite also may be the UE’s serving satellite if the group of cells associated with the SMTC are served by the UE’s serving satellite.
RAN2 should adopt the above described design for SMTC for RRC_IDLE and RRC_INACTIVE state, where the serving gNB (in addition to periodicity and duration) broadcasts offset, offset drift and offset drift variation for a reference location located at the satellite serving the cell group the SMTC is valid for. 
Choice of SIB for SMTC(s) for RRC_IDLE and RRC_INACTIVE state
The SMTC(s) to be used in RRC_IDLE and RRC_INACTIVE mode may be included in the agreed NTN-specific SIB (commonly referred to as “SIBxx”) or in another NTN-specific SIB (herein denoted as “SIByy”) or in one of the legacy SIBs that include information related to neighbor cell reselection.
If it is included in a legacy SIB, the legacy SIB would be “contaminated” with NTN-specific data, which would negatively impact the use of these SIBs in terrestrial networks, since even though the NTN-specific IEs would be absent, the absence of the optional IE(s) would be indicated by one or more single-bit flag(s). This would create a small additional overhead, but more important is that it would impact the pure TN UEs. It would clearly be better to place the NTN-specific SMTC information in an NTN-specific SIB.
Both neighbor satellite ephemeris data and SMTC(s) for RRC_IDLE and RRC_INACTIVE state are related to neighbor cells and/or neighbor satellites, and the UE relies on the neighbor satellite ephemeris data to use (i.e. adapt) the SMTC(s). Hence, broadcasting neighbor satellite ephemeris data and SMTC(s) for RRC_IDLE and RRC_INACTIVE state in the same SIB is a natural choice. According to the observation above, the broadcast neighbor satellite ephemeris data can be less accurate and have much longer validity time than the ephemeris data associated with the serving satellite (since it will not be used for calculation of a UE specific TA). In addition, acquisition of the SMTC(s) for RRC_IDLE and RRC_INACTIVE state when a UE enters a new cell is not time critical. According to TS 38.304, a UE in RRC_IDLE or RRC_INACTIVE state cannot perform cell re-selection to a new cell until it has spent at least 1 second in the current serving cell. This clearly allows comparatively long broadcast periodicity for the SMTC(s) for RRC_IDLE and RRC_INACTIVE state as well as the neighbor satellite ephemeris data. Since SIBxx contains more time critical data and will need comparatively short broadcast periodicity, and since, according to agreement, the validity time ntnUlSyncValidityDuration applies to the entire SIBxx, it would be suboptimal to include the neighbor satellite ephemeris data and SMTC(s) for RRC_IDLE and RRC_INACTIVE state in SIBxx. Better would be to introduce a new NTN-specific SIB for this purpose, i.e. to include the neighbor satellite ephemeris data and SMTC(s) for RRC_IDLE and RRC_INACTIVE state in a new NTN-specific SIByy. This would also be in line with what has been agreed for IoT NTN.
Introduce an additional NTN-specific SIB (SIByy), which includes the neighbor satellite ephemeris data and SMTC(s) for RRC_IDLE and RRC_INACTIVE state. 
ASN.1
It is yet an open issue how to capture the neighbor satellite ephemeris data and the SMTC(s) for RRC_IDLE and RRC_INACTIVE state in ASN.1 code in TS 38.331. The following is a first shot at ASN.1 code to capture the neighbor satellite ephemeris data and SMTC(s) for RRC_IDLE and RRC_INACTIVE state, which is to be included in the new NTN-specific SIByy.
-- ASN1START
-- TAG-NEIGHBOURNTNCELLINFO-START

NeighbourNtnCellInfo ::=            SEQUENCE {
    ntnCellReselectionInfoCommon        SEQUENCE {
        ...                                             -- Here we could include things like hysteresis, T-reselection etc.
    },
    commonSmtcEpochTimeAsUTC            INTEGER (0..549755813887)     OPTIONAL, 
    ntnNeighbourInfoValidityTime        INTEGER (0..maxNtnNeighborInfoValidityTime),  -- Unit: seconds
    smtcAndNeighbourNtnCellInfoList     SEQUENCE (SIZE (1..maxNoOfSMTCs)) OF SMTC-AndNeighbourNtnCellInfo
}

SMTC-AndNeighbourNtnCellInfo ::=    SEQUENCE {
    smtc                                SSB-MTC5,
    smtcEpochTimeAsUTC                  INTEGER (0..549755813887)     OPTIONAL,
    neighbourEphemeris                  CHOICE {
        lowAccuracyEphemeris                LowAccuracyEphemeris,
        servingSatelliteEphemeris           BOOLEAN
    },
    frequenciesWithCells                 SEQUENCE (SIZE (1..maxNoOfCellsPerSatellite)) OF FrequencyWithCells
}

FrequencyWithCells ::=              SEQUENCE {
    dl-CarrierFreq                      ARFCN-ValueNTN,
    cells                               SEQUENCE (SIZE (1..maxNoOfCellsPerSatellite)) OF NeighbourNtnCell
}

NeighbourNtnCell ::=                 SEQUENCE {
    pci                                 PhysCellId,
    t-ServiceEndTimeAsUTC               INTEGER (0..549755813887)     OPTIONAL,   -- Cond pseudoEarthFixedCell
    t-ServiceStartTimeAsUTC             INTEGER (0..549755813887)     OPTIONAL,   -- Cond pseudoEarthFixedCellAndTserviceStartInFuture
    ...
}

SSB-MTC5 ::=                  SEQUENCE {
    offset-r17                    INTEGER (0..159),  -- Unit: subframes
    offsetDrift-r17               INTEGER (maxMinusOffsetDrift..maxOffsetDrift), 
    offsetDriftVariation-r17      INTEGER (maxMinusOffsetDriftVariation..maxOffsetDriftVariation),
    periodicity-r17               ENUMERATED {sf5, sf10, sf20, sf40, sf80, sf160},
    duration-r17                  ENUMERATED {sf1, sf2, sf3, sf4, sf5},
    ...
}
                                           
-- TAG-NEIGHBOURNTNCELLINFO-STOP
-- ASN1STOP

	NeighbourNtnCellInfo field descriptions

	commonSmtcEpochTimeAsUTC
This field indicates an epoch time in the form of a UTC indication. The field may be present if the same epoch time (indicated by this field) applies to multiple SMTCs, i.e. to multiple configured instances of SMTC-AndNeighbourNtnCellInfo (or if there is only a single configured SMTC). See further NOTE 1.

	ntnNeighbourInfoValidityTime
This field indicates the validity time of the neighbour information represented by the satellite ephemeris data and the SMTC offset related parameters. The validity time is indicated in seconds, and it is measured from the epoch time indicated by commonSmtcEpochTimeAsUTC, smtcEpochTimeAsUTC (or the epochTime in NTN-Config in SIBXX if the neighbor information is related to neighbor cells served by the UE’s serving satellite).

	lowAccuracyEphemeris
The details of this field are FFS. The lowAccuracyEphemeris field should leverage the largest tolerable satellite position error margin, to allow as infrequent reacquisition of the information as possible, both the UE's reacquisition from the SI and the gNB's reacquisition of this information pertaining to the neighbor satellites. Note that the tolerable satellite position error margin may be greater for high orbit altitudes than for low orbit altitudes, and this could be leveraged in the definition of the LowAccuracyEphemeris IE.

	offset
This field indicates the offset (relative the start of SFN = 0) of the start of the SMTC window in number of subframes. FFS if this field can be replaced by reusing the offset part of the periodicityAndOffset in SSB-MTC.

	offsetDrift
This field indicates the drift (time derivative) of the offset in units of 0.2×10^(-3) μs⁄s.

	offsetDriftVariation
This field indicates the drift variation (second time derivative) of the offset in units of 0.2×10^(-4) μs⁄s^2.

	servingSatelliteEphemeris
This field indicates whether the neighbor satellite ephemeris data is equal to the serving satellite’s ephemeris data (i.e. whether the neighbor satellite is identical with the UE’s serving satellite). If the field is set to “true”, this indicates that the neighbor satellite is the same as the serving satellite, i.e. the cells associated with this SMTC are served by the same satellite as the UE’s current serving cell. If the field is set to “true”, the UE should use the epochTime in NTN-Config in SIBXX, regardless of the presence of commonSmtcEpochTimeAsUTC and smtcEpochTimeAsUTC.

	smtc
This field is of type SSB-MTC5, which should be included in the overall SSB-MTC ASN.1 definition. FFS if this should rather be realized by adding optional offsetDrift-r17 and offsetDriftVariation-r17 parameters to the SSB-MTC4 definition. FFS if the periodicityAndOffset and duration may be reused from the SSB-MTC (adding only offsetDrift and offsetDriftVariation). 

	smtcEpochTimeAsUTC
This field indicates an epoch time in the form of a UTC indication. If the field is present and commonSmtcEpochTimeAsUTC is also present, and servingSatelliteEphemeris is not set to “true”, the field (i.e. smtcEpochTimeAsUTC) overrides commonSmtcEpochTimeAsUTC. If neither commonSmtcEpochTimeAsUTC nor smtcEpochTimeAsUTC is present, and servingSatelliteEphemeris is not set to “true”, the UE uses the start of the SI-window in which the NeighbourNtnCellInfo was received as the epoch time. If servingSatelliteEphemeris is set to “true”, the UE uses the epochTime in NTN-Config in SIBXX, regardless of the presence of commonSmtcEpochTimeAsUTC and smtcEpochTimeAsUTC. See further NOTE 1.

	t-ServiceEndTimeAsUTC
This field indicates the end of the service time of a neighbour NTN cell in the form of a UTC indication. The field may be present if the neighbour NTN cell is a quasi-earth-fixed cell. See further NOTE 1.

	t-ServiceStartTimeAsUTC
This field indicates the start of the service time of a neighbour NTN cell in the form of a UTC indication. The field may be present if the neighbour NTN cell is a quasi-earth-fixed cell and its service time has not started yet. See further NOTE 1.



NOTE 1: The field indicates the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The UE may turn UTC into GPS time as follows: GPS time (in seconds) = UTC (in seconds) -2,524,953,600 (seconds) + leap seconds, where 2,524,953,600 is the number of seconds between 00:00:00 on Gregorian calendar date 1 January, 1900, and 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).

	Conditional presence
	Explanation

	pseudoEarthFixedCell
	The field may be present if associated with a quasi-earth-fixed cell. Otherwise the field is absent.

	pseudoEarthFixedCellAndTserviceStartInFuture
	The field may be present if associated with a quasi-earth-fixed cell and the cell’s sercie time starts in the future (i.e. current UTC < t-ServiceStartTimeAsUTC < t-ServiceEndTimeServingCellAsUTC).




Adopt the above ASN.1 code (including field descriptions and conditional presence explanations) for inclusion in a new NTN-specific SIByy, or use it as a starting point for drafting of the ASN.1 code. 


Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN2 needs to consider how tservice (or eventually the location) is accommodated to the cell reselection.
Observation 2	The RAN1 conclusion is to provide all ephemeris in broadcast information.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 discuss how to apply tservice in the ranking rules for cell reselection.
Proposal 2	RAN2 needs to discuss the mechanism or behavior how RRC_IDLE/RRC_INACTIVE UE chooses SMTCs to measure, from all SMTCs broadcasted by network.
Proposal 3	RAN2 to agree that possible pre-configuration is not further discussed in release 17.
Proposal 4	RAN2 to conclude that for each satellite for which the ephemeris data is broadcast, the network can broadcast a list of cells served by the satellite.
Proposal 5	RAN2 should start by defining the camped normally cell’s ephemeris and see then what is needed about neighbour cells/satellites.
Proposal 6	RAN2 whether current size of RMSI is still ok or if scheduling of RMSI should be done such that it provides updated info while reducing total overhead.
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