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Introduction
In the latest WID of IoT NTN enhancements RP-223519 [1], the following objectives for mobility enhancements are listed:
	4.1.2	Mobility enhancements

The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
Define UE RRM core requirements for the above mobility enhancement features [RAN4].


In this contribution, we will discuss the mobility enhancements other than connected mode neighbour cell measurements, e.g., provision of neighbour cell ephemeris information and CHO enhancements for eMTC NTN.
Discussion 
Provision of neighbour cell ephemeris info in IoT NTN
For any NTN-capable UE to access a NTN network, the base station at least needs to broadcast the ephemeris information and common Timing Advance (common TA) parameters of the serving cell. The UE shall have valid GNSS position as well as the ephemeris and common TA before connecting to a NTN cell. 
Background: discussion for neighbor cell ephemeris info in NR NTN
In NR NTN, SIB19 contains not only NTN-specific parameters for serving cell (e.g., ntn-Config-r17 in SIB19) but also optionally NTN-specific parameters for neighbour cells (e.g., ntn-NeighCellConfigList-r17 and ntn-NeighCellConfigListExt-v1720 in SIB19). For reference, the contents of SIB19 are copied as below:
	TS 38.331
· SIB19
SIB19 contains satellite assistance information for NTN access.
SIB19 information element
-- ASN1START
-- TAG-SIB19-START

SIB19-r17 ::= SEQUENCE {
[bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK143]    ntn-Config-r17                  NTN-Config-r17                    OPTIONAL,       -- Need R
    t-Service-r17                   INTEGER (0..549755813887)         OPTIONAL,       -- Need R
[bookmark: _Hlk94000021]    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

	SIB19 field descriptions

	distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m.

	ntn-Config
Provides parameters needed for the UE to access NR via NTN access such as Ephemeris data, common TA parameters, k_offset, validity duration for UL sync information and epoch.

	ntn-NeighCellConfigList, ntn-NeighCellConfigListExt
Provides a list of NTN neighbour cells including their ntn-Config, carrier frequency and PhysCellId. This set includes all elements of ntn-NeighCellConfigList and all elements of ntn-NeighCellConfigListExt. If ntn-Config is absent for an entry in ntn-NeighCellConfigListExt, the ntn-Config provided in the entry at the same position in ntn-NeighCellConfigList applies.

	referenceLocation
Reference location of the serving cell provided via NTN quasi-Earth fixed system and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20].

	t-Service
Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it is currently covering. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field.



·  NTN-Config
The IE NTN-Config provides parameters needed for the UE to access NR via NTN access.
NTN-Config information element
-- ASN1START
-- TAG-NTN-CONFIG-START

NTN-Config-r17 ::=             SEQUENCE {
[bookmark: OLE_LINK168][bookmark: OLE_LINK167][bookmark: OLE_LINK153][bookmark: OLE_LINK154]    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



In [R2-2210412], company has explained why the neighbour cell ephemeris in SIB19 is essential for performing neighbour cell measurements from two aspects: 
1) To help the UE keep time/frequency synchronisation with the neighbour cell SSBs, this applies to UE in all RRC states; 
2) To help the UE adjust SMTC correctly, this applies to UEs in RRC_IDLE and RRC_INACTIVE. Without ephemeris information, the adjusted SMTC window may not cover the SSBs of the neighbour cell, and these neighbour cells should be neglected. Even if the neighbour cell SSBs are included in the SMTC, RAN4 will not define the requirements if there is no ephemeris for the corresponding neighbour cell.
However, even with above explanation, there is still concern about the necessity/essential to provide neighbor cells assistance information in SIB19 (#Issue 1). 

Moreover, in [R2-2211371], company try to clarify UE behavior based on the neighbour cell information between SIB3, SIB4, measObjectNR and SIB19 (#Issue 2). In SIB19, NTN-NeighCellConfig provides ntn-Config, carrierFreq and PCI for UE to perform neighbor cell measurement. That means, if a PCI field is configured in NTN-NeighCellConfig of SIB19, the corresponding ntn-Config is applicable to the cell with the PCI on the carrierFreq of NTN-NeighCellConfig. Moreover, as there is also neighbor cell/frequency information in legacy SIB3/SIB4 which is mainly used by UE in Idle/Inactive mode and in measurement objects (MO) which can be used by UE in connected mode for neighbor cell measurement, how to apply neighbour cell information in SIB3/4/measObjectNR and in SIB19 together is still unclear and further clarification is needed.
In [R2-2210412], company gives another proposal. As they think one satellite may serve multiple frequencies and multiple neighbour cells, they propose to add the carrier frequency list and the neighbour cell list in SIB19. In other word, they may assume UE can mainly rely on the SIB19 to decide which NTN neighbor frequency(ies) or neighbor cells can be used for measurement in idle/inactive or connected mode, no need to associate with other existing messages, e.g., SIB4 or measurement objects configuration. However, more companies think this proposal is not needed.

The following another issue (#Issue 3) is about the UE behavior when (some of) satellite assistance information of neighbour cells are absent from SIB19. Some companies suggest to clarify in Stage-2 specification that, if a frequency/cell is indicated in SIB4 or in the measurement configuration but its assistance information is not included in SIB19, this neighbour frequency/cell can be ignored by the UE when performing measurements. However, some other companies argue that, for UE in connected mode, for any measurements network wants UE to perform, network needs to provide measurement configuration with measurement object. The very core of MO is the carrier frequency what UE needs to be measuring. Hence it is unclear why the carrier frequency need to be repeatedly present in SIB19. This would be very conflicting for the UE as UE is mandated to measure according to measurement configuration but meanwhile one sentence in stage 2 is saying UE can simply ignore the frequency. The against companies may also have negative views for the Issus#1 as they think satellite assistance information of neighbour cells is just the helpful info (not essential). So missing of such helpful information cannot result in the ignorance of certain frequencies for measurement.

Finally, in latest NR NTN specification, only stage-2 spec TS 38.300 gives a high level description about how to make use of the satellite assistance information for neighbour cells for UE in RRC Idle/Inactive/Connected mode. That is:
· For a UE in Idle/Inactive mode, it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell indicated in SIB4 but not included in SIB19. 
· For a UE in Connected mode, it's up to UE implementation whether to perform NTN neighbour cell measurements on a cell included in the measurement configuration but not included in SIB19.

How to provide neighbor cell ephemeris info in IoT NTN
According to the discussion in NR NTN, in recent 3GPP meetings, some companies have proposed to also introduce satellite assistance information for neighbour cells for IoT NTN in order to improve the cell selection/reselection for an IoT NTN UE in Idle/Inactive mode or measurement performance for an IoT NTN UE in Connected mode. This has already been adopted in the objectives in the latest R18 IoT NTN WID [1].
In [R2-2212832] and [R2-2211284], some proposals have been provided with intention to introduce neighbor cell ephemeris in SIB31. The proposals apply a similar approach as that in NR NTN by introducing satellite assistance information for neighbour cells into IoT NTN's essential satellite-related system information message, e.g., SIB31. However, according to the experience in NR NTN, we think similar approach as that in NR NTN may be not suitable for IoT NTN. 

For IoT NTN, firstly, we need to note that IoT NTN differs from NR NTN in the following aspects:
· IoT NTN does not support SMTC function, so we understand the necessity or benefit of applying neighbour cell ephemeris in the neighbour cell measurement/re-selection is much less necessary for IoT NTN.
· IoT NTN system messages have a limited length, such as maximum length of SIB in NB-IoT over NTN is 680bits while maximum length of SIB in eMTC over NTN is 1000bits. This would make it very difficult to extend SIB31 to include satellite assistance information for more cells.
· In NR NTN, when UE in idle mode, it can make use of the neighbour cell ephemeris information in SIB19 for idle mode measurement. After UE enters into connected mode, the UE still can acquire the updated SIB19 to update the corresponding neighbour cell ephemeris information and further apply the information for connected mode mobility. However, different from NR NTN, firstly the IoT NTN UEs, especially the NB-IoT NTN UEs only support very simple measurement and mobility functions, for example, R17 NB-IoT NTN cannot support connected mode measurement and handover. Secondly, IoT NTN UEs in connected mode generally cannot update the SIB messages. That means, even neighbour cell ephemeris information can be introduced in SIB31, as the stored neighbour cell ephemeris information which is acquired in idle mode would become outdated after UE enters into connected mode, this information may be almost useless for connected state mobility. Then the usage/benefit of neighbour cell ephemeris information would be (very) less to IoT NTN than that to NR NTN. 
· There may be thinking that re-acquisition of SIB31 in connected mode upon expiration of UL sync validity timer (with length of ul-SyncValidityDuration) is already supported for R17 IoT NTN. But this process would inevitably cause service interruption. According to the definition of ul-SyncValidityDuration in R17 IoT NTN, it reflects the validity duration of the satellite ephemeris data and common TA parameters. Here the satellite ephemeris means ephemeris of the serving satellite. If we further introduce neighbour cell ephemeris information, it’s unclear what the impacts on the definition of ul-SyncValidityDuration is. Whether this timer will become longer or shorter is also unclear. If it becomes shorter, the re-acquisition of SIB31 in connected mode would become more frequent and cause more impacts on the UE service performance.

Secondly, the open issues (#Issue 1 ~ #Issue 1) in NR NTN also exists in IoT NTN and our general views from IoT NTN perspective are as below:
· For #Issue 1: As IoT NTN does not support SMTC function, we think satellite assistance information of neighbour cells can be just the helpful info (not essential) for IoT NTN. 
· For #Issue 2: we think introducing additional neighbor cell information into a SIB (SIB19) other than the existing messages for intra-frequency cell re-selection, inter-frequency cell re-selection and measurement objects may be the main reason to result in the #Issue 2, e.g., unclear joint use of neighbour cell information in SIB3/4/measObjectNR and in SIB19 (or unclear association between SIB3/4/measObjectNR and SIB19):
· Especially for the UE in connected mode, we also agree that it’s not a normal process to let a connected mode UE take the SIB into account, e.g., to jointly consider SIB19 and Measurement Objects. 
· Moreover, as analysis above, for the proposal in [R2-2210412], we think it would be a bad idea to repeatedly provide the frequency(list)/cell(list) information in both SIB19 and SIB4/measObjectNR, which we believe is very signaling inefficient. 
· For #Issue 3: We also have the similar view that satellite assistance information of neighbour cells is just the helpful info (not essential) and missing of such helpful information should not result in the ignorance of certain frequencies for measurement. Even without the new satellite assistance information of neighbour cells, UE still can try its best to measure the neighbor frequency/cells as legacy.
Observation 1: Due to the differences between NR NTN and IoT NTN and also the main issue of unclear joint use of neighbour cell information in SIB3/4/measObjectNR and in SIB19, it may be not suitable to re-use the similar scheme as that in NR NTN for IoT NTN, e.g., to introduce neighbor cell ephemeris into SIB31/SIB31-NB.

For IoT NTN, there is already long-term (mean) neighbor cell ephemeris information in SIB32/SIB32-NB for support of discontinuous coverage. Some companies have had the thoughts to make use of this information for getting more idea about NTN neighbor cell measurements. But some other companies mentioned that such long-term ephemeris info is different from the instantaneous ephemeris information discussed in NR NTN. 
Per our understanding, the neighbor cell ephemeris information in SIB32/SIB32-NB is mainly used in the sparse satellites deployment. And the provision timing and scenario of these neighbor satellites would be different from those neighbor satellites in SIB19. In other word, it's more suitable to call the neighbor satellites in SIB32/SIB32-NB as upcoming satellites instead of neighbor cells. Meanwhile, the neighbor satellites under the context of intra-frequency cell re-selection, inter-frequency cell re-selection and connected mode measurement would be the adjacent cells of the service cell in the normal deployment scenario.
Observation 2: The provision timing and scenario of the neighbor satellites (or upcoming satellites) in SIB32/SIB32-NB is different from those neighbor satellites in SIB19. The neighbor satellites information in SIB32/SIB32-NB cannot be used for the intra-frequency cell re-selection, inter-frequency cell re-selection and connected mode measurement enhancements.

Based on Observation 1 and Observation 2 and also with main intention to avoid the issue of unclear association between SIB3/4/measObjectNR and SIB19 in NR NTN scheme, for IoT NTN, another more suitable way can be used to provide neighbor cell information. That is to introduce satellite assistance information of neighbor cells into the existing system information messages which contains information relevant for intra-frequency cell re-selection, inter-frequency cell re-selection (e.g., SIB3, SIB4 or SIB5) and the measurement object configuration (e.g., measObjectEUTRA). 
We can further consider delta configuration to reduce the signaling overhead, e.g., if the satellite assistance information is absent for a certain NTN frequency or a certain NTN cell, the satellite assistance information of the serving frequency/cell, or the satellite assistance information of a previous neighbor frequency/cell can be applied.
Proposal 1: It’s suggested to introduce satellite assistance information of neighbor cells into the existing system information messages which contains information relevant to intra-frequency cell re-selection, inter-frequency cell re-selection (e.g., SIB3, SIB4 or SIB5), and the measurement object configuration (e.g., measObjectEUTRA). Moreover, delta configuration can be allowed to reduce the signaling overhead.

CHO enhancements for eMTC NTN
Enhancements for CHO triggers
RAN2 has agreed to introduce time/timer based solution and also location based CHO triggering events based on the R17 NR NTN solution for eMTC NTN.
In RAN2#119e meeting, RAN2 had some initial discussion on the CHO enhancements for eMTC NTN and reached the agreement as below:
	Agreements:
1. CHO enhancements for eMTC NTN (i.e., time/timer based solution) are introduced based on the R17 NR NTN solution. FFS on location-based solution.


In RAN2#119bise meeting, RAN2 had some further discussion and reached the following agreement:
	Agreements:
1. For eMTC over NTN, for both earth-moving and earth-fixed cell scenarios, we introduce location based CHO triggering events.


In RAN2#120 meeting, RAN2 have reviewed some agreements for CHO enhancements from R17 NR NTN and achieved the following new agreements for eMTC NTN:
	Agreements:
1. CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.: UE is allowed to perform HO only during T1 to T2.
2. For eMTC NTN, introduce a location-based conditional reconfiguration trigger based on condEventD1 in NR, where the event will be satisfied if the distance between the UE and a first reference location (e.g. within the serving cell) is above a threshold, and the distance between the UE and a second reference location (e.g. within a neighbour cell) is below a threshold. (similar to condEventD1 in NR)
3. For eMTC NTN, introduce event A4 based conditional trigger (similar to condEventA4 in NR).
4. FFS whether time and location-based trigger conditions may be configured independently (i.e., without a jointly configured event A4 measurement condition) for eMTC NTN.



For reference, the CHO time trigger events in NR NTN are copied in below, whether detailed changes would be needed can be discussed later during stage-3:
	CondTriggerConfig-r16 ::=        SEQUENCE {
    condEventId                      CHOICE {
        condEventA3                      SEQUENCE {
            a3-Offset                        MeasTriggerQuantityOffset,
            hysteresis                       Hysteresis,
            timeToTrigger                    TimeToTrigger
        },
        condEventA5                      SEQUENCE {
            a5-Threshold1                    MeasTriggerQuantity,
            a5-Threshold2                    MeasTriggerQuantity,
            hysteresis                       Hysteresis,
            timeToTrigger                    TimeToTrigger
        },
        ...,
        condEventA4-r17                  SEQUENCE {
            a4-Threshold-r17                 MeasTriggerQuantity,
            hysteresis-r17                   Hysteresis,
            timeToTrigger-r17                TimeToTrigger
        },
        condEventD1-r17                  SEQUENCE {
            distanceThreshFromReference1-r17 INTEGER(0.. 65525),
            distanceThreshFromReference2-r17 INTEGER(0.. 65525),
            referenceLocation1-r17           ReferenceLocation-r17,
            referenceLocation2-r17           ReferenceLocation-r17,
            hysteresisLocation-r17           HysteresisLocation-r17,
            timeToTrigger-r17                TimeToTrigger
        },
        condEventT1-r17                  SEQUENCE {
            t1-Threshold-r17                 INTEGER (0..549755813887),
            duration-r17                     INTEGER (1..6000)
        }
    },
    rsType-r16                       NR-RS-Type,
    ...
}



	CondTriggerConfig field descriptions

	a3-Offset
Offset value(s) to be used in NR conditional reconfiguration triggering condition for cond event a3. The actual value is field value * 0.5 dB.

	a4-Threshold
Threshold value associated to the selected trigger quantity (e.g. RSRP, RSRQ, SINR) per RS Type (e.g. SS/PBCH block, CSI-RS) to be used in NR conditional reconfiguration triggering condition for cond event a4.

	a5-Threshold1/ a5-Threshold2
Threshold value associated to the selected trigger quantity (e.g. RSRP, RSRQ, SINR) per RS Type (e.g. SS/PBCH block, CSI-RS) to be used in NR conditional reconfiguration triggering condition for cond event a5. In the same condeventA5, the network configures the same quantity for the MeasTriggerQuantity of the a5-Threshold1 and for the MeasTriggerQuantity of the a5-Threshold2.

	condEventId
Choice of NR conditional reconfiguration event triggered criteria.

	distanceThreshFromReference1, distanceThreshFromReference2
Distance from a reference location configured with referenceLocation1 or referenceLocation2. Each step represents 50m.

	duration
This field is used for defining the leaving condition T1-2 for conditional HO event condEventT1. Each step represents 100ms.

	referenceLocation1, referenceLocation2
Reference locations used for condEventD1. The referenceLocation1 is associated to serving cell and referenceLocation2 is associated to candidate target cell.

	t1-Threshold
The field counts 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).

	timeToTrigger
Time during which specific criteria for the event needs to be met in order to execute the conditional reconfiguration evaluation.



The remaining issue for CHO in eMTC NTN is whether time and location-based trigger conditions can be configured independently (i.e., without a jointly configured event A4 measurement condition). In previous meeting, there was a view that since power saving is one of the main considerations for IoT NTN, it may be needed to allow only time-based or location-based triggers to be configured for some devices or in some scenarios.
During the related discussion in R17 NR NTN, some companies suggest flexible trigger conditions configuration. They think it can be left to network implementation to configure timer/location/radio condition alone or in combination. Meanwhile, a bit more companies prefer joint configuration of location and RSRP as well as time and RSRP triggers as they think combination of triggers is needed to make sure the target cell meets minimum signal quality threshold. Finally, joint configuration of location and RSRP as well as time and RSRP triggers are supported for CHO. This agreement has been reflected in the following field description:
	CondReconfigToAddMod field descriptions

	condExecutionCond
The execution condition that needs to be fulfilled in order to trigger the execution of a conditional reconfiguration for CHO, CPA, intra-SN CPC without MN involvement or MN initiated inter-SN CPC. When configuring 2 triggering events (Meas Ids) for a candidate cell, the network ensures that both refer to the same measObject. For CHO, if the network configures condEventD1 or condEventT1 for a candidate cell, the network configures a second triggering event condEventA3, condEventA4 or condEventA5 for the same candidate cell. The network does not configure both condEventD1 and condEventT1 for the same candidate cell. For CHO in terrestrial networks, the network does not indicate a MeasId associated with condEventA4. For CPA and for MN-initiated inter-SN CPC, the network only indicates MeasId(s) associated with condEventA4. For intra-SN CPC, the network only indicates MeasId(s) associated with condEventA3 or condEventA5.



Per our understanding, in NTN network, due to the unclear near-far effect issue, even if the UE moves (or equivalently moves) to the edge of the satellite coverage, UE’s RSRP quality change may be very small compared to the RSRP when it is close to the center of the cell. In other words, in a NTN cell, the radio signal may have a large change in a certain area in cell edge and before that, the change would be very small/flat. Considering this characteristic of the NTN cell, we think that the RSRP threshold for target cell may be easily fulfilled, even if the UE just enters the edge of coverage of one target cell and distance-related threshold has not yet been met. Therefore, the RSRP evaluation on the target cell may be of little significance in NTN network and will cause additional UE power consumption. 
Based on above considerations, we also suggest that for eMTC NTN, time-based or location-based trigger can be configured independently without a jointly configured RSRP-based measurement condition (e.g., condEventA4).
Proposal 2: For eMTC NTN, time-based or location-based trigger can be configured independently without a jointly configured RSRP-based measurement condition (e.g., condEventA4).

[bookmark: OLE_LINK2]Signalling overhead reduction for HO/CHO
Different from TN network, in NTN network, the intra-NTN mobility could be triggered due to satellite movement where a larger number UEs will need to be switched to another cell in one time. The signalling overhead for these UEs to report measurement results and receive HO configuration would be very large. Due to huge number of IoT UEs and potential large repetitions, this issue would be more serious in IoT NTN network than that in NR NTN network. 
Observation 3: Different from TN network, in NTN network, the intra-NTN mobility could be triggered due to satellite movement where a larger number UEs will need to be switched to another cell in one time. The signaling overhead for these UEs to report measurement results and receive HO configuration would be very large. Due to huge number of IoT UEs, this issue would be more serious in IoT NTN network than that in NR NTN network.
Introduction of CHO in eMTC NTN can partially alleviate this issue. But the signaling overhead caused by CHO configuration still exist. 
Moreover, there is another issue which would exist in both HO and CHO scenarios. That is, after HO or CHO, a large number of UEs initiating RACH in a short time period might lead to serious collision issue in the target cell.
Observation 4: After HO or CHO, a large number of UEs initiating RACH to the target cell in a short time period could lead to RACH collision in the target cell.
Since both normal HO and CHO procedures are supported by eMTC NTN, we think some solutions need to be discussed to alleviate all the above issues.

For reducing the signaling overhead of HO, besides using of CHO, there is also a way by NW implementation, that is,  UEs can be divided into several groups, e.g. based on their location or some other criteria. Such grouping can only be aware of by the NW and transparent to the UEs. Upon reception of measurement report from one or a few of the UEs in a certain group, network could then decide to handover all the UEs in this group or some of them send HO command to the selected ones.
Observation 5: CHO or some NW implementation scheme can be used to alleviate the large signaling overhead issue in the HO procedure in eMTC NTN.

In previous meeting, there are also some discussion about using system information to broadcast common HO configuration (e.g., at least common cell configuration), which can avoid sending multiple messages to different UE with the same content. This is especially true for CHO as UE served by the same satellite or NTN will most likely have the same candidate cells (or at least share one or two candidate cell) and/or triggering conditions (e.g. location thresholds). 
Proposal 3a: System information can be used to broadcast (C)HO configuration for eMTC NTN.
Even when system information is used, dedicated signalling should still be allowed for NW to adjust/modify the (C)HO configuration in system information to meet UE’s specific needs. For example, some UE-specifc information (e.g. C-RNTI, contention free resource) might need to be configured for the (C)HO procedure. 
Proposal 3b: Dedicated RRC signalling can be used to modify or release the (C)HO configuration provided in system information.

To alleviate RACH collision issue, RACH-less HO would be a good candidate worth consideration. RACH-less HO has been discussed in NR NTN but not agreed yet. This scheme may have RAN1 impacts and a LS has been sent to RAN1 to check RAN1’s view.
In the latest RAN1 response LS [R1-2212997], it is confirmed by RAN1 that RACH-less HO is feasible with proper NW configuration. Our interpretation is that with existing pre-compensation mechanism RACH-less handover shall be able to be supported. Considering RACH-less HO helps in sense of reduce access delay, we propose to also support RACH-less HO for eMTC NTN.
Proposal 4: RACH-less HO is supported in eMTC NTN.
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In this contribution, the following observations and proposals were made: 
Observation 1: Due to the differences between NR NTN and IoT NTN and also the main issue of unclear joint use of neighbour cell information in SIB3/4/measObjectNR and in SIB19, it may be not suitable to re-use the similar scheme as that in NR NTN for IoT NTN, e.g., to introduce neighbor cell ephemeris into SIB31/SIB31-NB.
Observation 2: The provision timing and scenario of the neighbor satellites (or upcoming satellites) in SIB32/SIB32-NB is different from those neighbor satellites in SIB19. The neighbor satellites information in SIB32/SIB32-NB cannot be used for the intra-frequency cell re-selection, inter-frequency cell re-selection and connected mode measurement enhancements.
Proposal 1: It’s suggested to introduce satellite assistance information of neighbor cells into the existing system information messages which contains information relevant to intra-frequency cell re-selection, inter-frequency cell re-selection (e.g., SIB3, SIB4 or SIB5), and the measurement object configuration (e.g., measObjectEUTRA). Moreover, delta configuration can be allowed to reduce the signaling overhead.

Proposal 2: For eMTC NTN, time-based or location-based trigger can be configured independently without a jointly configured RSRP-based measurement condition (e.g., condEventA4).

Observation 3: Different from TN network, in NTN network, the intra-NTN mobility could be triggered due to satellite movement where a larger number UEs will need to be switched to another cell in one time. The signaling overhead for these UEs to report measurement results and receive HO configuration would be very large. Due to huge number of IoT UEs, this issue would be more serious in IoT NTN network than that in NR NTN network.
Observation 4: After HO or CHO, a large number of UEs initiating RACH to the target cell in a short time period could lead to RACH collision in the target cell.
Observation 5: CHO or some NW implementation scheme can be used to alleviate the large signaling overhead issue in the HO procedure in eMTC NTN.
Proposal 3a: System information can be used to broadcast (C)HO configuration for eMTC NTN.
Proposal 3b: Dedicated RRC signalling can be used to modify or release the (C)HO configuration provided in system information.
Proposal 4: RACH-less HO is supported in eMTC NTN.
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Annex
[bookmark: _GoBack]An example of Proposal 1, e.g., to introduce satellite assistance information of neighbor cells into the SIB5 can be found below:
	
· SystemInformationBlockType5
The IE SystemInformationBlockType5 contains information relevant for inter-frequency cell re-selection (i.e. information about other E‑UTRA frequencies and inter-frequency neighbouring cells relevant for cell re-selection) and information relevant for E-UTRA and NR idle/inactive measurements. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.
SystemInformationBlockType5 information element
-- ASN1START

SystemInformationBlockType5 ::=		SEQUENCE {
	interFreqCarrierFreqList			InterFreqCarrierFreqList,
	...,
	lateNonCriticalExtension				OCTET STRING	(CONTAINING SystemInformationBlockType5-v8h0-IEs)				OPTIONAL,
	[[	interFreqCarrierFreqList-v1250	InterFreqCarrierFreqList-v1250		OPTIONAL,	-- Need OR
		interFreqCarrierFreqListExt-r12	InterFreqCarrierFreqListExt-r12	OPTIONAL	-- Need OR
	]],
	.........................................................
	[[	interFreqCarrierFreqList-v1610	InterFreqCarrierFreqList-v1610		OPTIONAL, -- Need OR
		interFreqCarrierFreqListExt-v1610 InterFreqCarrierFreqListExt-v1610	OPTIONAL, -- Need OR
		measIdleConfigSIB-NR-r16		MeasIdleConfigSIB-NR-r16		OPTIONAL -- Need OR
	]]
}

-- Late non critical extensions
SystemInformationBlockType5-v8h0-IEs ::=	SEQUENCE {
	interFreqCarrierFreqList-v8h0 SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v8h0				OPTIONAL,	-- Need OP
	nonCriticalExtension			SystemInformationBlockType5-v9e0-IEs							OPTIONAL
}
.........................................................

SystemInformationBlockType5-v13a0-IEs ::=	SEQUENCE {
	-- Late non critical extensions from REL-10 upto REL-12
	lateNonCriticalExtension		OCTET STRING					OPTIONAL,	-- Need OR
	interFreqCarrierFreqList-v13a0	InterFreqCarrierFreqList-v13a0	OPTIONAL,	-- Need OR
	-- Late non critical extensions from REL-13
	nonCriticalExtension			SEQUENCE {}						OPTIONAL
}

InterFreqCarrierFreqList ::=		SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo

InterFreqCarrierFreqList-v1250 ::=	SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1250
....................................................
InterFreqCarrierFreqList-v1610 ::=	SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1610

InterFreqCarrierFreqList-r18   ::=  SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-r18

InterFreqCarrierFreqListExt-r12 ::=	SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-r12
......................................................
InterFreqCarrierFreqListExt-v1610 ::=	SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1610

InterFreqCarrierFreqInfo ::=	SEQUENCE {
	dl-CarrierFreq						ARFCN-ValueEUTRA,
	q-RxLevMin							Q-RxLevMin,
	p-Max								P-Max							OPTIONAL,		-- Need OP
	.............................................
	neighCellConfig						NeighCellConfig,
	q-OffsetFreq						Q-OffsetRange					DEFAULT dB0,
	interFreqNeighCellList				InterFreqNeighCellList			OPTIONAL,		-- Need OR
	interFreqExcludedCellList			InterFreqExcludedCellList		OPTIONAL,		-- Need OR
	...,
	[[	q-QualMin-r9					Q-QualMin-r9					OPTIONAL,		-- Need OP
		threshX-Q-r9					SEQUENCE {
			threshX-HighQ-r9				ReselectionThresholdQ-r9,
			threshX-LowQ-r9					ReselectionThresholdQ-r9
		}														OPTIONAL		-- Cond RSRQ
	]],
	[[	q-QualMinWB-r11					Q-QualMin-r9			OPTIONAL	-- Cond WB-RSRQ
	]]
}

InterFreqCarrierFreqInfo-v8h0 ::=		SEQUENCE {
	multiBandInfoList					MultiBandInfoList				OPTIONAL	-- Need OR
}
.....................................

InterFreqCarrierFreqInfo-v1610	::= SEQUENCE {
	altCellReselectionPriority-r16		CellReselectionPriority		OPTIONAL,	-- Need OR
	altCellReselectionSubPriority-r16	CellReselectionSubPriority-r13	OPTIONAL,	-- Need OR
	rss-ConfigCarrierInfo-r16			RSS-ConfigCarrierInfo-r16		OPTIONAL,	-- Cond RSS
	interFreqNeighCellList-v1610		InterFreqNeighCellList-v1610	OPTIONAL	-- Cond RSS
}

InterFreqCarrierFreqInfo-r18::=        SEQUENCE {
ins-EphemerisParameters-r18	   INS-EphemerisParameters-r18	OPTIONAL,	-- Need OR
...
}

InterFreqNeighCellList ::=	SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo

InterFreqNeighCellList-v1610 ::= SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo-v1610

InterFreqNeighHSDN-CellList-r15 ::= SEQUENCE (SIZE (1..maxCellInter)) OF PhysCellIdRange

.....................................

InterFreqNeighCellInfo-v1610 ::= SEQUENCE {
	rss-MeasPowerBias-r16			RSS-MeasPowerBias-r16
}

InterFreqExcludedCellList ::=			SEQUENCE (SIZE (1..maxExcludedCell)) OF PhysCellIdRange

.....................................

RedistributionFactor-r13 ::=	INTEGER(1..10)

-- ASN1STOP

· INS-EphemerisParameters
The IE INS-EphemerisParameters provides instantaneous satellite ephemeris parameters.
INS-EphemerisParameters information element
INS-EphemerisParameters-r18::= 		SEQUENCE {
ephemerisInfo-r17			CHOICE {
		stateVectors				EphemerisStateVectors-r17,
		orbitalParameters			EphemerisOrbitalParameters-r17
	},
	nta-CommonParameters-17			SEQUENCE {
		nta-Common-r17					INTEGER (0..8316827)		OPTIONAL,	-- Need OP
		nta-CommonDrift-r17				INTEGER (-261935..261935)	OPTIONAL,	-- Need OP
		nta-CommonDriftVariation-r17	INTEGER (0..29479)			OPTIONAL	-- Need OP
	},
	ul-SyncValidityDuration-r17		ENUMERATED {s5, s10, s15, s20, s25, s30, s35, s40,
												s45, s50, s55, s60, s120, s180, s240, s900},
	epochTime-r17					SEQUENCE {
		startSFN-r17					INTEGER (0..1023),
		startSubFrame-r17				INTEGER (0..9)
	}																OPTIONAL,	-- Need OP
	k-Offset-r17					INTEGER (0..1023),
	k-Mac-r17						INTEGER (1..512) 				OPTIONAL,	-- Need OP
	...
}
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