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1. [bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]In RAN#92 e-meeting, the WID of NB-IoT/eMTC support for Non-Terrestrial Networks has been approved [1]. The objective related to mobility is as below:
	Specify the following IoT NTN specific enhancements not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
-	Architecture:
-	Support for EPC 
-	Mobility and Tracking Area:
-	Enhancements to tracking area management using the earth-fixed TA concept, considering both hard-switch and soft-switch options, where in the soft-switch option the network may broadcast more than one Tracking Area Code per PLMN.
-	Support of legacy (Rel-16) cell selection/reselection mechanisms without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.
-	Support of legacy (Rel-16) Handover and RLF/reestablishment mechanisms without major enhancements. For eMTC, Rel-16 LTE CHO procedure can be considered without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.
-	Others:
-	Support of discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. Minor enhancements to the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and (G)WUS can be considered, and if found needed, specified, to support discontinuous coverage;


In this contribution, we mainly discuss the mobility issues and the possible solutions for NB-IoT/eMTC over NTN.
1. Discussion 
2.1 Idle mode
Cell measurement
For LEO, compared with moving case where cells are moving on the ground, the quasi-earth fixed case can provide cells fixed with respect to a certain location on the Earth during a certain time duration. As a result, in quasi-earth fixed case, the time that a cell is going to stop serving the area can be predicted. Moreover, in quasi-earth fixed case, if the serving cell is going to stop serving the area, UE has to search and select to a new cell that is going to serve the area in order to avoid missing paging message. And if the neighbor cell is going to stop serving the area, UE has to stop the measurement of this cell to avoid unnecessary measurement. In RAN2 #114 e-meeting, for NR NTN, some related agreements have been reached as below. It can be seen that new conditions, e.g., when a cell is going to stop serving the area, are introduced for triggering the neighbor cell measurement and cell reselection in NR NTN.
	Agreements:
1.	At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is needed to assist cell reselection in NTN for earth fixed scenario.
2.	At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbor cells.
3.	At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area for earth fixed scenario is broadcast to UE via system information


Similarly as NR NTN, in IoT NTN, if UE can be aware of that a cell is going to stop serving the area, UE also needs to stop measurement for this cell to avoid unnecessary measurement and start measurement on other cells as quickly as possible in order to try to find a new cell to camp on to avoid paging missing. Therefore, such new conditions to trigger the neighbor cell measurement and cell reselection can also be introduced into IoT NTN.
Proposal 1a: The timing information on when a cell is going to stop serving the area is needed to assist cell reselection in IoT NTN.
Proposal 1b: The timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbor cells in IoT NTN.
Proposal 1c: The timing information on when a cell is going to stop serving the area is broadcast to UE in IoT NTN.

eDRX impacts
For eMTC, eDRX cycle value range starts from 5.12s (i.e., hfhalf) up to a maximum of 2621.44s (hf256, about 44 min). For NB-IoT, the eDRX cycle value range starts from 20.48s (i.e., hf2) up to a maximum of 10485.76s (hf1024, about 3 hours). When the eDRX cycle is larger than the serving time of a NTN LEO, the serving cell and neighbor cells that the UE can measure would keep changing every eDRX cycle. As illustrated in Figure 1, satellite 1 (e.g. related with cell 1) serves the area during T1 and T2, satellite 2 (e.g. related with cell 2) serves the same area during T2 and T3, and satellite 3 (e.g. related with cell 3) serves the area during T3 and T4. For UE with eDRX cycle, the cells that can be detected in an eDRX cycle (e.g. during T1 and T2) are related with satellite 1, the cells that can be detected in next eDRX cycle (e.g. during T3 and T4) are related with satellite 3.
[image: ]
Figure 1
In legacy IoT, if UE is stationary, the serving cell and neighbor cells almost keep unchanged. The previous measurement would be helpful for cell reselection later. However, in IoT over NTN, for the UE configured with eDRX cycle, the serving cell and the neighbor cells in an eDRX cycle may already stop serving this area in the subsequent eDRX cycle. As a result, when UE configured with eDRX cycle wakes up, UE has to select to a new cell that hasn’t been detected. Moreover, according to the procedure of cell reselection, only if the RSRP/RSRQ of candidate cell is always higher than a threshold during a time, UE can reselect to this cell. It can be seen such cell reselection may need too much time or a bit difficult in above mentioned scenario, e.g., for NTN LEO with high mobility, UE needs to perform brand new measurement in each eDRX cycle. Therefore, a simpler procedure, e.g., cell selection, may be more suitable for this scenario. In cell selection, as long as the RSRP/RSRQ of candidate cell satisfies S criteria, UE can select to this cell. In other word, compared with cell reselection, the condition of cell selection is easier to be satisfied. Therefore, in order to enable UE to find and camp on a cell as soon as possible to avoid paging message missing, the cell selection procedure can be applied immediately at the beginning of PTW in an eDRX cycle.
Proposal 2: In IoT over NTN, especially for NTN LEO, UE configured with eDRX cycle can apply the cell selection procedure immediately at the beginning of PTW in an eDRX cycle.

Relaxed monitoring
The relaxed monitoring can be used by static or low mobility IoT UE for power saving. According to current specification TS 36.304, the relaxed monitoring criterion is based on the RSRP of UE. When the variation of RSRP is lower than a threshold, UE performs the relaxed monitoring. However, In NTN LEO, RSRP always changes due to the movement of satellite, it couldn’t reflect the mobility state of UE. That means, even variation RSRP criteria is configured to a static UE, it cannot be fulfilled in most of time and relaxed monitoring is hardly to be triggered. Therefore, we think relaxed monitoring based on RSRP variation is not applicable to NTN LEO case.
Observation 1: The relaxed monitoring based on RSRP variation is not applicable to NTN LEO.
However, we still see the need for relaxed monitoring for IoT UE in NTN LEO. According to proposal 1, in the quasi-earth fixed case, when the serving cell is going to stop serving, UE needs to perform the neighbor cell measurement. But except that, for static or low mobility IoT UE, the serving cell is unchanged and thus the neighbor cell measurement is useless. Then the solution is, IoT UE can only perform the neighbor cell measurement when the serving cell is going to stop serving this area. In other time period, UE can relax monitoring. 
Proposal 3a: In the quasi-earth fixed case, static or low mobility IoT UE can relax monitoring under the serving cell and just start neighbor cell measurement when the camping cell is going to stop serving this area. 
Proposal 3a can only be applied to static or low mobility IoT UE. Since in NTN LEO, RSRP always changes due to the movement of satellite and RSRP variation cannot reflect the mobility state of UE, UE needs other way to determine its mobility status before applying relaxed monitoring. Considering that IoT UE is capable of GNSS, UE can determine its mobility state based on whether its GNSS position changes. 
Proposal 3b: In the quasi-earth fixed case, before applying the relaxed monitoring, UE can determine its mobility state based on whether its GNSS position changes.

2.2 Connected mode
PUR
Before transmission using PUR, according to specification TS 36.331, UE should perform timing alignment validation as below.
	[bookmark: _Toc36846245][bookmark: _Toc36566472][bookmark: _Toc46482970][bookmark: _Toc46481736][bookmark: _Toc36938898][bookmark: _Toc46480502][bookmark: _Toc37081877][bookmark: _Toc67996776][bookmark: _Toc36809881]5.3.3.19	Timing alignment validation for transmission using PUR
The UE shall consider the timing alignment value for transmission using PUR to be valid when the following conditions are fulfilled:
1>	either pur-TimeAlignmentTimer is not configured or pur-TimeAlignmentTimer is running as confirmed by lower layers; and
1>	either pur-RSRP-ChangeThreshold (pur-NRSRP-ChangeThreshold in NB-IoT) is not configured or the following conditions are fulfilled:
2>	compared to the stored serving cell reference (N)RSRP value, the serving cell (N)RSRP has not increased by more than increaseThresh; and
2>	compared to the stored serving cell reference (N)RSRP value, the serving cell (N)RSRP has not decreased by more than decreaseThresh;


For IoT NTN, in WID [1], there is already an assumption that IoT UE is able to estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Moreover, there is an agreement in RAN1#105 meeting that “For sporadic short transmission, The idle UE wakes up from idle DRX / PSM, access the network, perform uplink and/or downlink communications for a short duration of time and go back to idle. Before accessing the network, the UE acquires GNSS position fix and does not need to re-acquire a GNSS position fix for the transmission of the packets”. Then we can assume that IoT UE can always pre-compensate TA and guarantee UL synchronization before PUR. Based on this assumption, we can further assume for IoT UEs, including static and mobile UE, PUR is always valid, if configured. 
Observation 2: As there is already an assumption that IoT UE is able to estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission, for IoT UEs, including static and mobile UE in NTN, PUR is always valid, if configured.
As a result, pur-TimeAlignmentTimer used for the TA validation and RSRP value used for determining the mobility state of UE are no longer needed. In other word, the current timing alignment validation for transmission using PUR is not applicable for IoT over NTN.  
Proposal 4a: Under LEO and GEO, the RSRP criteria and pur-TimeAlignmentTimer for timing alignment validation don’t need to be configured for PUR.
However, during the retransmission of PUR, as IoT UE doesn’t re-acquire a GNSS position according to the above agreement in RAN1#105 meeting, for mobile UE, the TA value may become invalid due to the large RTT. So for mobile UE, TA value validation during retransmission of PUR may still need further discussion.
Proposal 4b: Under LEO and GEO, for mobile UE, TA value validation during retransmission of PUR should be further discussed.

RRC procedure
In RAN2 #114 e-meeting, an agreement “At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area for earth fixed scenario is broadcast to UE via system information” has been reached for NR NTN. In LEO, if UE happens to initiate RRC establishment or resume procedure when the time is close to the time that the serving cell is going to stop serving, according to the current specification TS 36.331, cell re-selection or cell selection would occur while T300 is running. RRC procedure would fail and UE has to initiate RRC procedure again. 
Moreover, even the UE can successfully establish or resume the RRC connection at the time that is close to the time that the serving cell is going to stop serving, due to the inadequate remaining satellite serving time, it’s highly possible that the data transmission couldn’t be finished as expected and UE has to continue the data transmission in the new cell. In order to avoid the redundant RRC procedure or interrupted data transmission, it can be considered to postpone the RRC connection establishment/resumption if it happens to occur when the time is close to the time that the serving cell is going to stop serving..
Proposal 5a: If UE happens to initiate RRC establishment or resume procedure when the time is close to the time that the serving cell is going to stop serving, in order to avoid the redundant RRC procedure or interrupted data transmission, UE can postpone such RRC procedures till it camps on a new cell.
In general, RRC establishment or resumption procedure is initially triggered from NAS layer, e.g., by service or higher layer application. But the awareness of the time that the serving cell is going to stop serving is generally based on SIB signally, e.g., in AS layer by RRC protocol. Therefore, in order to make proposal 5a feasible, we may need to consider the following options at the time when the serving cell is going to stop serving this area:  
· option 1: AS layer rejects NAS layer request for RRC establishment or resumption and doesn’t initiate RRC procedure;
· option 2: AS layer delays the RRC procedure until a new cell is selected;
· option 3: AS layer only initiates RRC procedure for small data, for example, EDT or PUR, in the serving cell. AS layer rejects NAS layer request for other type data transmission
For option 1, AS layer rejects the RRC procedure request directly, and it is up to NAS layer to delay the RRC procedure. But some information, such as timing information on when a cell is going to stop/start serving the area or the cell selection/reselection results, may need to be provided to NAS to help NAS to determine the next suitable time point for triggering the RRC procedure. For option 2, RRC can delay the RRC procedure by itself. If the time interval between to stop serving the area and to start serving the area is not long, it may be possible to make such delay transparent to NAS layer. For option 3, it may also need some interaction between AS layer and NAS layer but less frequently. Hence, we prefer option 2 and option 3. 
Proposal 5b: When the time is close to the time that the serving cell is going to stop serving, RRC can only initiate RRC procedure for EDT or PUR in the serving cell.
Proposal 5c: When the time is close to the time that the serving cell is going to stop serving, RRC can delay other RRC procedures until a new cell is selected.
3. Conclusion
Based on the discussion we make the following observation:
Proposal 1a: The timing information on when a cell is going to stop serving the area is needed to assist cell reselection in IoT NTN.
Proposal 1b: The timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbor cells in IoT NTN.
Proposal 1c: The timing information on when a cell is going to stop serving the area is broadcast to UE in IoT NTN.

Proposal 2: In IoT over NTN, especially for NTN LEO, UE configured with eDRX cycle can apply the cell selection procedure immediately at the beginning of PTW in an eDRX cycle.

Observation 1: The relaxed monitoring based on RSRP variation is not applicable to NTN LEO.
Proposal 3a: In the quasi-earth fixed case, static or low mobility IoT UE can relax monitoring under the serving cell and just start neighbor cell measurement when the camping cell is going to stop serving this area. 
Proposal 3b: In the quasi-earth fixed case, before applying the relaxed monitoring, UE can determine its mobility state based on whether its GNSS position changes.

[bookmark: _GoBack]Observation 2: As there is already an assumption that IoT UE is able to estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission, for IoT UEs, including static and mobile UE in NTN, PUR is always valid, if configured.
Proposal 4a: Under LEO and GEO, the RSRP criteria and pur-TimeAlignmentTimer for timing alignment validation don’t need to be configured for PUR.
Proposal 4b: Under LEO and GEO, for mobile UE, TA value validation during retransmission of PUR should be further discussed.

Proposal 5a: If UE happens to initiate RRC establishment or resume procedure when the time is close to the time that the serving cell is going to stop serving, in order to avoid the redundant RRC procedure or interrupted data transmission, UE can postpone such RRC procedures till it camps on a new cell.
Proposal 5b: When the time is close to the time that the serving cell is going to stop serving, RRC can only initiate RRC procedure for EDT or PUR in the serving cell.
Proposal 5c: When the time is close to the time that the serving cell is going to stop serving, RRC can delay other RRC procedures until a new cell is selected.
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