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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 remaining mobility issues and the possible solutions for NB-IoT/eMTC over NTN.
1. Discussion 
2.1 Assistance information in idle mode
For clarification, this topic focus on the efficient cell measurement, cell selection and reselection for IoT NTN UEs in idle mode and in the continuous coverage.
In last RAN2 #115 e-meeting, some agreements about satellite assistance information have been reached as following:
RAN2 assumes that Satellite assistance information, e.g. for cell selection reselection, for serving cell is provided to UE.
FFS if Satellite assistance information for neighbour cell(s) is provided to UE for cell selection/reselection (justification would be needed). 
The timing information on when a cell is going to stop serving the area is broadcast at least for the quasi-earth fixed case. FFS details. 
For neighbor cell(s), in last meeting, some companies commented that it is still not clear what the exact information for neighbor cells will be in satellite assistance information, so it’s also not clear what kind benefit would be brought. Then this part is FFS.
Firstly, in NR NTN, the following working assumption was also made in RAN2#115 e-meeting:
Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell, if UE has valid location information, which means location acquisition will not be triggered at UE side only for location assisted cell reselection. FFS on the details. 
Such location assisted cell reselection would require UE to obtain the ephemeris information of the neighbor cell and predict the distance between UE and the neighbor cells. It would be suitable to NR NTN UEs but may be a bit more complicated to IoT NTN UEs. Given the limited TU budget in R17, such optimization could not be considered for IoT NTN. 
Proposal 1a: Location assisted cell reselection is not supported for IoT NTN in R17.
As a result, the satellite ephemeris, reference location of the neighbor cell that are required for the Location assisted cell reselection feature needn’t to be provided to IoT NTN UE.
Proposal 1b: The satellite ephemeris and reference location for neighbour cell(s) are not provided to UE for cell (re)selection in IoT NTN. 

Secondly, for IoT NTN, generally a neighbor cell list can be provided to UE to assist its neighbor cell measurement. But under the moving cell scenario, even the UEs may be stationary, they will still see frequent change of the neighbour cells caused by satellite movement. This may cause some unnecessary/inefficient cell measurement. Therefore, if UE can be additionally aware of when neighbor cell(s) are going to start or stop serving the area, UE can also start or stop the measurement for those cell(s) just at that time to avoid unnecessary measurement and save power. In NR NTN, they also have similar discussion, so how to provide such time information for neighbor cell(s) and the exact format/content can wait for NR NTN progress. The related agreements may be reused.
Proposal 2: The timing information about when a neighbor cell is going to start serving the area is broadcast at least for the quasi-earth fixed case in IoT NTN.

2.2 TAU
In last meeting, some agreements about TAU have been reached as following:
The network may broadcast more than one TAC per PLMN in a cell, which is up to network implementation.
The UE determines the Tracking Area based on the broadcast information (the use of other information is not excluded).
When the network stops broadcasting a TAC, the UE needs to know it. FFS how this is done. 
UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.
System information update notification procedure is not used to inform TAC updates, at least for TAC additions (FFS removals)
Even if the UE does not be aware of a new-added TAC, it will not affect the UE’s current camping and paging monitoring. Therefore, in last meeting, the agreement in above last bullet is achieved, that can help to avoid unnecessary acquisition of updated SIB. However, for the TAC removal case, if the TAC selected by the UE is removed, the failure to notify this information to UE may cause paging message missing. So we prefer to let UE exactly know the TAC removals. The simplest way (Option 1) is to just notify SIB update for TAC removal. UE can just follow the legacy procedure for acquisition of SIB update and no any additional optimization is needed.
According to the discussion in last meeting, another way (Option 2) is to broadcast the end timing of a TAC (e.g., when the cell is going to stop broadcasting this TAC) at the beginning instead of updating the TAC list from time to time. It assumes that UE can deduce the removal of a TAC by itself. At the ending time of TAC selected by UE, UE has to read SIB and update TAC. For example, UE initially is in TAC1. Once the serving cell changes the TA, i.e., change from TAC1 to TAC1+TAC2 and later to TAC2, according to the agreements, UE cannot be aware of the addition of TAC2 timely. At the ending time of TAC1, UE would have to re-acquire SIB and update to TAC2. Compared with Option 1, we understand the only difference of Option 2 is that the triggering for UE to read SIB is the end timing of TAC, instead of SIB update notification. Option 2 not only still needs the UE to read SIB update, but also have more signaling overhead since end time information needs to be included. Therefore, we prefer not to specify this Option 2.
Proposal 3: System information update notification procedure is used to inform TAC removals in IoT NTN.

In NR NTN, according to the agreement “RAN2 responds to CT1 and SA2 with the confirmation that AS indicates to NAS layer all received TACs per PLMN. In addition it is stated that TACs in NTN are fixed to geographical location on Earth and UE’s location information can be used for TAI selection. Final decision on which criteria to apply (e.g. UE location information or other) is anyway up to CT1 and SA2 judgement”, there are some on-going discussion for TAU based on UE location information. That is, the stationary UE may be allowed to skip all the SIB update for TAC update. For IoT NTN, we can wait for the progress in NR NTN and to see whether this can be applied to IoT NTN later.
Proposal 4: For TAU based on UE location information, RAN2 wait for the progress in NR NTN.

2.4 TN/NTN NW identification
Since the access strategy etc. are different for UEs in TN and NTN network (e.g. TA pre-compensation is needed in NTN), the UE should be able to differentiate whether the network is TN or NTN. In NR NTN, it has been agreed that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception.
Considering that the IoT UEs for TN cannot access the IoT NTN network (e.g. as UE cannot perform the TA pre-compensation), some schemes would be needed to restrict the legacy IoT UEs for TN to access the IoT NTN network. Generally, a new cellBarred -NTN- r17 can be introduced for baring IoT UE for TN in NTN Network. However, as the legacy IoT UEs (R17 earlier release) cannot decode the new IEs, it should be also considered to make use of the legacy cellBarred IE to restrict the legacy IoT UEs to access the IoT NTN network.
Proposal 5a: A new cellBarred-NTN-r17 can be introduced for baring R17 IoT UE for TN from accessing NTN Network. And the legacy cellBarred IE can also be used to restrict the legacy IoT UEs (R17 earlier release) from accessing the IoT NTN network.
Different from connection to 5GC (wherein a cell may be connected to EPC and 5GC simultaneously), in IoT NTN, a cell is either a TN cell or a NTN cell. Therefore, it’s not necessary to introducing PLMN and TA code configuration specifically for NTN, e.g., the legacy plmn-IdentityList and trackingAreaCode can still be reused for IoT NTN.
Proposal 5b: The legacy plmn-IdentityList and trackingAreaCode can be reused for IoT NTN.
Another purpose to identify the TN/ NTN network type as early as possible is to ensure that the NTN UEs try to (re-)select the TN cells (if it can be found) with a priority. Based on the current specification, eMTC can easily ensure that NTN UE reselects a TN cell with a cell reselection priority. For NB-IoT, if TN and NTN is deployed with different carrier frequency, it’s also feasible to make a NB-IoT UE over NTN to reselect a TN cell with frequency offset. In a summary, no specification change is needed for this purpose.

2.4 RRC procedure
According to the agreements as following, in the WID discussion, we need to identify whether some specific timers and constants for RRC procedure require extended value range or new behavior:
Rel-16 LTE CHO mechanism is supported for LTE-M devices in IoT NTN. FFS which CE Mode(s) to apply
The value range for parameter t304 is not extended with larger values.
No procedural update is required to support connected mode mobility for LTE-M.
Rel-16 RLF / connection re-establishment mechanisms are supported in IoT NTN assuming that minor adjustments to UE specific timers and constants would be sufficient.
Postpone the discussion on whether specific timers and constants for RLF and RRC connection re-establishment procedures require extended value range and/or new behaviour till next meeting.
Compared with Rel-16 LTE, RRC (re)establishment procedure needs more time in IoT NTN due to the large RTT. For example, according to the following agreements in IoT NTN:
Start of ra-ResponseWindow is delayed by an offset” in RAN2
For eMTC, on receiving a RAR in a PDSCH that ends in subframe n, PUSCH for Msg3 is transmitted with a delay of Koffset as compared to transmission as per current specification
It can be assumed that RRC procedures would be prolonged by several RTTs. In RAN1, they have estimated it would be 2~3 of RTT. As the maximum values of t300 and t301 are 10s in eMTC and 60s in NB-IoT, which are already much larger than the RTT between UE and gNB, there would be no need of further extension.
Proposal 6: The value ranges of parameter t300 and t301 don’t need to be extended in IoT NTN.  
3. Conclusion
Based on the discussion we make the following observation:
[bookmark: _GoBack]Proposal 1a: Location assisted cell reselection is not supported for IoT NTN in R17.
Proposal 1b: The satellite ephemeris and reference location for neighbour cell(s) are not provided to UE for cell (re)selection in IoT NTN. 

Proposal 2: The timing information about when a neighbor cell is going to start serving the area is broadcast at least for the quasi-earth fixed case in IoT NTN.
Proposal 3: System information update notification procedure is used to inform TAC removals in IoT NTN.
Proposal 4: For TAU based on UE location information, RAN2 wait for the progress in NR NTN.
Proposal 5a: A new cellBarred-NTN-r17 can be introduced for baring R17 IoT UE for TN from accessing NTN Network. And the legacy cellBarred IE can also be used to restrict the legacy IoT UEs (R17 earlier release) from accessing the IoT NTN network.
Proposal 5b: The legacy plmn-IdentityList and trackingAreaCode can be reused for IoT NTN.
Proposal 6: The value ranges of parameter t300 and t301 don’t need to be extended in IoT NTN.  
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