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1 Introduction
At RAN#92-e, a WI NB-IoT/eMTC support for Non-Terrestrial Networks [1] was agreed with the following RAN2 objectives:
	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.


In the last meeting, RAN2 has the following agreements:
	· Cell selection / reselection procedures for NB-IoT and LTE-M in TN is the baseline in NB-IoT/LTE-M NTN.

· RAN2 assumes that Satellite assistance information, e.g. for cell selection reselection, for serving cell is provided to UE.

· Wait for the progress in RAN1 before discussion on whether satellite assistance information is broadcast in a separate information block.

· 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. 

· 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.

· Rel-16 LTE CHO mechanism is supported for LTE-M devices in IoT NTN. FFS which CE Mode(s) to apply

· 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.

· FFS if Satellite assistance information for neighbour cell(s) is provided to UE for cell selection/reselection (justification would be needed). 

· The value range for parameter t304 is not extended with larger values.

· Send an LS to RAN4 to inform that RRM impacts for supporting CHO should be taken into consideration.

· 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.

· System information update notification procedure is not used to inform TAC updates, at least for TAC additions (FFS removals)




In this document, we will discuss the remaining issues for TA and mobility in IOT NTN.
We also discuss satellite assistance information based on RAN1 agreements at RAN1#106-e and RAN1#106bis-e.
2 Discussion
2.1 TA handling

The following was agreed in the study:

· 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.
In the last meeting, RAN2 has agreed that the network may broadcast more than one TAC per PLMN in a cell. Most of the agreements in NR NTN are reused in IOT NTN.
One FFS is how the UE know when the network stops broadcasting a TAC. In NR NTN, the agreement is that the network triggers the SI update notification procedure when it stops broadcasting a TAC.

For the earth fixed beam scenario, we assume the broadcast TAC(s) generally does not change, thus there is no need for any special update mechanism, i.e. the legacy mechanism can be used to notify the UEs. 

Observation 1: For the earth fixed beam scenario, the legacy mechanism can be used to notify the UEs when the network stops broadcasting a TAC. 
For the moving beam scenario, it is not clear how update notification via system information would work in NB-IOT NTN.

Taking the same example as discussed in NR NTN of a satellite moving at 7.5 km/s and tracking areas of 500 km in size, a new tracking area would be entered about every 67s and an old tracking area would be exited about every 67s.
For UE using eDRX longer than the BCCH modification period, the UE will only acquire system information at the boundary of the eDRX modification period (almost 4 hours). During this time, the cell will have move 18,000 km away and the TACs in System information would have changed more than 200 times.  However, this is not really a problem as the UEs will not see the cell anymore. 

For UE not using eDRX or using DRX shorter than the BCCH modification period, the modification period is minimum 40.96 s - maximum: 131,072 s. This means that the notification will be ON more than 50% of the time when the shorter modification period of 40.96 s is configured and always for longer modification periods. Therefore it will cause lots of paging resource and also the UE need more power consumption to receive the paging. 
Observation 2: For the earth moving beam scenario, the system information update notification procedure to inform the UE that a TAC is no longer broadcast does not work well in NB-IOT NTN.

Proposal 1: The system information modification notification procedure is not used in NB-IoT NTN to signal removal of TAC(s) in the earth moving beam scenario.

In general, the UE will reselect another cell when the TA, which it is registered to, is no longer covered by the current cell and then TAU will be performed. This covers the most common use case of stationary UEs.

For mobile UEs, the only case, where there could be mismatch, is when the UE is moving in the same direction as the cell. Even, in this case, the UE will still be paged in the cell as long as the TA is partially covered by the cell. Then, considering that an IOT UE will move a lot slower than the cell, UE will sooner or later reselect another cell and performs TAU. 
If this is not deemed sufficient, alternatives where the UE is required to reacquire SIB1 in some conditions to check that its registered TA is still broadcast can be considered. 
Proposal 2: UE does not need to be explicitly informed when the TAC is no longer broadcast.
Another FFS is how to send the TAC to the NAS. In the last meeting, RAN2 has confirmed for NR NTN that AS indicates to NAS layer all received TACs per PLMN and it is CT1 and SA2 to decide how to select a single TAC from the list of multiple TACs per PLMN indicated by the AS layer. In our understanding, IOT NTN can reuse the same solution.
Proposal 3: Same as for NR NTN, AS indicates to NAS layer all received TACs for the selected PLMN.

In the last meeting, RAN2 has agreed for NR NTN to use the UE coarse location information reported during the initial access to get the mapping CGI in the NG and to use the UE finer location information reported after AS security is established to update the mapping CGI in the NG. In this meeting, RAN2 has received one LS [3] from SA2 on which TAC should be reported by the gNB in case of multiple broadcast TAC.
In LTE, the eNB also needs to send the TAC and CGI to the CN. However, in NB-IoT, there is no AS security when the CP solution is used, therefore the eNB will not get the finer location information. However, we think this should not be an issue as emergency calls are not supported in NB-IoT, thus the UE does not need to report the finer location information and the eNB directly sends the broadcast CGI to the CN. For the TAC, the eNB can randomly select one of the broadcast TACs for the selected PLMN.

Proposal 4: The eNB in IOT NTN sends the broadcast CGI to the CN. 
Proposal 5: The eNB randomly selects one of the broadcast TACs for the selected PLMN to the CN.
2.2 Idle mode mobility

The following was agreed in the study:

· Support of legacy (Rel-16) cell selection/reselection mechanisms without major enhancements is considered essential. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.
In the last meeting, RAN2 has agreed to use the timing information and location information to assist the cell selection/reselection.

Agreements via email - from offline 108:

1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
2. For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information

Agreements via email - from offline 108 third round:

1. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.

2. For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.

3. For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.

Working Assumption:

1. 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.
It is our understanding that ephemeris based cell reselection is excluded from the WID in IOT NTN. However, some information can be useful at the UE, e.g.:

· The satellite ephemeris to assist cell selection for UE waking up from eDRX or PSM 
· The timing information on when a cell is going to stop serving the area to delay a connection establishment if the remaining serving time is not deemed long enough to complete the connection. This will allow avoiding RLF. 

In the last meeting, RAN2 has made the following agreements for IOT NTN:
· RAN2 assumes that Satellite assistance information, e.g. for cell selection reselection, for serving cell is provided to UE.

· 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. 

Proposal 6: Reuse the agreement of time based cell selection in NR: UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.
2.3 Satellite assistance information

Ephemeris and common TA parameters 

RAN1#106 has agreed:

· Support the delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements

· Satellite ephemeris read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.

· Common TA parameters if indicated and read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.

· For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated.

Based on the above agreements, it is quite clear that the ephemeris information and common TA parameters can change quite frequently. To allow fast update of the parameters (i.e. independently of the BCCH modification period) and avoid potential wrap-around of the system information value tag, this type of parameters are usually carried in a separate SIB that does not affect the system information value tag (e.g. SIB12 or SIB14).

Proposal 7: The ephemeris information and common TA parameters are signalled in a new SIB. 

Proposal 8: Update to the ephemeris information and common TA parameters can take place at any time and does not affect the system information value tag.

UL synchronization validity timer(s)

RAN1#106 has agreed:

‐
The validity timer of UL synchronization is configured by the network

•
FFS: Whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters

‐
UE in RRC_IDLE reads the satellite ephemeris on SIB and the common TA parameters if indicated on SIB and (re-)start the validity timer(s) for UL synchronization before moving to RRC_CONNECTED.

•
FFS: Details of the precise (re-)start time for the validity timer for UL synchronization to ensure a common understanding between gNB and UE.

•
Other signalling details for validity timer are up to RAN2

Although the validity timer(s) may not change as frequently as the satellite ephemeris and common TA parameters, they are related information and better signalled in the same SIB. 

Proposal 9: The validity timer(s) is(are) signalled in the same SIB as satellite ephemeris and common TA parameters.

RAN1#106bis has further agreed:

· A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA parameters are signalled in the same SIB message.

If serving satellite ephemeris and common TA related parameters are only used for initial access and connected mode, then it seems sufficient to have a single validity timer. However, we think that the satellite ephemeris information may also be used in RRC_IDLE, e.g. for location based cell (re)selection. Thus it may be better to have two separate timers.

Proposal 10: RAN2 to consider having two separate validity timers for the ephemeris information and TA common parameters

RAN1 has discussed that, upon loss of the UL synchronisation (validity timer(s) and GNSS position fix becoming outdated, the UE should reacquire the satellite / TA / GNSS information.  RAN1 has discussed solution such a RLF, Release assistance indication signalling, and scheduling gap without releasing the RRC connection and left to RAN2 to specify the UE behaviour.
In current specification, eMTC and NB-IoT UEs are not required to acquire system information in RRC_CONNECTED, except when T311 is running. Thus a simple approach would be to trigger RLF upon timer expiry, re-acquire the system information and performs RRC connection re-establishment. This may not be the most efficient procedure power consumption wise and signalling wise, however, it is not supposed to happen for sporadic short transmissions and should be sufficient for Rel-17, optimisations can be considered in future releases.   

Proposal 11: Upon expiry of the UL synchronisation (validity timer(s) and outdated GNSS position fix, the UE triggers RLF, reacquires system information / GNSS position fix and performs RRC Connection Re-establishment. No other mechanism is needed in R17.

Timing information on when a cell is going to stop service
RAN2#115 has agreed:

· 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.

Similar agreement has been done for NR NTN and the location of the parameter (SIB2 or with ephemeris information) was discussed as part of the NR NTN RRC running CR.

In our view, the parameter is related to ephemeris information and its value (remaining time) will change quite fast, thus it is better located with the ephemeris information. The UE does not need to be notified when the timer expires, it can handle a timer by its own implementation.

Proposal 12: The timing information on when a cell is going to stop serving the area for the quasi-earth fixed case is signalled in the same SIB as the ephemeris information.

3 Conclusion
In this document, we have discussed TA, mobility and satellite assistance information for IOT NTN in Rel-17 and made the following observations and proposals:
Observation 1: For the earth fixed beam scenario, the legacy mechanism can be used to notify the UEs when the network stops broadcasting a TAC. 
Observation 2: For the earth moving beam scenario, the system information update notification procedure to inform the UE that a TAC is no longer broadcast does not work well in NB-IOT NTN.

Proposal 1: The system information modification notification procedure is not used in NB-IoT NTN to signal changes of TAC(s) in the earth moving beam scenario.

Proposal 2: UE does not need to be explicitly informed when the TAC is no longer broadcast.

Proposal 3: Same as for NR NTN, AS indicates to NAS layer all received TACs for the selected PLMN.

Proposal 4: The eNB in IOT NTN sends the broadcast CGI to the CN. 
Proposal 5: The eNB randomly selects one of the broadcast TACs for the selected PLMN to the CN.
Proposal 6: Reuse the agreement of time based cell selection in NR: UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.

Proposal 7: The ephemeris information and common TA parameters are signalled in a new SIB. 

Proposal 8: Update to the ephemeris information and common TA parameters can take place at any time and does not affect the system information value tag.

Proposal 9: The validity timer(s) is(are) signalled in the same SIB as satellite ephemeris and common TA parameters.

Proposal 10: RAN2 to consider having two separate validity timers for the ephemeris information and TA common parameters.
Proposal 11: Upon expiry of the UL synchronisation (validity timer(s) and outdated GNSS position fix), the UE triggers RLF, reacquires system information / GNSS position fix and performs RRC Connection Re-establishment. No other mechanism is needed in R17.

Proposal 12: The timing information on when a cell is going to stop serving the area for the quasi-earth fixed case is signalled in the same SIB as the ephemeris information.
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