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

Control plane aspects were discussed at RAN2#116 with the following agreements:
	· The AS layer indicates to NAS layer all of the received TACs for the selected PLMN.

· For quasi-earth fixed cell, 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 (inter and intra-frequency) is up to UE implementation. FFS to what extent this need to be covered in the TS. 

· Location-assisted cell reselection (e.g. as for NR NTN) is not supported for IoT NTN in rel 17.

· The use of hard TAC or soft TAC is up to network implementation in earth-fixed and earth-moving cells.
· Relaxed monitoring further enhancements are not considered for IoT NTN in rel-17.
· The serving cell ephemeris information (used for L1 pre-compensation) is signalled in a new SIB, which is NTN specific. 

· Update to serving cell ephemeris information does not affect the system information value tag and does not trigger System information modification procedure. How to trigger re-read of this information is FFS. FFS if the UE shall reacquire the new SIB when SI update is triggered.

· Updates to serving cell ephemeris information are not bound to the BCCH modification period.

· The timing information on when a serving cell is going to stop serving the area is broadcast in the same SIB as the ephemeris information.

· Broadcast of the timing information on when a serving cell is going to stop serving the area is only applicable to quasi earth fixed cell (not to moving cell).

· No enhancement to R16 RLF and RRC connection Re-establishment procedures are introduced in R17.  (this does not include handling of UL synchronisation loss which is FFS and does not include non continuous coverage).

· No extension to timers and constants is required for RLF and RRC connection Re-establishment.

· No need to extend the 10 s delay for actions upon reception of RRCConnectionRelease in NB-IoT.

· It is feasible to use the legacy barring bit to block legacy UEs, and it is possible to have a new bit that assumes the functionality of the old bit. It is FFS if it is needed to use the barring bit or whether other mechanism can be assumed (new band etc).

· No enhancement to R16 CHO are introduced in R17.


In this document, we will discuss the remaining issues for Control plane in IOT NTN.
2 Discussion
2.1 TAC handling
TAC removals
Handling of TAC removals has been discussed for several meetings and the following proposals were made as part of offline discussion 029 at RAN2#116-e [2]:

	Proposal 1:  RAN2 to discuss whether system modification procedure is used to inform UEs of TAC removal or not.  

Proposal 2:  RAN2 to discuss whether there is a need for UE to explicitly be made aware when network stops broadcasting a TAC or whether a TAC validity time can be provided to the UE.  


The issue was left open and the following was captured in the chair’s notes:

	Chair: P1 is Open, the following alternatives were discussed.

1. SI modification procedure may be used to inform UEs of TAC removal based on Network implementation. 

2. It is up to UE to re-acquire, network should not use SI info modification

3. There is a TA validity timer that trigger the UE to re-acquire.


Before discussing the different alternatives, we should keep in mind the context of IOT, where only a small proportion (20%) of UEs is pageable and where the majority of UEs is stationary. On the other hand, only UEs that are both pageable and mobile would benefit of being informed of TAC removals. In our view, we should not introduce optimisation for a small majority of UEs especially if this is at the expense of the other UEs.

Observation 1: It is not desirable to introduce optimisation for a small majority of UEs at the expense of the other UEs.

For alternative 1, if the UE is to rely on a network notification to be aware of a TAC removal, then the notification should not be up to network implementation. So alternative 1 as described does not solve the problem.

If the network is ‘mandated’ to notify the UEs then there is impact on the power consumption of all UEs and on network resource usage. In addition, it is not clear how this can work with eDRX or in NB-IoT where the modification period is in the range of 10s of seconds or minutes.

Observation 2: Leaving to the network implementation to inform UEs of TAC removal does not solve the problem.
Observation 3: Mandating the network to inform UEs of TAC removal has impact on the power consumption of all UEs and network resource usage. It would not work well with eDRX or NB-IOT.

For alternative 2, considering the WID use case of sporadic short transmission, most IOT NTN UEs will be configured with long eDRX cycle or PSM, which means that, when waking up, they will be in another cell and reacquire system information. Only for mobile UEs with no eDRX or very short eDRX cycle, there may be an issue. These UEs can be required to check system information for time to time, either per implementation or per specification. 
Observation 4: Requiring UEs to check SIB1 every eDRX cycle by implementation, e.g. before the PTW or every [X] seconds whichever is the longer, will only impact the power consumption of a minority of UEs.

For alternative 3, there was a proposal in NR to have a 16 bit timer per TAC. Assuming 12 TACs in IOT NTN as in NR NTN, in NB-IOT, this would represent one third of the maximum SIB size only for the timers and two third with the TACs. Increasing SIB1 size will also impact all UEs power consumption and network resource usage.

Observation 5: Signalling a validity timer with each TAC will increase significantly SIB1 size and impacts all UEs power consumption and network resource usage.

Proposal 1: UE does not need to be informed about TAC removals. UEs can by implementation check SIB1 from time to time, e.g. before the PTW or every [X] seconds.
TAC list in NB-IoT

At RAN2#115-e, it was agreed ‘The network may broadcast more than one TAC per PLMN in a cell, which is up to network implementation’. The agreement was reused from NR NTN.
The motivation for broadcasting more than one TAC in NTN is the very large size of a NTN cell that can cover multiple TACs and countries. The same motivation applies to NB-IoT. 

However, it is not clear why the list of TACs should be PLMN specific. In LTE and then NR, the possibility to signal different cell access information (cell identity and TAC) per PLMN was introduced in Rel-14 to facilitate small cells deployment in new spectrum by removing the need of co-ordination between operators [3]. At the time, it was agreed that there was no such need in NB-IoT. 
Proposal 2: In NB-IoT, the list of TACs broadcast in the cell is common to all PLMNs same as in legacy, where all cell access information are common to all PLMNs.

Number of TACs to be broadcast 

In NR NTN, it was agreed to signal a maximum of 12 TACs across all PLMNs. This was based on the assumption of a typical beam diameter for a LEO satellite of 100km. However, it was stated in the offline discussion that the beam diameter could be 10 times bigger in IOT NTN.
Proposal 3: RAN2 to discuss the maximum of TACs that can be broadcast in a cell in IOT NTN.
2.2 Preventing non-NTN capable UEs to try and access a NTN cell

At RAN2#116-e, it was discussed whether a mechanism was needed to prevent non-NTN capable UEs to access a NTN cell and it was suggested to check with RAN4.

In our understanding, RAN4 has agreed to introduce new frequency bands for NR NTN due to the different frequency allocations for different services based on the ITU radio regulation. However, there may be frequency overlapping between TN and NTN bands. RAN4 has also agreed that HAPS (not in the scope of the IOT NTN WID) can be deployed in TN bands and postponed the discussion for ATG (not in the scope of the IOT NTN WID) to future releases.

If we assume that IOT NTN will always be deployed in separate bands, it may be sufficient to use the frequencyIndicator in SIB1 to prevent non-NTN capable UEs to access. However, this requires that TN bands and NTN bands are never defined/ signalled as overlapping bands.

Proposal 4: If it can be guaranteed that IOT NTN will always be deployed in NTN specific bands and that no TN band will ever be defined/ signaled as overlapping band (i.e. in multibandInfoList), then the frequencyIndicator in SIB1 is enough to prevent a TN only UE to try and access a NTN cell. Otherwise a mechanism is needed.
2.3 UL synchronisation 

RAN1 has sent a LS [6] on Validity Timer for UL Synchronization as follows:

	RAN1 has discussed the following aspects and leaves it up to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer and determine which of the following aspects are to be specified: 
· Mechanisms for UE to declare loss of UL synchronization including mechanisms for UL synchronization recovery procedure when UL synchronization is lost if UL synchronization validity timer expires in RRC_CONNECTED 

· It is up to RAN2 to specify this new behaviour for connected UE within RLF set of procedures or a new procedure for re-acquiring satellite ephemeris
· Mechanism for UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters if indicated on SIB
· A new clause of RLF for loss of UL synchronization if validity timer for UL synchronization expires assuming a new re-interpretation of RLF set of procedures is specified for recovery of UL synchronization with re-acquisition of satellite ephemeris and common TA parameters if indicated 
· Potential additional RACH after re-acquisition of satellite ephemeris and common TA parameters if indicated for the UL synchronization recovery procedure in case of potential residual TA error.
· If validity timer for UL synchronization expires and no UL synchronization recovery mechanisms specified as above, UE behaviour shall declare RLF and go into idle mode autonomously to re-acquire ephemeris SIB. UE will then need to re-access the cell via Random Access procedure.

· UE signalling to indicate the validity timer for UL synchronization is about to expire


RAN1#106 has agreed:  

· 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.

Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)
RAN1#107 has agreed:  

· Validity timer for UL synchronization should be started/restarted with configured timer validity duration at the epoch time of the assistance information.
Based on the RAN1#106 agreements, if the UE is required to acquire the parameters for UL synchronisation just before access, the case where the UL synchronisation validity timer expires is an abnormal case and does not need to be optimised. 

Observation 6: UL synchronisation validity timer expiry is an abnormal case for sporadic short transmissions and does not need to be optimised.

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 is to trigger RLF upon timer expiry, re-acquire the system information and performs RRC connection re-establishment. This is not the most efficient procedure power consumption wise and signalling wise, however it is not supposed to happen for sporadic short transmissions, optimisations can be considered in future releases.   
Proposal 5: UE is required to acquire the SIB containing the parameters for UL synchronisation before access (establishment, resumption and re-establishment).
Proposal 6: UE starts a new “UL synchronisation validity timer” (TXXX) when reading the SIB with the configured timer validity duration at the epoch time of the assistance information.
Proposal 7: Upon “UL synchronisation validity timer’ (TXXX) expiry, UE triggers RLF.
Proposal 8: There is no need for the UE to report to the NW that the validity timer for UL synchronisation is about to expire. 
2.4 GNSS Fix

RAN1 has sent a LS [7] on GNSS validity duration as follows: 

	RAN1 has discussed the following aspects and leaves it up to RAN2 to take the following RAN1 agreements into consideration to specify the aspects related to GNSS position validity: 

· 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 

· The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.

· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}

· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)

RAN1 respectfully requests RAN2 to prioritize the aspects related to GNSS position validity specification work.


RAN1 has not defined any requirement on when the UE shall acquire a GNSS fix and instead has agreed that the UE shall report the GNSS fix validity duration to the network and trigger RLF, reacquire a GNSS fix and performs RRC Connection re-establishment to continue the connection when the fix becomes outdated. 

In our view, introducing a requirement that the UE acquires a new GNSS fix before initiating a RRC connection before access will make the GNSS fix becoming outdated during a RRC connection an abnormal case and thus does not need to be optimised.

Observation 7: If the UE is required to acquire a new GNSS fix before access, the GNSS fix becoming outdated during a connection is an abnormal case for sporadic short transmissions and does not need to be optimised.

Proposal 9: UE is required to acquire a new GNSS fix before access (establishment, resumption and re-establishment).

Proposal 10: When acquiring a new GNSS fix, the UE starts a new “GNSS fix validity timer” (TYYY) with the validity duration of the GNSS fix determined by UE implementation.
Proposal 11: Upon “GNSS fix validity timer’ (TYYY) expiry, UE triggers RLF.

Proposal 12: There is no need for the UE to report to the network the GNSS validity duration. 

2.5 UE location reporting 

Whether to support UE location report using RRC signalling for IOT NTN was briefly discussed at RAN2#116-e without conclusion.

It was extensively discussed for NR NTN and a LS sent [8] to ask SA3 whether there is privacy concern if a UE reports the location information to NG-RAN with ~2km radius accuracy before AS security is established, e.g. during initial access. SA3 sent a reply LS [9] recommending that RAN2 defines a solution that avoids sending unprotected UE location information to the gNB.

In the meantime, SA2 sent a LS [10] indicating that they have decided on TA reporting in ULI as follows:

· For NR satellite access, NG-RAN will report all broadcast TACs to AMF as part of ULI. 
· The NG-RAN may determine the TAI the UE is currently located and provide that TAI (if known) to AMF as part of ULI. The ULI contains the TAI for the TA in which the UE is physically located, no matter whether the TAC is broadcasted in the serving radio cell or not. NG-RAN determines the TAC based on its available knowledge of the UE location.

Based on SA2 LS, there is no need to report the UE location at initial access for the purpose of TA reporting on ULI and based on SA3 LS, it is not recommended to report unprotected UE location information to the gNB. 

For eMTC, AS security and measurement procedures are supported thus NR agreements can just been followed.
Proposal 13: For eMTC, wait for NR to conclude about location reporting and reuse NR agreements.

For NB-IoT, AS security is supported with the user plane solution and is not supported with the control plane solution. Measurement procedures are not supported with any of the solution.

Although reporting of UE location is not needed for the purpose of TAC reporting on ULI, it is useful in the physical layer for the maintenance of the UE time advance as it provides a finer information and thus will save signalling overhead for UE time advance adjustment.
For the user plane procedure, AS security is already activated when sending RRCConnectionResumeComplete and RRCConnectionReestablishmentComplete. Thus it should be possible to report the UE location in these two messages. This can be controlled by an indication in SIB2.
Proposal 14: For NB-IoT when using the user plane solution, reporting of UE location in RRCConnectionResumeComplete and RRCConnectionReestablishmentComplete is supported and controlled by an indication in SIB2.
For the control plane solution, there is no AS security at all. Although SA3 did not recommend sending the UE location unprotected, they were replying for NR where AS security is supported. In NB-IoT, there are many cases where the solutions deviate from NR or LTE due to the absence of AS security, e.g. reporting of serving cell measurements or reporting of UE capability without security are supported in NB-IoT but not in LTE/NR. It is our views that the same approach can apply to UE coarse location. 

Proposal 15: For NB-IoT, when using the control plane solution, reporting of UE coarse location in RRCConnectionSetupComplete and RRCConnectionReestablishmentComplete is supported and controlled by an indication in SIB2.
3 Conclusion
In this document, we have discussed remaining control plane issues and made the following observations and proposals:
TAC handling
Observation 1: It is not desirable to introduce optimisation for a small majority of UEs at the expense of the other UEs.
Observation 2: Leaving to the network implementation to inform UEs of TAC removal does not solve the problem. 

Observation 3: Mandating the network to inform UEs of TAC removal has impact on the power consumption of all UEs and network resource usage. It would not work well with eDRX or NB-IoT.
Observation 4: Requiring UEs to check SIB1 every eDRX cycle by implementation, e.g. before the PTW or every [X] seconds whichever is the longer, will only impact the power consumption of a minority of UEs.
Observation 5: Signalling a validity timer with each TAC will increase significantly SIB1 size and impacts all UEs power consumption and network resource usage.

Proposal 1: UE does not need to be informed about TAC removals. UEs can by implementation check SIB1 from time to time, e.g. before the PTW or every [X] seconds.
Proposal 2: In NB-IoT, the list of TACs broadcast in the cell is common to all PLMNs same as in legacy, where all cell access information are common to all PLMNs.

Proposal 3: RAN2 to discuss the maximum of TACs that can be broadcast in a cell in IOT NTN.
Preventing non-NTN capable UEs to try and access a NTN cell
Proposal 4: If it can be guaranteed that IOT NTN will always be deployed in NTN specific bands and that no TN band will ever be defined/ signaled as overlapping band (i.e. in multibandInfoList), then the frequencyIndicator in SIB1 is enough to prevent a TN only UE to try and access a NTN cell. Otherwise a mechanism is needed.

UL synchronisation

Observation 6: UL synchronisation validity timer expiry is an abnormal case for sporadic short transmissions and does not need to be optimised.

Proposal 5: UE is required to acquire the SIB containing the parameters for UL synchronisation before access (establishment, resumption and re-establishment).

Proposal 6: UE starts a new “UL validity timer” (TXXX) when reading the SIB with the configured timer validity duration at the epoch time of the assistance information.
Proposal 7: Upon “UL validity timer’ (TXXX) expiry, UE triggers RLF.

Proposal 8: There is no need for the UE to report that the validity timer for UL synchronisation is about to expire. 

GNSS fix

Observation 7: If the UE is required to acquire a new GNSS fix before access, the GNSS fix becoming outdated during a connection is an abnormal case for sporadic short transmissions and does not need to be optimised.

Proposal 9: UE is required to acquire a new GNSS fix before access (establishment, resumption and re-establishment).

Proposal 10: When acquiring a new GNSS fix, the UE starts a new “GNSS fix validity timer” (TYYY) with the validity duration of the GNSS fix determined by UE implementation.
Proposal 11: Upon “GNSS fix validity timer’ (TYYY) expiry, UE triggers RLF.

Proposal 12: There is no need for the UE to report to the network the GNSS validity duration. 

UE location reporting

Proposal 13: For eMTC, wait for NR to conclude about location reporting and reuse NR agreements.
Proposal 14: For NB-IoT, when using the user plane solution, reporting of UE location in RRCConnectionResumeComplete and RRCConnectionReestablishmentComplete is supported and controlled by an indication in SIB2.
Proposal 15: For NB-IoT, when using the control plane solution, reporting of UE coarse location in RRCConnectionSetupComplete and RRCConnectionReestablishmentComplete is supported and controlled by an indication in SIB2.
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