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1. Introduction

In RAN2#116e meeting, CP impact on NB-IoT/eMTC support for NTN was discussed, and the following agreements have been made. 
	· 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 contribution, we further discuss left open issues on CP aspect for IoT NTN and provide our views.
2. Discussion 
Start for neighbour cell measurement
RAN2 has made the following agreement regarding neighbour cell measurement for IoT NTN.

	· 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. 


In RAN2#116e meeting, RAN2 discussed the co-existence of serving cell stop time based principle and legacy measurement principle in NR NTN WI and has reached the following agreement.
Agreements via email - from offline 102 - second round:

1. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area, regardless of (the distance between UE and serving cell reference location) or (if legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).

Since Srxlev/Squal based measurement principle is also used in LTE, we need to consider the co-existence of serving cell stop time based principle and Srxlev/Squal based measurement principle for IoT NTN. We think the same principle as agreed in NR NTN can be reused for IoT NTN.
Proposal 1 For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area, regardless of whether legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is lower than the thresholds.
TAC removal handling
Similar as NR NTN, RAN2 has agreed to support both hard TAU and soft TAU for IoT over NTN, the related RAN2 agreements are given as following.
	· The network may broadcast more than one TAC per PLMN in a cell, which is up to network implementation.
· 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)


One left open issue is whether system information modification procedure is used to inform TAC removals. When the network stops broadcasting a TAC, if network does not notify this to UE, the UE may not know it, which would cause the UE to miss paging message. Therefore, we think system information modification procedure should be used to inform TAC removals to avoid UE from paging message missing.
Proposal 2 System information modification procedure is used to inform TAC removals.
Validity timer for UL synchronization

In the last RAN1 e-meetings, RAN1 discussed validity timer for UL synchronization in IoT NTN. According to RAN1 discussion, a validity timer for both serving satellite ephemeris data and common TA related parameters is introduced, which indicates the maximum time during which the UE can apply the serving satellite ephemeris and common TA for UL synchronization without having acquired the SIB for new satellite ephemeris and common TA parameters. RAN2 is asked to specify UE behaviour related to expiry of the validity timer.
In RAN2#116e meeting, this issue was preliminary discussed offline but has not reach consensus. In general, the following solutions were proposed by companies to facilitate a UE in connected mode to acquire SIB and recover UL synchronization after expiration of the validity timer:
· Option 1: UE reports of validity timer status to network so that network could release the UE to RRC_IDLE state. 

· Option 2: UE triggers RLF for synchronization recovery. 

· Option 3: UE re-acquires the SIB and triggers RACH procedure to recover from UL out of synchronization.
For option 1, we understand the intention of introducing this UE reporting is to reach a common understanding about the validity timer status between network and UE, so that NW could decide to release the RRC connection of the UE when it knows the validity timer has expired, which may reduce unnecessary scheduling of the UE. However, we don’t think this is an essential optimization. This is because that, with the knowledge of the validity timer status, network could do nothing to help the UE to re-acquire the SIB for new satellite ephemeris and common TA parameters. In our view, the reporting of validity timer status is not needed at all.
For option 2, we need to introduce a new trigger for RLF. As triggering RLF and RRC reestablishment procedure would lead to more signalling overhead and thus more UE power consumption, , this option is not beneficial for IoT devices.
Since the UL out of synchronization caused by the expiry of validity timer is very similar as the legacy UL out of synchronization caused by the expiry of TA timer, e.g., both can lead to the infeasible UL transmission, we think option 3 is more straightforward. The only new requirement is that the UE needs to firstly acquire the serving satellite ephemeris data and common TA parameters from SIB before triggering a RACH, which is not supported in the current spec. However, we think this is technically feasible as, upon UL out of synchornization, UE is not involved in any transmission or reception and thus should be able to acquire SIB. 
Proposal 3 Upon expiry of the validity timer, UE re-acquires the SIB and triggers RACH procedure to recover from UL out of synchronization.
Handling of GNSS fix validity

In RAN1#107e meeting, RAN1 discussed the issue on GNSS position validity and has made the following agreements. 

	Agreement:
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}

Agreement:
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.


RAN2 has received a LS from RAN1, in which RAN2 is asked to take the above RAN1 agreements into consideration to specify the aspects related to GNSS position validity. 
In our understanding, the intention of reporting UE’s GNSS validity duration X to network is to reach a common understanding about the GNSS validity timer status between network and UE, so that NW knows when UE would go back to IDLE mode due to expiry of GNSS validity timer. However, reporting UE’s GNSS validity duration X only may not be enough, as network does not know when UE starts the GNSS validity timer, e.g. the RRC signalling carrying GNSS validity duration X may undergo HARQ and ARQ retransmissions before it is received by network. Therefore, we think UE should report GNSS validity duration X together with the epoch time when the GNSS validity timer is started.
Observation 1 As UL message may undergo HARQ/ARQ retransmission, network may not correctly know UE’s GNSS validity timer status if UE only reports its GNSS validity duration X.
Proposal 4 UE reports GNSS validity duration X together with the epoch time when the GNSS validity timer is started.
Regarding the signalling aspects, since RAN1 has agreed to use RRC signalling for UE to report the information associated with this valid duration to the network, we think the UEAssistanceInformation message could be used.

Proposal 5 UE reports the information associated with this valid duration to the network in the UEAssistanceInformation message.
In addition, as agreed in RAN1, 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. We are not sure whether the intention is to allow UE to autonomously go back to idle mode, or it should be the network to release UE to idle mode. Note that, we have never specified UE autonomous transition to idle mode, except for the dataInactiveTimer mechanism with intends to cope with the issue of miss reception of connection release message. We think RAN2 should be careful about this and discuss if this can be acceptable, especially to network vendors. If RAN2 agrees to something that is different from RAN1 agreements, we need to inform RAN1 of that.
Proposal 6 RAN2 to discuss whether UE can autonomously go back to idle mode, or it should be the network to release UE to idle mode if GNSS becomes outdated.
Proposal 7 Send LS to RAN1 and inform RAN1 of RAN2’s understanding if that is different from RAN1 agreements.
UE Location reporting

In NR NTN WI, RAN2 discussed UE location reporting and has made the following agreements in RAN2#115e meeting.
Agreements:

1. After AS security is established, gNB can obtain a GNSS-based location information from the UE using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig. It is up to SA3 to decide whether User Consent is required before NW acquires location information from the UE in NTN.

2. If accepted by SA3, if the gNB has user consent to obtain UE location in NTN, reporting of finer location information/full GNSS coordinates in RRC_CONNECTED can be supported after AS security is enabled

In IoT NTN, there may be security issue for UE location reporting, especially for NB-IoT with control plane CIoT EPS/5GS optimisation where AS security is not used. There, we prefer not to support UE location reporting in IoT NTN.
Proposal 8 Don’t support UE location reporting in IoT NTN.

3. Conclusion
Based on the discussion we give the following proposals:

Proposal 1 For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area, regardless of whether legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is lower than the thresholds.

Proposal 2 System information modification procedure is used to inform TAC removals.
Proposal 3 Upon expiry of the validity timer, UE re-acquires the SIB and triggers RACH procedure to recover from UL out of synchronization.
Proposal 4 UE reports GNSS validity duration X together with the epoch time when the GNSS validity timer is started.
Proposal 5 UE reports the information associated with this valid duration to the network in the UEAssistanceInformation message.
Proposal 6 RAN2 to discuss whether UE can autonomously go back to idle mode, or it should be the network to release UE to idle mode if GNSS becomes outdated.
Proposal 7 Send LS to RAN1 and inform RAN1 of RAN2’s understanding if that is different from RAN1 agreements.
Proposal 8 Don’t support UE location reporting in IoT NTN.
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