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1	Introduction
In the RANP#91 meeting, there was some discussions on the minimum scope of IoT NTN SI in Rel-17 as summarized in RP-210915. The functionalities needed specifically for IoT over NTN that cannot be translated from the ongoing NR NTN WI is one key aspect to be prioritized. In this contribution, we discuss this topic from RAN2 point of view.
2	Discussion
2.1	Enhancements on power saving in idle mode
In the RAN2-113bis-e meeting, RAN2 endorsed below point to include enhancements on power saving in idle mode as essential parts of Rel-17. 
(22/25) There is significant interest for Power saving in idle mode for NTN IOT devices, e.g. there is significant interest for enhancements to eDRX/PSM (discontinuous coverage) and to relaxed monitoring, SI acquisition and WUS. 

In the following, we discuss some of the enhancements, which may be beneficial for idle mode power saving in an NTN deployment.
System Information acquisition
In terrestrial IoT system, stationary or low mobility UE configured with eDRX configuration will have to synchronise to the same cell at the time of paging occasion and MIB acquisition. The system information contents need not be re-acquired if there was no change in system information between the eDRX paging occasions. UE detects the changes in system information based MIB value tag. For the same scenario in IoT-NTN, the UE may see new cell at time of eDRX paging occasion which depends on eDRX period and also the NTN cell change frequency. In this case the UE may need to re-acquire all the system information as it detected new cell. This will happen for most of the eDRX paging occasions. Additional system information re-acquisition for eDRX occasion will lead to considerable increase in energy consumption of idle mode operation.
Common system information across group of cells which are tracked via separate value tag can be considered to minimise the impact of system information re-acquistion. The area-based system information concept introduced in NR for specific set of system information can be extended for IoT-NTN. Alternatively, the UE may preserve system information for larger number of IoT-NTN cells with longer validity period.
Observation 1: NTN cell mobility will have significant impact on energy consumption for eDRX operation due to increased system information re-acquisition.
Proposal 1: RAN2 to consider enhancements to minimise the system information acquisition for eDRX operation as part of the study Item.
(Group) wake-up signal
The wake-up signal (WUS) was introduced for eMTC and NB-IoT in release 15. It enables the network to inform the UEs in a cell whether or not to monitor one of more Paging Occasions (POs) following the WUS. The reason for introducing the feature is that the monitoring for the sequence-based WUS is more energy efficient than monitoring for paging in the PO. In release 16, the group-WUS (GWUS) was introduced, allowing the network to only trigger a subset (a group) of UEs in a cell to monitor the PO(s). This effectively reduces the false alarm rate, and considering the large NTN cell sizes, the GWUS may be a useful feature for NTN.
One issue related to GWUS is that current specification defines it is only applicable in the cell where UE most recently entered RRC Idle. Since LEO deployments lead to fast changing cell coverage, this issue may need to be addressed to ensure general applicability of GWUS.
Another aspect related to use of GWUS is that the UE may decide not to utilize GNSS before the GWUS has indicated the UE has to monitor the PO, or potentially not utilize GNSS before PO has indicated UE needs to initiate RRC connection. Both scenarios may require that network allocates a “GNSS measurement gap”, such that UE has time to complete the GNSS measurement before network repeats GWUS/paging, because network may believe UE did not receive GWUS/paging, but in reality UE is just performing GNSS measurement.
Proposal 2: RAN2 to consider the enhancements on Group Wake-Up Signal for NTN such as applicability in the cases of moving cell and GNSS measurement gap when using GWUS.
PSM
UE in power saving mode will enter into deep sleep mode after specific timer value on entering into idle mode. The UE will start network monitoring only when there is trigger from higher layers for application data transmission. In such cases, the UE implementations may consider cell search for best cell directly for NTN scenario instead of attempting to acquire the last known cell. Attempting to camp on last known cell may be beneficial for stationary device in terrestrial scenario but will lead to additional time for network synchronisation.  Moreover, GNSS operation will be essential prior to the MO data transmission for time and frequency compensation.  Need for GNSS operation prior to PSM depends on whether GNSS operation can be independently carried out periodically or it is linked to the MO data trigger. The power consumption and the time taken for MO data transmission can be optimised if the system information acquisition prior to MO data is enhanced via some means such as common system information or area-based system information.
Observation 2: Power consumption reduction for PSM operation depends on GNSS operation interworking and system information acquisition enhancements under consideration in this study item.
Relaxed monitoring
The relaxed monitoring functionality specified for terrestrial IoT devices may not be applicable as such for NTN scenarios with moving cells. As the serving cell measurements continue to vary in moving cell scenario, decision for relaxed monitoring based on serving cell measurement variation will not lead to effective relaxed monitoring for stationary or low mobility device in NTN scenario. Modification to the relaxed monitoring criteria considering the ephemeris information and location of UE would be required to avoid unnecessary triggering of inter and intra frequency measurements before the UE is getting into the coverage of new cell.  
Proposal 3: RAN2 to consider further modifications to the relaxed monitoring functionality to improve the UE power saving for moving cell scenario.


2.2	Enhancements for UE in RRC Connected Mode
In the RAN2-113bis-e meeting, RAN2 endorsed below points to on enhancements on Connected Mode. 
For Connected mode, for both NB-IoT and eMTC, Legacy RLF and reestablishment procedures can be used (minor enhancement can be considered).
Chair: Most companies think Enhancements for power saving in connected mode are not essential for NTN IOT devices.
(19/23) Enhancements to UL scheduling for latency reduction are not essential. 

On top of that, we discuss some other possible enhancements.


Connected mode mobility
RAN2 has made the following observation in RAN2-113-e meeting on the applicability of CHO functionality for eMTC.
R2 has (so far) not identified any issue in order to support CHO for Cat-M UEs with EPC.
Support of CHO functionality for condition based on measurement events, the accuracy of UE measurements is one of the important criteria for right decision on selection of target candidate. The measurement accuracy for UE operating in CE Mode-B in extended coverage may have impact on the CHO decisions linked to measurements. 
Proposal 4: Applicability of CHO for UE in CE-Mode-B should be decided based on RAN4 analysis on measurement accuracy of CE Mode-B for CHO evaluation.
RAN2 has made following agreements for RLF enhancements in the last meeting.
For Connected mode, for both NB-IoT and eMTC, Legacy RLF and reestablishment procedures can be used (minor enhancement can be considered).

For IoT-NTN UE operating in NTN frequency bands, network assistance information about potential target cells such as system information for RACH access can be provided via dedicated signallling to optimize the re-establishment time for RLF situation can be considered. The specification changes required for this enhancement is limited to inclusion of additional information in the dedicated signalling.
Proposal 5: Inclusion of network assistance information about potential target cells of RLF should be considered if RAN2 decides to enhance RLF and re-establishment procedures for IoT-NTN.

Fast CE level determination
In terrestrial IoT system, NB-IoT UE is stationary or low-mobility UEs which the  distance and pathloss between BS and UE don’t change a lot, therefore the coverage level is only implicitly reported to the BS in the RACH procedure, and the NW will configure the maximum number of repetitions(Rmax) when the connection is setup according to the determined CE level (e.g. for PDCCH UE specific search space (USS)). For the DL and UL data transmission, the channel repetition number is signaled with DCI based on both the coverage level (Rmax) and the transmission status of previous data. When UE is in RRC Connected state, NW may reconfigure the coverage level based on link adaptation to configure different Rmax for repetitions.
For LEO in NTN, the pathloss between the UE and the satellite is continuously changing with the movement of the satellite. For UE in RRC connected state, during data transmissions (e.g. large packet for firmware update), the coverage level is possible to change with the movement of the satellite. Considering long RTT between UE and NW, the issue is that it may not efficient for NW to reconfigure the CE level only based on link adaptation. The issue may need to be addressed to facilitate NW can do fast CE level determination.
Proposal 6: RAN2 to consider fast coverage level reporting for UE in RRC Connected State.

Power saving in RRC Connected Mode
Though majority think enhancements for power saving in connected mode are not essential for NTN IOT devices, there may still be unnecessary power consumption caused by discontinuous coverage. Features related to fast RRC connection release and multiple TB scheduling can be considered as such without additional enhancements. Because these features improves the overall signalling efficiency and power consumption of connected mode operation.
Observation  3: Release assistance Information for fast connection release may be beneficial to avoid network activating NTN specific connected mode features for shorter data transmissions.
Observation 4: Multiple transport block scheduling enable faster delivery of multiple packets for moving cell scenario.
Proposal 7: RAI and Multiple transport block features are considered for Rel-17 WI scope without additional specification changes.

HARQ Enhancement 
Due to long RTT in NTN, the issue of HARQ stalling will happen. The large RTT can reduce the throughput significantly as the number of HARQ processes are much smaller than the RTT (e.g. 8 HARQ processes is available while the RTT in NTN will up to 541ms in GEO). To overcome this issue, disabling HARQ is one possible way forward for IoT NTN. 
In RAN2-113bis meeting, there is no conclusion on enhancements of disabling HARQ. In our view, it depends on whether the use case intermittent delay-tolerant small packet transmissions can be agreed as working assumption. If the expected IoT over NTN service do not require high thought and are delay tolerant, it seems legacy HARQ mechanism can be re-used.
Proposal 8: The throughput and latency requirement should be agreed first to decide HARQ enhancements for IoT NTN.
Dedicated scheduling request for NB-IoT
In release 15, the use of dedicated scheduling request for NB-IoT was introduced. Prior to that, the UE had to use random access to request uplink resources to send a buffer status report (BSR). With the new feature, the UE may piggyback a scheduling request in HARQ ACK/NACK feedback. This reduces signalling overhead and latency, which also leads to improved UE battery life.
For DL, if HARQ feedback disabling is supported, there will be issue on SR transmission which is piggyback with HARQ ACK/NACK since there is no HARQ feedback anymore.
Proposal 9: RAN2 to study dedicated scheduling request for NB-IoT with HARQ feedback disabled.

3	Conclusion
This document has made the following observations:
Observation 1: NTN cell mobility will have significant impact on energy consumption for eDRX operation due to increased system information re-acquisition.
Observation 2: Power consumption reduction for PSM operation depends on GNSS operation interworking and system information acquisition enhancements under consideration in this study item.
Observation 3: Release assistance Information for fast connection release may be beneficial to avoid network activating NTN specific connected mode features for shorter data transmissions.
Observation 4: Multiple transport block scheduling enable faster delivery of multiple packets for moving cell scenario.
And proposed the following:
Proposal 1: RAN2 to consider enhancements to minimise the system information acquisition for eDRX operation as part of the study Item.
Proposal 2: RAN2 to consider the enhancements on Group Wake-Up Signal for NTN such as applicability in the cases of moving cell and GNSS measurement gap when using GWUS.
Proposal 3: RAN2 to consider further modifications to the relaxed monitoring functionality to improve the UE power saving for moving cell scenario.
Proposal 4: Applicability of CHO for UE in CE-Mode-B should be decided based on RAN4 analysis on measurement accuracy of CE Mode-B for CHO evaluation.
Proposal 5: Inclusion of network assistance information about potential target cells of RLF should be considered if RAN2 decides to enhance RLF and re-establishment procedures for IoT-NTN.Proposal 6: RAN2 to consider fast coverage level reporting for UE in RRC Connected State.
Proposal 6: RAN2 to consider fast coverage level reporting for UE in RRC Connected State.
Proposal 7: RAI and Multiple transport block features are considered for Rel-17 WI scope without additional specification changes.
Proposal 8: The throughput and latency requirement should be agreed first to decide HARQ enhancements for IoT NTN.
Proposal 9: RAN2 to study dedicated scheduling request for NB-IoT with HARQ feedback disabled.







