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1
Introduction
The Rel-17 RAN Work Item on IoT-NTN first introduced NTN for connecting the NB-IoT and eMTC devices. However, there were bottlenecks identified in performance, mobility, and coverage discontinuity aspects. This current Rel-18 RAN Work Item [1] further enhances the IoT-NTN, with enhancements revolving around three major areas: (1) Performance (HARQ and GNSS enhancements), (2) Measurement & mobility enhancements in idle as well as connected mode, and (3) Enhancements in discontinuous coverage. It also complements the work done by SA2 study on 5GC enhancements for satellite access Phase 2.

2
Description
For IoT-NTN enhancements [2], the following is introduced to improve performance:

· HARQ feedback Enabling/Disabling:

HARQ feedback of downlink packets can be enabled or disabled per HARQ process by dedicated RRC signalling and/or DCI based indication to mitigate the impact of HARQ stalling in NB-IoT/eMTC NTN. Disabling HARQ feedback allows scheduling a HARQ process with a downlink packet before one HARQ RTT has elapsed since last scheduled, which allows lower layer latency and higher data rates per UE.  Disabling HARQ feedback can be configured even for NB-IoT with single HARQ process. For HARQ process with DL HARQ feedback disabled, the UE will not start the corresponding DL HARQ RTT timer. The (re)starting of downlink drx-inactivity timers are adjusted depending on configuration of HARQ enabling/disabling status, single or multiple TB scheduling and HARQ Ack bundling.
In the uplink two HARQ modes: HARQ mode A and HARQ mode B are introduced and configured per HARQ process basis. UL HARQ mode configuration is based on RRC signalling. For HARQ process in HARQ mode B, UE will not start the corresponding UL HARQ RTT timer. For NB-IoT NTN with single HARQ process in HARQ mode B, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission. HARQ mode B is not applicable for UL transmission using PUR. For eMTC new LCP restrictions are introduced corresponding to HARQ enabling/disabling. UE (re)starts drx-InactivityTimer accordingly based on the configured UL HARQ mode.
· Improved GNSS operations:

During long connection times and for reducing GNSS measurements impact on UE power consumption, a UE supporting improved GNSS operations can be triggered to perform or configured to autonomously perform its GNSS acquisition If ul-TransmissionExtensionEnabled is configured, a time duration starts at the end of GNSS validity duration and a UE can perform autonomously GNSS acquisition using an autonomous gap starting at the end of the time duration, or the UE can be triggered to perform GNSS acquisition before the end of the time duration. This allows a UE in RRC_CONNECTED to apply UE pre-compensation of satellite delay and Doppler to maintain UL synchronization for UL transmission in an NTN cell. While network can trigger connected UE to perform GNSS measurement using DL MAC CE, UE autonomous GNSS-triggering measurement will be configured by RRC dedicated signalling. If there is neither network trigger nor network configuration of UE autonomously GNSS measurement, UE moves to RRC_IDLE after GNSS becomes invalid. UE will report the GNSS validity duration by using a UL MAC CE and assumes the GNSS location is valid upon successful GNSS measurement. Network enables this reporting of GNSS position fix duration, in SIB2 and in dedicated signalling (for handover). 
· Moreover, for measurement and mobility enhancements:
· New time-based and location-based triggers are introduced. UE can start intra/inter frequency measurement in connected mode before the specific time. A serving cell reference location and a distance threshold / radius for UE is introduced to detect when to trigger connected mode measurements. A new SIB is introduced for the network to broadcast the neighbor cell/satellite information. Satellite ids are introduced for serving and neighbor satellites. Location-based measurement initiation can also be optionally used in idle mode for cell re-selection purposes. 
· For CHO in eMTC NTN, time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition.  
· In addition, in case of discontinuous coverage, 
· An enhancement to RRC Release is introduced. UE may directly go to RRC_IDLE after RLF is triggered if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage. 
· Based on the conclusion of SA2 study, a new cause value "Release due to discontinuous coverage" is introduced for the S1AP UE Context Release Request procedure. There is no need to enhance the existing S1AP procedure to support the tracking area reported by RAN before AN release. In this release, the paging enhancement for power saving and mobility management enhancement for discontinuous coverage are not pursued. In addition, IoT NTN has also aligned with the progress of NR NTN on the mobility issues, such as the introduction of time-based CHO over X2. While the progress of NW verified UE location in NR NTN is not considered in IoT NTN, since this topic is out of scope on IoT NTN.
· Finally, for UE’s RRM core requirements the following are identified:
· For NB-IoT and eMTC UEs in IDLE mode, cell re-selection requirements for location-based measurement triggering are specified. 
· For NB-IoT and eMTC UEs in CONNECTED mode, RAN4 specified the requirements for neighbour cell measurements and the corresponding measurement triggering before RLF.

· For NB-IoT and eMTC UEs in CONNECTED mode, RAN4 specified the RRM requirements considering the GNSS reacquisition. 

· For eMTC UEs in CONNECTED mode, RAN4 specified the Conditional Handover requirements for location-based and time-based events. 
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