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Introduction
Adaptations to NR mobility must address the following issues in NTN: 1) increased signalling latency due to large propagation delay; 2) frequent cell change due to satellite movement; and 3) lower robustness of measurement-based mobility due to reduced signal strength variation between cell center and cell edge and large regions of cell overlap. Rel-17 NR NTN partially addressed these issues via enhancements to conditional handover, measurement reporting, and measurement rules for cell (re)selection.
An objective for Rel-18 NR NTN is to continue enhancements for both NTN-NTN and NTN-TN mobility and service continuity. Work will consider existing methods from NR TN and Rel-17 NR NTN as baseline for further enhancements, and will target the following specific objectives:
· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]
This document focuses on the RRC_CONNECTED case (i.e. bullet 2). First an overview of non-terrestrial networks is provided, describing supported deployment scenarios and Rel-17 enhancements for mobility. Possible Rel-18 enhancements are then proposed, including: DAPS handover; extension of conditional RRC reconfiguration; and inclusion of discontinuous coverage scenario in NR NTN.
Release-17 non-terrestrial networks
NTN deployment scenarios
Rel-17 NTN deployment scenarios are generally classified by three characteristics: 1) the satellite payload configuration; 2) the satellite orbit; and 3) the service link type. Currently NR only supports a transparent payload configuration, where an NTN payload (satellite) forwards the radio protocol received from the UE (via the service link) to the NTN gateway (via the feeder link) and vice-versa. 
Two orbital classfications are supported: Geosynchronous orbit (GSO) and Non-Geosynchronous orbit (NGSO). NGSO orbits include Low Earth Orbit at altitude between approximately 300 km and 1500 km, and Medium Earth Orbit at altitude between approximately 7000 km and 25000 km. GSO altitudes are relatively fixed at approximately 35786km. Round trip propagation delays range from approximately 25.77ms for NGSO at 600km, to 541.46ms for GSO.
Three types of service links are supported:
· Earth-fixed: provisioned by beam(s) continuously covering the same geographical areas all the time;
· Quasi-Earth-fixed: provisioned by beam(s) covering one geographic area for a limited period and a different geographic area during another period;
· Earth-moving: provisioned by beam(s) whose coverage area slides over the Earth surface.
For NGSO satellites, the gNB can provide either quasi-Earth-fixed cell coverage or Earth-moving cell coverage, while gNB operating with GSO satellite can provide Earth fixed cell coverage. Typical beam footprint diameters for NGSO deployments range in diameter from 100 – 1000 km, and GEO deployments range from 200 – 3500 km diameter.
Rel-17 RRC_CONNECTED enhancements
Rel-17 enhancements to RRC_CONNECTED focus primarily on adapting mobility and measurement procedures to non-terrestrial environments. Key modifications to mobility include additional execution conditions for conditional handover such as the A4 event, and time/location-based conditions:
· The location-based event is defined by the condEventD1, where the event will be satisfied if the distance between the UE and a first reference location (e.g. within the serving cell) is above a threshold and a second reference location (e.g. within a neighbouring cell) is below a threshold.
· The time-based event is defined by the condEventT1, where the event will be satisfied if conditional handover execution occurs between T1 and T2, where T2 = T1 + a duration.
Both time and location-based trigger conditions must be simultaneously configured with a measurement condition (e.g. A4) in Rel-17 NTN.
Other modifications apply to measurements, and include the following:: 
· location-based measurement reporting (based on eventD1, with similar execution conditions as condEventD1). 
· Multiple SMTCs can be configured per carrier for a given set of cells using propagation delay difference, feeder-link delay, and serving/neighbour cell statellie ephemeris
· Measurement gaps can be configured using the same propagation delay differences as computed for SMTC.
Release 18 enhancements
Dual Active Protocol Stack (DAPS) handover in NTN
In Release 16 NR, Dual Active Protocol Stack (DAPS) handover was introduced to improve service continuity and reduce interruption time during handover. In a DAPS handover the UE continues downlink user data reception from the source gNB until releasing the source cell, and continues user data transmission to the source gNB until successful random access procedure to the target gNB.
A DAPS handover is configured per DRB, and normal PDCP/RLC/MAC procedures are applied for bearer(s) not configured for DAPS handover. The handover mechanism triggered by RRC requires the UE at least to reset the MAC entity and re-establish RLC, except for DAPS handover, where upon reception of the handover command, the UE:
· Creates a MAC entity for the target;
· Establishes the RLC entity and an associated logical channel for the target for each DRB configured with DAPS (hence the name dual protocol stack);
· For the DRB configured with DAPS, reconfigures the PDCP entity with separate security and ROHC functions for source and target and associates them with the RLC entities configured by the source and the target;
· Retains the rest of the source configurations until instructed to release the source.
Observation 1:	DAPS handovers reduce interruption time and improve service continuity during the handover procedure by allowing continued reception of downlink user data from the source gNB (until the source cell is released), and continued user data transmission (until successful random access to target gNB).
NTN environments are well suited for DAPS handovers due to the large propagation delay, which may cause service continuity issues due to increased latency of the mobility procedure. Continued data reception and transmission with the source cell during DAPS handover can mitigate the impact of mobility signalling latency.
Observation 2:	DAPS handovers can mitigate service continuity issues caused by large propagation delay during NTN mobility.
DAPS handover is particularly useful for NGSO deployments, where mobility signalling latency is compounded by frequent handovers due to satellite movement. Although GSO deployments experience greater propagation delay, the frequency of handover is reduced due to the larger cell sizes and earth-fixed nature of the cells. It is therefore proposed that RAN2 prioritize NGSO deployment scenarios in Rel-18 NTN.
Proposal 1:	DAPS handover is supported in Rel-18 NTN, with NGSO scenario prioritized.
Conditional RRC Reconfiguration
Conditional handover is supported in NR via the Conditional Reconfiguration procedure, where a UE is configured with one or more candidate target SpCells via the ConditionalReconfiguration IE. The UE evaluates the condition of each configured candidate target SpCell, and applies the conditional reconfiguration if a target SpCells fulfils the associated execution conditions. This reduces signalling overhead and mobility procedure duration by e.g. avoiding measurement reporting prior to handover. 
Observation 3:	Conditional Reconfiguration is beneficial to reduce signalling overhead and latency during handover.
Considering large propagation delay and deterministic satellite movement, conditional reconfiguration is well suited to NTN environments since one or more upcoming target cells can be known well head of time. Rel-17 NTN mobility enhancements have leveraged this predictablility by introducing time and location-based CHO execution conditions.
Observation 4:	Conditional Reconfiguration is well suited to NTN environments considering the large propagation delay and deterministic satellite movement.
Considering the advantages of conditional reconfiguration in NTN, RAN2 can consider extending conditional reconfiguration to other aspects of RRC connection modification such as measurement reconfiguration. For example, due to large cell sizes in NTN, a UE at cell center may not need to perform the same measurements/measurement frequency as a UE located at cell edge. Adapting measurement configuration based on distance from cell center could enable measurement relaxation similar to that already adopted for IDLE/INACTIVE UEs (via distanceThresh). 
Observation 5:	Conditional measurement reconfiguration based UE location within a cell can support measurement relaxation similar to that in IDLE/INACTIVE (via distanceThresh).
Following the current specification, modifying measurements based on UE location may require: 1) the network to request UE location; 2) The UE to report UE location; 3) the network to transmit an RRCReconfiguration message with modified measurement configuration; and 4) the UE to apply the revised measurement configuration. Signalling overhead and reconfiguration delay could be greatly reduced if conditional measurement reconfiguration is applied in this case, allowing fast adapatation based on UE circumstance. 
Proposal 2:	Conditional measurement reconfiguration is supported in Rel-18 NTN.
RAN2 may also study whether other aspects of RRC Reconfiguration (e.g. establish/modify/release RBs, add/modify/release SCells/cell groups or conditional handover configuration) can support conditional RRC reconfiguration.
Proposal 3:	FFS whether conditional reconfiguration is extended to other aspects of RRC reconfiguration (e.g. establish/modify/release RBs, add/modify/release SCells/cell groups/conditional handover configurations).
Discontinuous Coverage
Discontinuous coverage in NTN refers to temporary and predictable coverage gaps caused by non-continuous coverage in NGSO deployments. Although not an issue if continuous coverage is available globally, this may not be the case in early NTN deployments or in deeply rural areas. Unlike IoT NTN, NR NTN has not addressed the discontinuous coverage scenario in Release 17. 
Based on the current specification, if a coverage gap occurs the UE will have no idea it was due to discontinuous coverage, possibly leading to RLF and unnecessary service continuity issues. Due to deterministic satellite movement, these coverage gaps can be predicted and accounted for, and Rel-17 IoT NTN supports additional assistance information (e.g. satellite ephemeris and coverage parameters such footprint radius, cell reference points or elevation angles) to predict the duration of a coverage gap. 
Observation 6:	Satellite assistance information such as ephemeris, footprint reference point/radius and elevation angles can be used to predict discontinuous coverage gap start and duration. 
Since this assistance information is already supported in Rel-17 IoT NTN, it should be extended to NR NTN as baseline. RAN2 may then use such information to adapt relevant procedures (e.g. RLF) to account for discontinuous coverage scenario. 
Proposal 4:	Discontinuous coverage scenario is included in Rel-18 NR NTN service continuity work. 
Conclusion
In this contribution the following observations and proposals were made concerning RRC_CONNECTED measurement, mobility, and service continuity enhancements in Rel-18 NR NTN:
Observation 1:	DAPS handovers reduce interruption time and improve service continuity during the handover procedure by allowing continued reception of downlink user data from the source gNB (until the source cell is released), and continued user data transmission (until successful random access to target gNB).
Observation 2:	DAPS handovers can mitigate service continuity issues caused by large propagation delay during NTN mobility.
Observation 3:	Conditional Reconfiguration is beneficial to reduce signalling overhead and latency during handover.
Observation 4:	Conditional Reconfiguration is well suited to NTN environments considering the large propagation delay and deterministic satellite movement.
Observation 5:	Conditional measurement reconfiguration based UE location within a cell can support measurement relaxation similar to that in IDLE/INACTIVE (via distanceThresh).
Observation 6:	Satellite assistance information such as ephemeris, footprint reference point/radius and elevation angles can be used to predict discontinuous coverage gap start and duration. 
Proposal 1:	DAPS handover is supported in Rel-18 NTN, with NGSO scenario prioritized.
Proposal 2:	Conditional measurement reconfiguration is supported in Rel-18 NTN.
Proposal 3:	FFS whether conditional reconfiguration is extended to other aspects of RRC reconfiguration (e.g. establish/modify/release RBs, add/modify/release SCells/cell groups/conditional handover configurations).
Proposal 4:	Discontinuous coverage scenario is included in Rel-18 NR NTN service continuity work. 
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