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Introduction
This contribution discusses enhancements to connected-mode mobility for NTN given challenges faced in applying traditional measurement-based mobility to an NTN environment. It is proposed to enhance aspects of Rel-17 mobility with knowledge of UE-satellite location information. 
This issue has been captured for RAN2 Rel-17 standardization in the WID [1] as follows:
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
Specific enhancements discussed include modifications to measurement configuration/reporting by conditioning the selection of a measurement configuration or transmission of an event-triggered measurement report on the UE-satellite location. It is further proposed that an additional conditional-handover triggering criteria based on UE-satellite distance should be introduced for Rel-17 NTN.
Discussion
In RRC_CONNECTED [2], the UE measures at least one beam of a cell, with measurement results (power values) averaged to derive the cell quality. Such filtering takes place at two levels, the physical layer to derive beam quality and at RRC level to derive the cell quality. Layer 3 cell quality measurements (i.e. RSRP and RSRQ) are derived in the same way for the serving and candidate cells, with reporting of measurements being configured by the network.
Baseline mobility procedures in Rel-16 NR leverage UE measurement reports, transmitted periodically, or triggered based on measurement events such as the RSRP/RSRQ of a neighbouring cell becoming better than the serving cell (i.e. the A3 measurement event). The UE may then be handed over to a target cell via reception of a HO command from the NW, which contains the target cell configuration.
Challenges to measurement-based mobility in NTN
Several challenges are captured in section 7.3.2.1 of TR 38.821 [3] regarding Rel-16 mobility for non-terrestrial networks. Two primary challenges facing measurement-based mobility are: measurement validity due to cell movement in LEO deployments and reduced signal-strength variation in regions of cell overlap, summarized in the following sections.
Measurement Validity in LEO deployments
Extending traditional measurement-based mobility mechanisms to LEO NTN introduces the risk of outdated measurements due to high propagation delay and network node movement. Given large delay between transmission of the measurement report and reception of the HO command, the measurements may no longer be valid, possibly leading to an incorrectly timed mobility action. For example, a late handover will cause the UE to be camped on a sub-optimal cell.
Cell overlap and reduced signal strength variation
In terrestrial systems, a UE can determine it is near the edge of a cell due to the near-far effect – a clear difference in RSRP in the cell centre as compared to cell edge. As described in [3] such an effect may not be as pronounced in non-terrestrial deployments, thus the difference in signal strength between two cells in the overlap region may be low. Given the large cell diameters possible in non-terrestrial networks the regions of cell overlap can be significantly larger than in terrestrial systems, resulting in wide areas where measurements may be similar between neighbouring cells.


Figure 2 [3]. A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN
As the Rel-16 handover mechanism is based on the A3 measurement events, the UE may have difficulty distinguishing the better cell in areas of overlap. Considered in conjunction with possibly outdated measurements as elaborated on in the previous section, such a scenario could lead to the UE ping-ponging back and forth between cells, and an overall reduction in handover robustness.
Observation 1:	Measurement-based mobility mechanisms may be unsuitable in an NTN environment due to measurement validity and reduced signal-strength variation in regions of cell overlap
Location-assisted mobility in NTN
Throughout the study phase, multiple solutions where proposed in section 7.3.2.2 to enhance mobility for UEs both with and without location information, including modification of measurement thresholds and introduction of several new conditional handover triggers. However, based on the Rel-17 WID [1], it is assumed that all Rel-17 UEs are GNSS capable, and will thus have knowledge of UE location information in addition to knowledge of satellite characteristics such as location, speed and direction from ephemeris data provided in system information.
Observation 2: 	Rel-17 NTN-capable UEs are assumed to have GNSS support and knowledge of satellite location via ephemeris data.
Given the importance of location information to enhance other aspects of the system such as distance-based pre-compensation for random access, it seems likely that a framework will be defined in Rel-17 for the UE to obtain and calculate information necessary for distance calculation. Enhancements to measurement-based mobility should therefore leverage this ability and prioritize distance-based mobility enhancements as baseline.
Enhancements to Measurement Configuration/Reporting
Having identified the issues listed in the previous section, methods were discussed in the study item phase to enhance measurement-based mobility using UE and satellite location. Areas and potential solutions in TR 38.821 [3] include enhancements to both measurement configuration/reporting and as an additional trigger for conditional handover (CHO).
One way of using UE location information to enhance measurement reporting could be to restrict the transmission of the measurement report based on distance from the UE to the satellite. For example, for inter-satellite handover, if an event triggers a measurement report, the UE may first calculate its distance to the serving and target satellite. If the UE detects that it is still relatively closer to the current serving satellite (i.e. within a configurable distance threshold) it may be configured to delay transmission of the report.
Proposal 1: 	UE measurement reporting for mobility can be conditional on distance to the satellite.

Alternatively, the network may wish to instead configure multiple measurement configurations with different event triggering thresholds depending on the UE location within the cell. For example, a UE closer to cell center may have a large threshold for triggering a measurement event compared to a UE at cell edge with a smaller threshold to compensate for small differences in RSRP in regions of cell overlap. To prevent frequent reporting of UE location to the network to ensure a proper measurement configuration, the UE may autonomously select between one or more measurement configurations conditional to the UE-satellite distance. 
Proposal 2: 	UE selects between measurement configuration(s) based on distance to cell center.
As connected-mode mobility is controlled by the network, it may also be beneficial for the gNB to have additional information regarding the UE location to make a mobility decision. By allowing the UE to transmit location information in addition to the measurement report, the network may thus verify that the UE is indeed suitable for handover. To reduce signalling overhead, the network may alternatively configure the UE to strictly report location information upon triggering of a measurement event.
Proposal 3: 	Upon a measurement event, the UE may transmit only UE-location information, only measurement report, or both together based on configuration.
Location-based triggering condition for conditional handover.
Rel-16 conditional handover (CHO) is defined as the UE having network configuration for initiating access to the target cell based on configured conditions. The usage of conditional handover is decided by the network, and the UE evaluates when this condition is valid. 
Given the large propagation delay in NTN, the latency associated with mobility signalling (e.g. measurement report and handover command) may be excessive, introducing the possibility of service interruption. By instead configuring the UE with conditional handover, the UE can evaluate the handover criterion locally without transmission of a measurement report, thus reducing handover latency. 
Observation 3:	CHO is an important method to reduce handover latency in NTN given large propagation delay.
Current NR Rel-16 CHO triggering criteria are measurement-based, however as mentioned this may not be suitable for non-terrestrial environments. As captured in the TR, utilizing a UE-satellite location-based CHO trigger would be well suited to enhance existing measurement-based CHO mobility triggering, especially in areas of cell overlap where to compensate for reduced signal strength variation the triggering thresholds may need to be relatively small, introducing the possibility for an erroneous mobility action.
Observation 4:	Currently, only measurement-based triggering is used for terrestrial conditional handover which may be unsuitable for an NTN environment.
Proposal 4: 	A CHO trigger based on UE and satellite distance is introduced in Rel-17 NTN.
Proposal 5: 	UE-satellite distance-based CHO trigger(s) may be configured independently, or jointly with measurement-based trigger(s).
Conclusion
In this contribution the following observations and proposals were made concerning location-assisted connected-mode mobility in non-terrestrial networks
Observation 1:	Measurement-based mobility mechanisms may be unsuitable in an NTN environment due to measurement validity and reduced signal-strength variation in regions of cell overlap
Observation 2: 	Rel-17 NTN-capable UEs are assumed to have GNSS support and knowledge of satellite location via ephemeris data.
Proposal 1: 	UE measurement reporting for mobility can be conditional on distance to the satellite.
Proposal 2: 	UE selects between measurement configuration(s) based on distance to cell center.
Proposal 3: 	Upon a measurement event, the UE may transmit only UE-location information, only measurement report, or both together based on configuration.
Observation 3:	CHO is an important method to reduce handover latency in NTN given large propagation delay.
Observation 4:	Currently, only measurement-based triggering is used for terrestrial conditional handover which may be unsuitable for an NTN environment.
Proposal 4: 	A CHO trigger based on UE and satellite distance is introduced in Rel-17 NTN.
Proposal 5: 	UE-satellite distance-based CHO trigger(s) may be configured independently, or jointly with measurement-based trigger(s).
References
RP-201256 – ”Solutions for NR to support non-terrestrial networks (NTN)”  Rel-17 NTN WID
TS 38.300
TR 38.821 – “Solutions for NR to support non-terrestrial networks (NTN)”
	5/5	
image1.emf
gNB

Near-UE

Far-UE

Received signal strength

Near-UE

Far-UE

Received signal strength

NTN gNB

(a) (b)

Distance Distance


Microsoft_Visio_Drawing.vsdx








gNB
Near-UE
Far-UE
Received signal strength
Near-UE
Far-UE






Received signal strength


NTN gNB
(a)
(b)
Distance
Distance



