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1	Introduction

The following general challenges for non-terrestrial mobility have been identified and captured in TR 38.821 [1], based on the outcome of a previous email discussion [2]:

	For GEO NTN, mobility management procedures require adaptations to accommodate large propagation delay. In particular radio link management may require specific configuration.
For LEO NTN, mobility management procedures should be enhanced to take into account satellite movement related aspects such as measurement validity, UE velocity, movement direction, large and varying propagation delay and dynamic neighbour cell set.



Furthermore, the [106#73][NR/NTN ] “Mobility issues and solutions” [3] email discussion is meant to capture and discuss mobility challenges and possible solutions for non-terrestrial networks proposed so far in RAN2.

Following are among the main challenges identified for mobility in LEO NTN scenarios:
1. Latency associated with mobility signalling
2. Measurement validity and need for signalling latency reduction
3. Handover for large number of UEs (cell level mobility)
4. Conditional Handover (enhancements)

This contribution proposes a measurement reporting and mobility signalling mechanism which minimises the impact of the large signalling latency. The proposed mechanism can be used with ‘normal’ hand-over procedures or in conditional hand-over setups.
2	Radio mobility aspects in NTN LEO scenarios with fixed beams
The general radio mobility problem in a LEO NTN scenario with fixed beams, where the beams move with the satellite (scenario C2/D2), is how to avoid long handover procedure times - measurement, preparation, execution phases - to a new satellite cell, and at the same time reduce the risk of handover failures considering the low signal levels at which these cell changes happen (extreme link budget radio conditions).
Previous 3GPP solutions for LTE and 5G NR were developed to reduce hand-over times in terrestrial networks (make-before-break, conditional handover, dual-connectivity based handover); these might not be optimal, or not possible to be used, directly for NTN scenarios due to the largely different radio propagation conditions, fast movements of the target and source cell(s) and ultimately large differences between the signals received at the UE depending on its relative location w.r.t. to the source and target cell(s).
Furthermore, most of the handover enhancements developed for terrestrial networks assume that data can be forwarded from the source cell to the candidate target satellite cells in timely manner. This is a strong assumption in NTN scenarios and might be even impossible to achieve when a very large number of UEs are to perform handover (satellite cell coverage areas are in the order of 200km to 500km radius).
For NTN it has been proposed to use the ephemeris data [1][3] of the satellites in combination with UE geo-location information in addition to traditional radio measurements to trigger handovers between NR cells from different satellites (inter-satellite) or between NR cells from the same satellite (intra-satellite). However, when the UE geo-location is not known – the current baseline in TR38.821 – or even in the case it is known but the accuracy is low, the radio handovers must still rely on traditional UE radio measurements and reporting mechanism, even if the ephemeris data of the satellites is available.
Naturally, the time evolution of the received signal levels from an NTN cell depends on the UE location relative to the satellite orbit and the satellite location on orbit. As an example, to illustrate the problem, we show in Figure 1 (a and b) a time trace of the estimated total path gains values at fixed UE location on Earth for different satellite beams from a moving LEO satellite (7.5km/s) at 600km altitude, with beam moving on earth. The simulation assumptions and channel model are as specified in Section 6.1.1 for Scenario C2/D2 [1]:  NR cell diameter of 50km, S-band deployment, RX/TX losses, omni-directional UE antenna pattern, Bessel function NR cell beam pattern, always LOS channel conditions. The plotted path gain samples are calculated with a 100ms time step. 
Figure 1b shows a close-up look at a shorter time interval from Figure 1a. All different depicted beams (B36-39, B58) are originating from the same satellite (S204). The UE can be assumed to be connected to the satellite beam with strongest signal (highest path gain, or highest RSRP); in these examples, for simplicity each satellite beam is assumed to be one NR cell, so a radio cell HO would need to occur when switching between satellite beams.
In Figure 1.b the problem is illustrated by the following sequence of events. 
- Starting from time 5s, the UE is connected to beam B37 (the strongest)
- Around time 7.5s, the signal level from beam B39 becomes strong enough to be considered as candidate for HO; the beam B38 is also a potential HO candidate
- A traditional HO event A3 with a hysteresis of 3dB would start the time to trigger at around time 8.5s and with a time to trigger of 300ms, at 8.8s the serving beam B37 would have already lost 6-7dB compared to when it was the best serving beam
- By the time the HO is executed, say 100ms later, at time 8.9s, the experienced 8-9 dB signal loss could cause a RLF or HO failure, due to very low RSRP (below -110dBm, depending also on the EIRP of the satellite beam)
The problem above can be avoided, or mitigated, if the average received signal strength time evolution can be ‘foreseen’ by the UE (or serving gNB), within a reasonable time window, and the HO can be executed closer to time 8s, where the serving cell is still strong enough to not cause RLF.
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Figure 1.a – An example time trace of the estimated total path gains values at fixed UE location on Earth for different satellite beams from a moving LEO satellite (100 seconds time window). NTN LEO with fixed beams, scenario C2/D2 is assumed.
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Figure 1.b – Zoom-in for the time trace in Figure 1-a. The HO problem is illustrated with the signal evolution during the time interval from 5s to 9s.

A typical scenario where a radio hand-over is triggered according to currently specified mechanisms TR38.331, is depicted in Figure 2:
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Figure 2 - Example of mobility measurements and handover event trigger

When the configured trigger conditions are fulfilled for timeToTrigger time duration the UE reports the event to the source cell (SpCell) and the network starts the handover procedure. 
In an NTN LEO scenario, due to large RTT values, there is a large delay until the handover to the target cell (NCell1) is executed. During this time period the channel conditions of the UE can change, especially for the SpCell corresponding to a LEO satellite moving fast below the minimum ‘visibility’ elevation angle. 
Secondly, the slope of the RSRP signal level curves (as experienced by the UE) shown in Figure 2 depend on the antenna patterns, relative movement of the satellite gNB and UE. This further means that the same two cells, SpCell and NCell1, could be perceived with different RSRP levels and changing rates depending on the UE location on Earth w.r.t. to the two satellites’ coverage areas. Therefore, using the same configuration values for the radio measurements and mobility events for the two (or more, or all) UE locations can lead to very different outcomes in terms of successful handover (as an example).
Thirdly, at larger time scale and lower accuracy, the signal level curves can be pre-estimated for any geographical location/area due to the deterministic movement of the satellites. This removes some of the uncertainties in the possible signal level changes at the UE, as compared to the case of terrestrial networks. Though, the NTN channel conditions will still vary at smaller scale due to fast fading, body/building/vehicle shadowing, vegetation shadowing, atmospheric conditions, etc.
Observation 1: In NTN the currently specified mobility mechanism could lead to HO failure/RL failure due to the large signalling delay during the hand-over decision/preparation/execution time; the channel conditions of the UE can change, especially for the serving cell corresponding to a LEO satellite moving fast below the minimum ‘visibility’ elevation angle
3	Pre-triggered mobility event
One main part of the large signalling latency could be mitigated in case the UE is able to report the event earlier compared to the case depicted in Figure 1. In case the UE is able to estimate (with certain accuracy) how the RSRP signal levels of the serving and neighbouring cells will change in the next x10ms time frame, then the radio handover could be predicted, and the event be triggered in advance. However, predicting accurately the radio channel condition is a notoriously difficult problem and would likely rely on implementation specific solutions (UE algorithms). For example, in [4] a gradient based scaling method has been proposed to estimate the future change of the RSRP values, where the gradient was defined as G = ({RSRPTargetCell(t) – RSRPSourceCell(t)} – {RSRPTargetCell(t-ΔT) – RSRPSourceCell(t-ΔT)})/ ΔT.
A more practical solution could rely instead on a configurable (by the RAN) mechanisms where the UE needs only to select among a few possible ‘trends’ in the signal levels (e.g. RSRP), and these signal trends are pre-calculated, updated and signalled to the UE(s), by the RAN. This would allow for RAN adaptation, so that not all NTN cells use the same set of signal trend configurations (possibly also changing vs. time) and, also accommodate the UE specific radio channel conditions. Note that precise geographical area of the UE would not be needed, because in NTN the signal trends are very similar for larger geographical areas. Furthermore, the network could also include the estimated movement of the UE in the expected signal trends, when this information is available.
Observation 2: In NTN LEO scenarios, the average radio channel conditions exhibit a more ‘predictable’ behaviour compared to terrestrial networks and could allow for mobility mechanism which are triggered in advance to reduce the risk of HO failure/RL failures.
Figure 3 shows the proposed pre-triggered mobility mechanisms, which is mostly applicable in Scenario C2/D2. The pre-trigger event is configured as a condition based on the relative RSRP (RSRP-diff) values between the SpCell and NCell1 along with a corresponding timeToPreTrigger value. 
In LEO Scenario C1/D1 (steerable beams, fixed cell on earth) the path gain experienced by the UEs would still exhibit variation vs. time due to the movement of the satellite. However, in this case the target cell, from the target satellite, would be detected by the UE (actually all UEs in the cell) only shortly before the radio handover has to be performed (the actual time window is implementation specific). Thus, the received signal trends might be ‘predictable’ but a significantly shorter time window is available to estimate them.
Observation 3: In NTN LEO scenarios with steerable beams (C1/D1) the mobility mechanism which are triggered in advance can be used provided the available time window for the satellite switch is sufficiently long.
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Figure 3 - Proposed pre-triggered mobility event (example) for NTN LEO with fixed beams (C2/D2).
[bookmark: _GoBack]Solution details:
· The network provides the UE with the expected trends of the radio measurements (RSRP, RSRQ) based on the area the UE is located in or based on the coverage footprint of the satellite and its neighbor satellites. 
· To minimize the signaling of the signal trend information, these trends can be provided for example in the form of timeToPreTrigger vs. gradient RSRP-diff, or RSRP-diff vs. time. (Further refinement is possible, for example by including different trend information for different neighbor cell ID and/or different target timeToPreTrigger values.)
· The UE compares its radio measurements with the expected trend and once they match with certain accuracy (also configurable by the network), it reports back to the Network, that there is a match together with the corresponding timeline (timeToPreTrigger and/or neighbor cell ID), such that the network can anticipate and prepare for a handover to one or more target cells.

Some of the main advantages of this proposed solution are:
· Earlier (in advance) and potentially more accurate measurement reports available at the SpCell, which allow to perform better hand-over decisions 
· Avoid potential HO failures due to significant SpCell signal degradation during the HO decision, preparation and signalling time (including large RTT to/from satellite)
· Can be used as condition/trigger for Conditional Handover including prioritization of target cells
· No need to rely on the use of precise UE location information and the knowledge of satellite constellation ephemeris data at the network is enough to configure the pre-trigger event

Proposal 1: RAN2 to consider and study the feasibility of mobility events which use pre-estimated average radio channel behaviour, at the UE and/or serving gNB, and introduce “pre-triggering” events to mitigate the large propagation delays.
Observation 4: The use of “pre-triggering” event requires new configuration signalling to the UEs e.g. to indicate the mapping between “pre-triggering” time and estimated channel trends. This new signalling can partly replace the currently standardised signalling information for the same cell HO purposes.
Observation 5: The use of “pre-triggering” event requires new functionality in the UE to support the use of the of new configuration information and the processing of the pre-event measurements.
Proposal 2: RAN2 to agree to capture the below TP in the TR 38.821.
4	Conclusion
We conclude with the following observations and proposals:
Observation 1: In NTN the currently specified mobility mechanism could lead to HO failure/RL failure due to the large signalling delay during the hand-over decision/preparation/execution time; the channel conditions of the UE can change, especially for the serving cell corresponding to a LEO satellite moving fast below the minimum ‘visibility’ elevation angle
Observation 2: In NTN scenarios, the average radio channel conditions exhibit a more ‘predictable’ behaviour compared to terrestrial networks and could allow for mobility mechanism which are triggered in advance to reduce the risk of HO failure/RL failures.
Observation 3: In NTN LEO scenarios with steerable beams (C1/D1) the mobility mechanism which are triggered in advance can be used provided the available time window for the satellite switch is sufficiently long.
Observation 4: The use of “pre-triggering” event requires new configuration signalling to the UEs e.g. to indicate the mapping between “pre-triggering” time and estimated channel trends. This new signalling can partly replace the currently standardised signalling information for the same cell HO purposes.
Observation 5: The use of “pre-triggering” event requires new functionality in the UE to support the use of the of new configuration information and the processing of the pre-event measurements.
Proposal 1: RAN2 to consider and study the feasibility of mobility events which use pre-estimated average radio channel behaviour and introduce “pre-triggering” events to mitigate the large propagation delays.
Proposal 2: RAN2 to agree to capture the below TP in the TR 38.821
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[bookmark: _Toc9617131]8.3.X	Solution options for NTN LEO mobility 
[bookmark: _Toc6470802]8.3.X.1	Pre-triggered mobility event to minimize HO failures and RL failures 
One main part of the large signalling latency could be mitigated in case the UE is able to report the event earlier compared to the case depicted in Figure 1. In case the UE is able to estimate (with certain accuracy) how the RSRP signal levels of the serving and neighbouring cells will change in the next x10ms time frame, then the radio handover could be predicted, and the event be triggered in advance. However, predicting accurately the radio channel condition is a notoriously difficult problem and would likely rely on implementation specific solutions (UE algorithms). For example, in [4] a gradient based scaling method has been proposed to estimate the future change of the RSRP values, where the gradient was defined as G = ({RSRPTargetCell(t) – RSRPSourceCell(t)} – {RSRPTargetCell(t-ΔT) – RSRPSourceCell(t-ΔT)})/ ΔT.
A more practical solution could rely instead on a configurable (by the RAN) mechanisms where the UE needs only to select among a few possible ‘trends’ in the signal levels (e.g. RSRP), and these signal trends are pre-calculated, updated and signalled to the UE(s), by the RAN. This would allow for RAN adaptation, so that not all NTN cells use the same set of signal trend configurations (possibly also changing vs. time) and, also accommodate the UE specific radio channel conditions. Note that precise geographical area of the UE would not be needed, because in NTN the signal trends are very similar for larger geographical areas. Furthermore, the network could also include the estimated movement of the UE in the expected signal trends, when this information is available.
Below figure shows the proposed pre-triggered mobility mechanisms. The pre-trigger event is configured as a condition based on the relative RSRP (RSRP-diff) values between the SpCell and NCell1 along with a corresponding timeToPreTrigger value. 
[image: ]
Figure 8.3.X.1-1 - Proposed pre-triggered mobility event (example) for NTN LEO with fixed beams (C2/D2).
In LEO Scenario C1/D1 (steerable beams, fixed cell on earth) the path gain experienced by the UEs would still exhibit variation vs. time due to the movement of the satellite. However, in this case the target cell, from the target satellite, would be detected by the UE (actually all UEs in the cell) only shortly before the radio handover has to be performed (the actual time window is implementation specific). Thus, the received signal trends might be ‘predictable’ but a significantly shorter time window is available to estimate them. The mobility mechanism which use pre-triggering events can be used provided the available time window for the satellite switch is sufficiently long.
Solution details:
· The network provides the UE with the expected trends of the radio measurements (RSRP, RSRQ) based on the area the UE is located in or based on the coverage footprint of the satellite and its neighbor satellites. 
· To minimize the signaling of the signal trend information, these trends can be provided for example in the form of timeToPreTrigger vs. gradient RSRP-diff, or RSRP-diff vs. time. (Further refinement is possible, for example by including different trend information for different neighbor cell ID and/or different target timeToPreTrigger values.)
· The UE compares its radio measurements with the expected trend and once they match with certain accuracy (also configurable by the network), it reports back to the Network, that there is a match together with the corresponding timeline (timeToPreTrigger and/or neighbor cell ID), such that the network can anticipate and prepare for a handover to one or more target cells.

Following are the main advantages of this proposed solution:
· Earlier (in advance) and potentially more accurate measurement reports available at the SpCell, which allow to perform better hand-over decisions.
· Avoid potential HO failures due to significant SpCell signal degradation during the HO decision, preparation and signalling time (including large RTT to/from satellite).
· Can be used as condition/trigger for Conditional Handover including prioritization of target cells.
· No need to rely on the use of precise UE location information and the knowledge of satellite constellation ephemeris data at the network is enough to configure the pre-trigger event.

<<TP end>>




image1.emf
0 10 20 30 40 50 60 70 80 90 100

Time (s)

-240

-230

-220

-210

-200

-190

-180

-170

-160

-150

T

o

t

a

l

 

p

a

t

h

 

g

a

i

n

 

(

d

B

)

Fixed UE on Earth. Moving beams from a LEO satellite in a 600km orbit

S204, B36

S204, B37

S204, B38

S204, B39

S204, B58


image2.emf
5 6 7 8 9 10 11 12 13 14 15

Time (s)

-172

-170

-168

-166

-164

-162

-160

-158

-156

-154

T

o

t

a

l

 

p

a

t

h

 

g

a

i

n

 

(

d

B

)

Fixed UE on Earth. Moving beams from a LEO satellite in a 600km orbit

S204, B36

S204, B37

S204, B38

S204, B39

S204, B58


image3.png
f-rrlifg.ﬁe; MeasReport New
ulfille
RSRP (dB) — SpCell cell
\
SpCell
NCell1
> > time

timeToTrigger HO decision, preparation

and execution, including RTTs

— RSRP SpCell
— RSRP NCell
® Meas. on SpCell

® Meas. on NCelll




image4.png
—— RSRP SpCell

— RSRP NCell
. ® Meas. on SpCell
PreTrigger
fu|ﬁ”ge% MeasReport New ® Meas. on NCelll
RSRP (dB) e SpCell cell <> Estimated RSRP
difference between
— SpCel and NCell
SpCell °
NCell1
- > > time

timeToPreTriggerl HO decision, preparation
and execution, including RTTs




