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1 Introduction
In this contribution, we further discuss potential enhancements to IoT NTN mobility for both connected mode and idle mode not covered by NR NTN. 
2 Discussion
2.1 Enhancement to connected mode mobility
In RAN2 #113-e meeting, NB-IoT and eMTC support for NTN was discussed and the following agreement was made:

[036] Rel-17 RLF enhancements in NB-IoT can be considered in NB-IOT NTN, if applicable. Further enhancements on RLF-based mobility can be considered, e.g. by using satellite assistance (ephemeris) information.
In RAN2 #113b-e, the following agreement about RLF and RRC Connection Re-establishment in NTN IoT was achieved:

· For Connected mode, for both NB-IoT and eMTC, Legacy RLF and reestablishment procedures can be used (minor enhancement can be considered).
As indicated in TR 36.763 [1], there are no connected mode mobility procedures defined for NB-IoT. When an NB-IoT UE goes out of service coverage of the source cell, it experiences a Radio Link Failure (RLF). This triggers the UE to perform RRC Connection Re-establishment. 

As described in TR 38.821 [2], satellites in non-GEO orbits move with high speed relative to a fixed position on earth, leading to frequent and unavoidable handover for both stationary and moving UEs. The same challenge exists in NTN NB-IoT and enhancements to RLF taking into account time and location will be beneficial. 

2.1.1 Avoiding RLF

The following agreement was made in NR NTN:

Agreements:

1. Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.
Such information could be used for the UE to postpone the connection establishment when the UE determines that the remaining serving cell time is not sufficient to complete the data transmission, e.g. in the LEO with moving beam scenario.

Before establishing a connection, the UE will have to determine its location using its GNSS capability to estimate and pre-compensate timing and frequency offset with sufficient accuracy for the uplink transmission. It could at this point use the assistance information included in SIB (e.g. the coverage remaining time or the coverage area information) to decide whether it will have enough time to complete the UL data transmission before the cell serving time end.

Proposal 1: To capture the following candidate solution to minimise the risk of RLF happening in the TR:

· UE delays the RRC connection establishment when it estimates the remaining serving time of the cell is not sufficient to complete the UL data transmission.

2.1.2 RLF Determination

In the following, we discuss how to enhance the determination of RLF by the UE. 

The conditions to declare RLF in NB-IoT are specified in TS 36.331 section 5.3.11.3 and duplicated below:

	5.3.11.3
Detection of radio link failure

The UE shall:

1>
in case any DAPS bearer is configured, only the target PCell is considered in the following;

1>
upon T310 expiry; or

1>
upon T312 expiry; or

1>
upon random access problem indication from MCG MAC while neither T300, T301, T304 nor T311 is running; or

1>
upon indication from MCG RLC, which is allowed to be send on PCell, that the maximum number of retransmissions has been reached for an SRB or DRB:
2>
consider radio link failure to be detected for the MCG i.e. RLF;

2>
…


T310 expiry

In NB-IoT, T310 starts after N310 consecutive out-of-sync and stops after N311 consecutive in-sync. Upon expiry, the RRC Connection Re-establishment procedure is triggered or the UE goes to RRC_IDLE.

	Timer
	Start
	Stop
	At expiry

	T310

NOTE1

NOTE2
	Upon detecting physical layer problems for the PCell i.e. upon receiving N310 consecutive out-of-sync indications from lower layers
	Upon receiving N311 consecutive in-sync indications from lower layers for the PCell, upon triggering the handover procedure, upon initiating the connection re-establishment procedure, and upon initiating the MCG failure information procedure.
	If security is not activated and the UE is not a NB-IoT UE that supports RRC connection re-establishment for the Control Plane CIoT EPS/5GS optimisation: go to RRC_IDLE else: initiate the MCG failure information procedure as specified in 5.6.26 or the connection re-establishment procedure as specified in 5.3.7.


The value range of T310 is defined as below:



t310-r13



ENUMERATED {ms0, ms200, ms500, ms1000, ms2000, ms4000, ms8000}
As shown by the parameter above, RLF determination due to T310 expiry in current mechanism is up to 8 s in NB-IoT.

The following agreement was made in NR NTN:

Agreements:

2. Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.
Such information could be considered in RLF determination mechanism, for example to determine RLF when the UE is out of coverage of a NTN cell, especially in the LEO with moving beam scenario. The UE could determine it is out of coverage based on its location (calculated using its GNSS capability) and the coverage information from assistance information included in SIB (e.g. the coverage remaining time or the coverage area information) or ephemeris. 
Since T310 expiry to determine RLF works in NTN scenarios and that checking continuously in-coverage based on the UE location will be very power consuming, we can consider some additional condition, e.g. “UE is not in the coverage of cell/at the end of serving time” and “T310 is running”. In this way, the determination of RLF is also more reliable.
Another option is to make use of R17 RLF enhancements in NB-IoT and allow the UE to perform cell selection while T310 is running once a suitable cell is available based on location or neighbour cell measurements. In this way, the RRC Connection Re-establishment procedure is accelerated.
Proposal 2: To capture the following candidate solutions to enhance RLF for NB-IOT NTN in the TR:
· Solution 1: UE determines RLF using the serving time of the cell, i.e. at the end of serving time period UE can declare RLF.

· Solution 2: UE determines RLF based on the condition “UE is at the end of serving time” and “T310 is running”.

· Solution 3: If one suitable cell is available (location based or RSRP based), UE can trigger cell selection and RRC Connection Re-establishment while T310 is running.
2.1.3 Conditional RRC Connection Re-establishment
In NTN, based on ephemeris and neighbour cell management or other information, the gNB can predict the details of the upcoming cell, e.g. the cell ID, the frequency, PCI, and broadcast them in the SIB. With such information, the UE can select directly this upcoming cell to perform RRC connection re-establishment. This would save time and power consumption in the UE.
Proposal 3: To capture the following candidate solution to support conditional RRC Connection Re-establishment in the TR:

· Network provides the cell ID for UE to perform RRC Connection Re-establishment.
2.2 Enhancement to idle mode mobility
In RAN2 #113bis-e meeting, RAN2 has made the agreement to consider the discontinuous satellite coverage scenario as below:

	· (modified P1) For handling of coverage holes or discountinous satellite coverage in a power efficient way R2 assumes that Sattelite assistance information, e.g. ephemeris info, can be used. 


And also RAN2 had an observation for power saving in idle mode:

	· (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. 


We see how to address power saving in idle mode, especially in discontinuous satellite coverage scenario, is key to IoT UE battery life, so needs to be further discussed. In this contribution, we discuss adaptations of power saving solutions in IoT NTN.
Ephemeris data has been discussed in RAN1, and the latest agreements are as below:

	Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:

· Set 1: Satellite position and velocity state vectors: 

· position X,Y,Z in ECEF (m)  

· velocity VX,VY,VZ in ECEF (m/s)

· Set 2: At least the following parameters in orbital parameter ephemeris format:

· Semi-major axis α [m] 

· Eccentricity e 

· Argument of periapsis ω [rad] 

· Longitude of ascending node Ω [rad] 

· Inclination i [rad] 

· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead

· FFS: The field size for each parameter

· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris

· FFS: Whether down-selection is needed or both sets are supported


So current ephemeris data is about satellite position and moving direction/speed. The difference between Set 1 and Set 2 is whether orbital parameters are included.

But one thing that should be mentioned is that, the satellite position is not equal to the beam foot print on ground. UE can use satellite position to calculate TA pre-compensation, but it is still clear whether UE is in satellite coverage only by ephemeris data. So the coverage information should be provided to UE, so that it allows UE to determine if it is in coverage or out of coverage.

The discontinuous coverage scenario is introduced by cube satellites, and it is related to Earth moving scenario, so the beam foot print moves along with satellite. In this case the location of sub satellite point and a radius value can be provided by network to UE. And if UE can calculate the location of sub satellite point according to ephemeris data, only a radius value is needed. And we assume that the whole beam foot print is a circle here, and it could considered as an approximation of the real illumination on ground as illustrated in Fig.1.
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Figure 1. Satellite foot print approximation
With the orbital parameters and illumination information on ground, UE can predict time period when it can be in coverage of a satellite and when it is out of coverage.

Proposal 4: Network to provide coverage information to the UE to allow prediction about in coverage or out of coverage, e.g. location of sub satellite point and radius value of the whole foot print. 
With this prediction, the power saving solutions such as eDRX and PSM can be adapted accordingly.

eDRX is configured by the network for RRC IDLE for the purpose of UE power saving. In one eDRX cycle, UE only monitors paging during its configured Paging Time Window (PTW). In NB-IoT, the length of the eDRX cycle can range from 10 seconds to almost 4 hours. 
In discontinuous coverage scenario, the satellite coverage time is discontinuous and may be unevenly distributed as follows:
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Figure 2.  Coverage time in specific geographical area when 3 satellites 

The coverage time of each satellite and the intervals between different satellites may be different as the Figure 2 shows. In this case, eDRX does not work well:

· If the eDRX cycle is short, the UE will waste a lot of time and power looking for a cell during the long interval between satellite 3 and satellite 1.

· If the eDRX cycle is long, the UE may miss the coverage time of some satellites, which will reduce the performance of network.

Thus, some enhancements can be considered to synchronise the time where the UE is using eDRX with the presence of coverage when the information is known, e.g.:

· UE uses eDRX to monitor paging when in-coverage of a satellite

· UE is in PSM/MICO mode during the coverage outage

Proposal 5: To consider a scheme where the UE is alternating between eDRX and PSM based on the presence or outage of coverage. 
Note that it is already possible for the UE to request to enable both PSM (requesting an active time and possibly a periodic TAU timer) and extended idle mode DRX, and it is up to the SGSN/MME to decide whether to enable one or the other or both. However, this may lead to additional NAS signalling if the UE does not always have UL data transmission when it is in coverage of a satellite.
An alternative option would be that the UE can be configured with eDRX, but when it is out of coverage it is in dormant state as supported in PSM, i.e. the UE only monitors paging occasions during its PTW when in coverage of a satellite. Note that, for the scheme to work, some co-ordination between the UE and the CN may be needed.
Proposal 6: The UE only monitors paging occasions during its PTW when in coverage of a satellite.
3 Conclusion

In this contribution, we have discussed potential mobility enhancements and have the following proposals:
Proposal 1: To capture the following candidate solution to minimise the risk of RLF happening in the TR:

· UE delays the RRC connection establishment when it estimates the remaining serving time of the cell is not sufficient to complete the UL data transmission.

Proposal 2: To capture the following candidate solutions to enhance RLF for NB-IOT NTN in the TR:
· Solution 1: UE determines RLF using the serving time of the cell, i.e. at the end of serving time period UE can declare RLF.

· Solution 2: UE determines RLF based on the condition “UE is at the end of serving time” and “T310 is running”.

· Solution 3: If one suitable cell is available (location based or RSRP based), UE can trigger cell selection and RRC Connection Re-establishment while T310 is running.

Proposal 3: To capture the following candidate solution to support conditional RRC Connection Re-establishment in the TR:

· Network provides the cell ID for UE to perform RRC Connection Re-establishment.

Proposal 4: Network to provide coverage information to the UE to allow prediction about in coverage or out of coverage, e.g. location of sub satellite point and radius value of the whole foot print. 

Proposal 5: To consider a scheme where the UE is alternating between eDRX and PSM based on the presence or outage of coverage. 
Proposal 5: The UE only monitors paging occasions during its PTW when in coverage of a satellite.
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