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1 Introduction
In RAN2 #113-e meeting, NB-IoT and eMTC support for NTN was discussed in [1] 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 this contribution, we discuss some details of RLF enhancement for NTN NB-IoT.
2 Discussion
2.1 How to determine RLF
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. To address this challenge, it is agreed for NTN NR and NTN eMTC to use Conditional Handover (CHO) and to consider new time/ timer based and location based triggering events. The same challenge exists in NTN NB-IoT and enhancements to RLF taking account time and location will be beneficial. 

In this part, we would like to discuss the enhancement for how to determine RLF by UE in each scenario. 

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>
…


1. 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 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.
2. Random access problem

In NB-IoT, Random access failure is declared after the maximum of total RACH attempts (preambleTransMax-CE) or after the maximum of RACH attempts in the highest configured NPRACH repetitions level (maxNumPreambleAttemptCE).

RACH-ConfigCommon-NB-r13 ::=

SEQUENCE {


preambleTransMax-CE-r13



PreambleTransMax,

powerRampingParameters-r13


PowerRampingParameters,


rach-InfoList-r13




RACH-InfoList-NB-r13,


connEstFailOffset-r13



INTEGER (0..15)




OPTIONAL,
-- Need OP


...,


[[
powerRampingParameters-v1450
PowerRampingParameters-NB-v1450
OPTIONAL
-- Need OR


]],


[[ rach-InfoList-v1530



RACH-InfoList-NB-v1530
OPTIONAL -- Cond EDT


]]

}
PreambleTransMax ::=



ENUMERATED {












n3, n4, n5, n6, n7,
n8, n10, n20, n50,












n100, n200}
NPRACH-Parameters-NB-r13::=


SEQUENCE {


nprach-Periodicity-r13




ENUMERATED {ms40, ms80, ms160, ms240,














ms320, ms640, ms1280, ms2560},


nprach-StartTime-r13




ENUMERATED {ms8, ms16, ms32, ms64,














ms128, ms256, ms512, ms1024},


nprach-SubcarrierOffset-r13



ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1},


nprach-NumSubcarriers-r13



ENUMERATED {n12, n24, n36, n48},


nprach-SubcarrierMSG3-RangeStart-r13
ENUMERATED {zero, oneThird, twoThird, one},


maxNumPreambleAttemptCE-r13



ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},

numRepetitionsPerPreambleAttempt-r13
ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},


npdcch-NumRepetitions-RA-r13


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128,















r256, r512, r1024, r2048,















spare4, spare3, spare2, spare1},


npdcch-StartSF-CSS-RA-r13



ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},


npdcch-Offset-RA-r13




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}

}

One problem is the time it takes to reach the maximum number of RA preamble attempts and this is related to the RTT, i.e. the interval between two preambles should be larger than the RTT in each scenario.

For example, in the GEO scenario, the time to reach the maximum number of preamble transmissions can be up to 15 s (30 * 500 ms). 
3. Reaching the maximum number of RLC retransmissions 
In NB-IoT, the maximum number of RLC retransmissions is defined as:

UL-AM-RLC-NB-r13 ::=

SEQUENCE {


t-PollRetransmit-r13

T-PollRetransmit-NB-r13,


maxRetxThreshold-r13

ENUMERATED {t1, t2, t3, t4, t6, t8, t16, t32}
}

The time to reach the maximum number of RLC retransmissions is also related to RTT.
For example, if the maximum number of RLC retransmissions is configured as 8 and the maximum number of HARQ retransmissions is 5, the time to reach the maximum number of RLC retransmissions will be 8*5*RTT. In theGEO scenario, UE may spend more than 20 s (5*8*500 ms) to declare RLF due to maximum number of RLC retransmissions. 
Overall, the last two ways to determine RLF will not work well in NTN scenarios. If the UE is out of coverage and cannot determine RLF immediately, it will waste a lot of signalling and power.
Observation 1: The mechanism to determine RLF due to RA problem or reaching the maximum number of RLC retransmissions does not work well in NTN GEO scenario.
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 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. 
Proposal 1: UE can determine RLF using its location and the serving time of the cell, i.e. at the end of serving time period UE can declare RLF happens.
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 is also more reliable.
Proposal 2: UE can determine RLF based on the condition “UE is not in the coverage of cell/at the end of serving time” and “T310 is running”.
2.2 Action after RLF
In TN, the action of UE after RLF is to perform re-establishment. The UE first performs cell selection until it finds a suitable cell and then the RRC connection re-establishment procedure in this cell. In NTN, based on ephemeris and neighbour cell management or other information, the gNB can predict the details of upcoming cell, e.g. the cell ID, the frequency, PCI, and broadcast in the SIB. With such information, UE can select directly this upcoming cell to perform RRC connection re-establishment. This could save time and power.
Proposal 3: When the next upcoming cell is known, the network can broadcast the cell ID for UE to perform RRC connection re-establishment to this cell.
3 Conclusion

In this contribution, we discussed potential enhancements for mobility in NB-IoT and have the following proposals:
Observation 1: The mechanism to determine RLF due to RA problem or reaching of maximum number of RLC retransmissions does not work well in NTN GEO scenario.

Proposal 1: UE can determine RLF using its location and the serving time of the cell, i.e. at the end of serving time period UE can declare RLF happens.
Proposal 2: UE can determine RLF based on the condition “UE is not in the coverage of cell/at the end of serving time” and “T310 is running”.
Proposal 3: When the next upcoming cell is known, the network can broadcast the cell ID for UE to perform RRC connection re-establishment to this cell.
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