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1 Background
In RAN#92-e, the following RAN1 objectives were approved for eMTC/NB-IoT over NTN in the WID [1]:
Specify the following time and frequency synchronization enhancements, using NR_NTN_solutions WI  agreements as baseline, according to Section 8 in TR 36.763: 
-	UE pre-compensation including ephemeris format (orbital / Position -Velocity)
-	UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 
-	Timing advance formula (granularity of the timing advance may be different)
-	Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state
Agreements on the above are up to the decision in NR_NTN_Solutions WI and will be used for IoT NTN with minimum changes, if any.

Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
-	Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.
-	Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
-	DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 
-	GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission

Specify the following  IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763:
-	Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
-	UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
-	Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.
In this contribution, we provide our views on enhancements to time and frequency synchronization.
2 Validity timer for satellite ephemeris
2.1 Configuring and setting the ephemeris validity timer

While it has been agreed that the ephemeris validity timer will be configured by the network, the details regarding the configuration, as well as how/when the UE starts the timer, remain open issues.
Since the network knows the satellite’s orbit quite accurately (e.g., whether the satellite is LEO/MEO/GEO, its altitude, trajectory, any potential errors in the orbit prodiction, etc.), the network should typically be in a good position to configure the duration of validity for the satellite ephemeris once a UE acquires it at a given instant of time.
Proposal 1: The duration of the ephemeris validity timer is configured by the network.
However, since each UE may read the SIB carrying the ephemeris information at a different (UE-specific) point of time, the timer should be started by a UE once it reads this SIB—typically before initiating a connection to transmit (short) uplink data. Moreover, since this SIB can potentially have multiple repetitions (depending on coverage levels), the specifications need to be precise about when—during these SIB repetitions—the timer is started at the UE side. A straightforward solution is to start the timer duration from the first repetition of this SIB, since this ensures maximum accuracy of the ephemeris information that will be propagated by the UE for, e.g., several tens of seconds.
Proposal 2: A UE starts the ephemeris validity timer upon reading the SIB carrying satellite ephemeris. The duration of valid ephemeris is counted starting from the first repetition of this SIB.
2.2 UE behaviour upon expiry of the ephemeris validity timer
 
Associated with the ephemeris validity timer, we need to define UE behaviour when synchronization failure (e.g., ephemeris is outdated) occurs. A synchronization failure is synonymous with the expiry of the ephemeris validity timer(s). 
Solutions in the realm of synchronization failure and recovery can go from simply tearing down the connection and re-starting from IDLE, to more elaborate location failure recovery procedure(s) to prioritize re-acquiring satellite and/or UE location over uplink communications. We propose the simplest solution here.
A simple UE behaviour upon a detecting synchronization failure would be to trigger radio link failure (RLF), go back to IDLE, reacquire the ephemeris information, and re-establish connection from scratch. This solution would have minimal specification impact.
Proposal 3: Introduce a mechanism that triggers RLF when the ephemeris validity timer expires while in RRC_CONNECTED mode.
3 Validity of GNSS position fix
Like the satellite ephemeris information, a valid GNSS position fix (that the UE uses to determine its own geolocation) is critical towards maintaining uplink synchronization. Towards this end, a similar solution as the proposed for ephemeris validity needs to be introduced.
However, unlike the satellite ephemeris, the network doesn’t a priori know the UE’s mobility patterns (whether it is a static UE, whether it is moving at a slow/fast speed), which will influence the duration of time for which a GNSS position fix will remain valid for a UE. As a result, the UE may need to estimate the validity duration autonomously, e.g., such that it maintains (within appropriate thresholds) the accuracy requirements for time/frequency synchronization that will eventually be set by RAN4. Still, it is important for the UE to initiate a GNSS validity period—like the ephemeris validity period described above—that starts when the UE acquires a GNSS position fix. Also, UE behaviour upon this information being outdated should be similar as that for ephemeris validity—i.e., the UE may initiate RLF.
Proposal 4: A UE initiates a GNSS validity period when it acquires a fresh GNSS position fix to obtain its geolocation.
· FFS whether the duration of this validity period is autonomously determined by the UE.
Proposal 5: Introduce a mechanism that triggers RLF when the UE’s GNSS-based geolocation validity expires.
4 Segmented pre-compensation for long uplink Tx
It has been agreed to use segmented pre-compensation over chunks of time (wherein the pre-compensation doesn’t change within a given chunk of time) as the baseline solution for maintaining uplink synchronization during long uplink transmissions of PUSCH and PRACH.
It may be noted, however, that the length of the chunk (denoted by N time units in previous agreements) inherently depends on the satellite’s orbit. For GEO satellites, e.g., the same pre-compensation value may be maintained for a longer duration of time than would be feasible for a LEO satellite, since the LEO satellite’s orbit results in much greater delay and doppler variations over time.
Proposal 6: The duration of time for which the same pre-compensation value(s) for time and frequency is (are) are maintained depend on the satellite orbit type, with GEO satellites supporting longer durations of time than LEO satellites.
Moreover, it is important that the network and the UE are in sync with respect to the value of the chunk duration N. Without this common understanding, misaligned coherence assumptions may make decoding at the network infeasible.
At least for PRACH, this would imply that the coherence duration (the value N for using the same pre-compensation) may need to be indicated for the preambles. This would typically be indicated in SIB.
Proposal 7: Indicate in SIB, the number of coherent repetitions/preamble repetition units (i.e., the number of repetitions for which the UE may use the same pre-compensation values for time and frequency) associated with each PRACH preamble.
For PUSCH, the above coherence duration may be negotiated between the UE and the network via unicast signalling. Such a negotiation may involve the UE sending assistance information to the network—e.g., to indicate whether it is fixed/mobile/its speed, which may guide the eventual agreement between UE and network about the coherent duration for pre-compensation that is to be used for PUSCH.
Proposal 8: For PUSCH, the number of coherent repetitions for pre-compensation may be indicated/negotiated between the network and the UE via dedicated unicast signalling. This may involve the UE sending assistance information to the network, e.g., indicating its mobility pattern and speed.
5 Downlink synchronization in NB-IoT
For downlink synchronization in NB-IoT, we have to down-select between two options—increasing the channel raster step size or indicating a portion of the Absolute Radio Frequency Channel Number (ARFCN) in the NB-MIB. It is straightforward to see that increasing the channel raster step size (e.g., doubling to 200 kHz from the current 100 kHz) is a worse solution, since it limits (e.g., reduces by half, if raster step size is doubled) the number of Ncells that an operator can deploy within its spectrum allocation.
Observation 1: Increasing the channel raster step size limits possible Ncell deployments for operators. For example, if the raster step size is doubled, the number of Ncells that an operator can deploy within their allocated spectrum reduces by half. 
Further, towards motivating the solution of indicating a portion of the ARFCN in NB-MIB, we can observe that the current MIB in NB-IoT indicates the “raster offset” between +/- 2.5 KHz and +/- 7.5 kHz to solve an analogous ambiguity that may arise in terrestrial, depending on where the Ncells can be in frequency.
Observation 2: The MIB in NB-IoT already indicates a channel raster offset to aid the UE accurately determining the frequency of the Ncell. 
Keeping the above aspects in mind, indicating a portion (e.g., some of the least significant bits) of the ARFCN in the MIB for NB-IoT is a superior (and feasible) solution to solve the frequency ambiguity issue related to downlink synchronization.
Proposal 9: Indicate a portion (e.g., some of the least significant bits) of the ARFCN in the MIB for NB-IoT over NTN.
6 Aspects dependent on NR-NTN 
Among the aspects that have a dependence on NR-NTN agreements, we observe that thus far, there is concrete progress only with respect to the Timing Advance formula. Other aspects still need convergence in NR-NTN, before we can transpose such agreements to IoT-NTN.
Proposal 10: Among aspects that depend on NR-NTN agreements, thus far, only the Timing Advance formula can be transposed to IoT-NTN; other aspects need further convergence in NR-NTN.
7 Conclusion
In this contribution we presented our views on enhancements to NB-IoT/eMTC over NTN as it relates to time and frequency synchronization. We summarize our proposals below.
Proposal 1: The duration of the ephemeris validity timer is configured by the network.
Proposal 2: A UE starts the ephemeris validity timer upon reading the SIB carrying satellite ephemeris. The duration of valid ephemeris is counted starting from the first repetition of this SIB.
Proposal 3: Introduce a mechanism that triggers RLF when the ephemeris validity timer expires while in RRC_CONNECTED mode.
Proposal 4: A UE initiates a GNSS validity period when it acquires a fresh GNSS position fix to obtain its geolocation.
· FFS whether the duration of this validity period is autonomously determined by the UE.
Proposal 5: Introduce a mechanism that triggers RLF when the UE’s GNSS-based geolocation validity expires.
Proposal 6: The duration of time for which the same pre-compensation value(s) for time and frequency is (are) are maintained depend on the satellite orbit type, with GEO satellites supporting longer durations of time than LEO satellites.
Proposal 7: Indicate in SIB, the number of coherent repetitions/preamble repetition units (i.e., the number of repetitions for which the UE may use the same pre-compensation values for time and frequency) associated with each PRACH preamble.
Proposal 8: For PUSCH, the number of coherent repetitions for pre-compensation may be indicated/negotiated between the network and the UE via dedicated unicast signalling. This may involve the UE sending assistance information to the network, e.g., indicating its mobility pattern and speed.
Observation 1: Increasing the channel raster step size limits possible Ncell deployments for operators. For example, if the raster step size is doubled, the number of Ncells that an operator can deploy within their allocated spectrum reduces by half. 
Observation 2: The MIB in NB-IoT already indicates a channel raster offset to aid the UE accurately determining the frequency of the Ncell. 
Proposal 9: Indicate a portion (e.g., some of the least significant bits) of the ARFCN in the MIB for NB-IoT over NTN.
Proposal 10: Among aspects that depend on NR-NTN agreements, thus far, only the Timing Advance formula can be transposed to IoT-NTN; other aspects need further convergence in NR-NTN.
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