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Introduction
In RAN #92-e, the WI on NB-IoT/eMTC for NTN has been approved and the following objectives has been captured for time/frequency synchronization as a RAN1 scope [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



In this contribution, we discuss on time/frequency synchronization issues for IoT-NTN based on the WID scope.
Discussion

Long PUSCH and PRACH Tx enhancement
During SI phase, RAN1 has agreed that UE pre-compensation done per N time units (i.e., segment) for long PUSCH/PRACH is baseline solution and the pre-compensation does not vary within a block of N time unit. However, the definition of N time unit has not been agreed yet. In addition, whether a new UL gap has to be used between adjacent segments.
The UE pre-compensation is to adjust TA autonomously during an ongoing repetition period which has not been allowed in current specification. Therefore, it has been agreed that a specification change is needed for UL transmission when R>1.
As pre-compensation is done per N time unit during which pre-compensation doesn’t vary, the segment has to align with at least coherence duration and short enough to minimize impact of phase discontinuities between adjacent subframes. Note that phase discontinuity issue was discussed in RAN1 #105-e and its severity is dependent on segment size and drift rate. Therefore, by defining the segment size short enough to keep the phase discontinuity within tolerable amount, the phase discontinuity issue can be addressed.
Since a UE may use the UE-specific TA estimation based on GNSS and ephemeris information or timing/frequency drift rate to calculate UL timing/frequency pre-compensation value, the UE can perform UE pre-compensation per subframe which seems to be the shortest segment with minimum impact on phase discontinuity. In this case, a new UL gap doesn’t seem to be needed.
In order to allow UL pre-compensation per subframe, the restriction has be relaxed that adjusting TA is allowed during an ongoing repetition period per subframe.
Proposal-1: Support N=1 subframe and no new UL gap for segmented UL transmission.

Validity timer for satellite ephemeris
A UE could predict satellite location if the UE has a valid ephemeris information stored in its memory. Therefore, a UE doesn’t need to re-acquire the satellite ephemeris in each SIB occasion where satellite ephemeris is transmitted if the UE still has valid ephemeris information, which seems to be beneficial for a UE especially when the UE is in RRC_IDLE state in terms of battery saving. The validity duration is dependent on a couple of factors including satellite characteristics, atmospheric drag, etc. Therefore, the validity duration can be estimated at the network side.
Indication of validity time in SIB together with satellite ephemeris seems to be the simplest way to support such a UE behavior and the network transmits satellite ephemeris frequent enough for a UE to reacquire satellite ephemeris whenever the UE wake up from long eDRX cycle before the validity timer expires.
Proposal-2: Validity timer for satellite ephemeris is configured by network and UE needs to re-acquire the satellite ephemeris before the timer expires.

Satellite ephemeris format
In NR NTN, it has been agreed to support both ephemeris formats (i.e., state vectors and orbital elements) to optimize the signaling overhead as well as to support different NTN deployment scenarios (e.g., GEO, LEO, HAPS). Although it is still FFS which ephemeris format is used in which NTN deployment scenario, IoT-NTN may follow the same mechanism as in NR NTN since the NTN deployment scenario for IoT-NTN is not much different from that for NR NTN. Therefore, the ephemeris format indication mechanism used for NR NTN can be reused for IoT-NTN
Proposal-3: Ephemeris format indication mechanism used for NR NTN is reused for IoT-NTN.
Summary
In this contribution, we discussed on time and frequency synchronization for IoT NTN. Based on the discussion, we propose following: 
Proposal-1: Support N=1 subframe and no new UL gap for segmented UL transmission.
Proposal-2: Validity timer for satellite ephemeris is configured by network and UE needs to re-acquire the satellite ephemeris before the timer expires.
Proposal-3: Ephemeris format indication mechanism used for NR NTN is reused for IoT-NTN.
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