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Introduction
The study item description of NB-IoT/eMTC support for NTN was provided in [1]. One objective of this study item is to study the time and frequency synchronization, where the conclusions of the studies performed for NR NTN in [2] should be reused as much as possible. The following agreements have been made in RAN1 #104-e meeting [3], [4]. 

Agreement:
Study potential impact of GNSS Position fix on UE power consumption using battery life methodology in Rel-13 TR 45.820 (Section 5.4) 
FFS: Details of the study

Agreement:
Discuss whether GNSS measurement window is needed and beneficial for initial access.

Agreement:
For the study of potential impact of GNSS Position fix on UE power consumption consider at least the following parameters
· GNSS power consumption value
· GNSS position Time To First Fix

Agreement:
Study potential impact of NTN SIB carrying the satellite ephemeris on 
· UE power consumption in NB-IoT and eMTC 
· Accuracy of satellite location tracking
· PRACH congestion

Agreement:
Study the UE pre-compensation of satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC. 

Agreement:
Study the UE pre-compensation of satellite delay and Doppler during long UL transmission on PRACH in NB-IoT and eMTC.

Agreement:
Study the UE pre-compensation of satellite Doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.


In this contribution, we provide our views on various topics of time and frequency synchronization in IoT NTN. 
Discussion
To limit the scope of this study item, it is a working assumption [1] that UE has GNSS capability in IoT over NTN. With this assumption, a UE is able to estimate UE specific TA based on its GNSS location and serving satellite ephemeris. If the TA between satellite and timing reference point is derived from broadcast information, UE is able to calculate the TA used for PRACH transmission. 

If UE pre-compensates an accurate timing advance in PRACH transmission, then the enhancement on the existing PRACH formats and/or preamble sequences in NB-IoT or eMTC seems not necessary, like in release 17 NR over NTN where no new NR PRACH formats and/or preamble sequences have been designed so far. 

On the other hand, the simultaneous GNSS and NTN NB-IoT/eMTC operations is not assumed [1]. Hence, we think the GNSS measurement window is needed and beneficial for initial access.

Proposal 1: In IoT over NTN, consider that UE pre-compensates a timing advance in PRACH transmission, which is composed of network indicated common timing offset and self-estimated UE specific TA based on its GNSS location and serving satellite ephemeris.

Proposal 2: In IoT over NTN, the GNSS measurement window is needed and beneficial for initial access. 

The GNSS position Time To First Fix (TTFF) could be a few seconds. Considering the power consumption in GNSS positioning operations, it is likely that an IoT device does not always have its instantaneous GNSS position in RRC connected mode. It is possible that network could broadcast a common timing drift rate. However, this timing drift rate does not incorporate UE specific TA. A UE still needs to estimate UE specific TA for its uplink transmissions. 

In NB-IoT, an uplink compensation gap exists during the long NPUSCH or NPRACH transmissions. In terrestrial network, this uplink compensation gap of 40 ms allows UE to re-synchronize on downlink signaling when the long NPUSCH or NPRACH transmission exceeds 256 ms. In NTN, the uplink compensation gap of 40 ms is not large enough for GNSS positioning. Furthermore, the contiguous uplink transmission of 256 ms without TA update may not fit in NTN. Consider the timing drift rate of 20 . The timing drift is 5.12  over the duration of 256 ms, which is already larger than cyclic prefix length. Hence, the duration of contiguous NPUSCH or NPRACH transmissions without TA update and the uplink compensation gap need to be enhanced. 

Proposal 3: RAN1 to study the enhancement of the duration of contiguous NPRACH or NPUSCH transmissions without TA update and the uplink compensation gap. 

In NR over NTN, it was agreed [5] that a UE is able to use its GNSS location and satellite ephemeris to estimate the service link Doppler shift. The UE then pre-compensates this frequency offset in its uplink transmissions. We think similar approach applies to IoT over NTN. Specifically, an IoT UE calculates the service link Doppler shift based on its GNSS location and serving satellite ephemeris, and then pre-compensates it in uplink transmissions.

Proposal 4: UE calculates and pre-compensates the Doppler shift on service link based on its GNSS location and serving satellite ephemeris. 

On the other hand, in order to reduce UE complexity by minimizing its initial cell searching efforts, it is preferred that network pre-compensates the frequency offset of PSS/SSS/PBCH as well as other downlink signals. 

Proposal 5: Support network pre-compensates the frequency offset in downlink transmissions. 

Conclusion
In this contribution, we provided our views on time and frequency synchronization in IoT NTN. Our proposals are as follows:  

Proposal 1: In IoT over NTN, consider that UE pre-compensates a timing advance in PRACH transmission, which is composed of network indicated common timing offset and self-estimated UE specific TA based on its GNSS location and serving satellite ephemeris.

Proposal 2: In IoT over NTN, the GNSS measurement window is needed and beneficial for initial access. 

Proposal 3: RAN1 to study the enhancement of the duration of contiguous NPRACH or NPUSCH transmissions without TA update and the uplink compensation gap. 

Proposal 4: UE calculates and pre-compensates the Doppler shift on service link based on its GNSS location and serving satellite ephemeris. 

Proposal 5: Support network pre-compensates the frequency offset in downlink transmissions.
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