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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 #104b-e meeting [3], [4]. 

Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1
· Capture in TR 36.763, individual companies battery life analysis in Appendix A

Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
For DL synchronization in the Rel-17 timeframe, the following should be considered
· New Channel raster with a step size increased to be greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB

Agreement:
Capture the following in the TR:
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.

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. 

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.

In terrestrial network IoT, an uplink compensation gap exists during the long PUSCH or PRACH transmissions. This uplink compensation gap of 40 ms allows UE to re-synchronize on downlink signaling when the long PUSCH or PRACH transmission exceeds 256 ms.

In IoT NTN, due to satellite movement, the largest timing drift rate can be as large as 40  [2]. This implies large TA variation during a long PUSCH or PRACH transmission. Consider an example that UE transmits a long PUSCH or PRACH for 256 ms in condition of timing drift rate of 20 . Then timing is drifted 5.12 , which is larger than cyclic prefix length. 

It was agreed [3] that UE pre-compensates the same time and frequency shift for time units in long PUSCH or PRACH transmissions. The design of  time units is such that the time and frequency drift during these  time units is not large. The definition and value of  are open. In our view, the value of  depends on deployment scenario. For example, the value of  is large in GEO due to the negligible timing drift rate, while the value of  is small in LEO due to the large timing drift rate. Even with the same deployment scenario (e.g. in LEO), the timing drift rate varies with time. Instead of a fixed  value, we think a variable  value fits the situation. This  value could be indicated by network. Either explicit indication of  value or implicit indication of  value (e.g., derived from timing drift rate) can be considered. 

For long PRACH transmissions, the indication of  value is via system information. For long PUSCH transmissions, the indication of  value can be either semi-static (e.g., RRC configuration) or dynamic. 

Proposal 2: In long PRACH or long PUSCH transmissions, UE applies the same time and frequency pre-compensation every N time units, where N is indicated by network.  

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 at least for PRACH transmission. 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 PRACH transmission.

Proposal 3: UE calculates and pre-compensates the Doppler shift on service link based on its GNSS location and serving satellite ephemeris in PRACH transmission. 

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 4: 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 long PRACH or long PUSCH transmissions, UE applies the same time and frequency pre-compensation every N time units, where N is indicated by network.  

Proposal 3: UE calculates and pre-compensates the Doppler shift on service link based on its GNSS location and serving satellite ephemeris in PRACH transmission. 

Proposal 4: Support network pre-compensates the frequency offset in downlink transmissions.
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