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Introduction
The study of NB-IoT/eMTC support for NTN was concluded [1]. Several topics were identified for further work in Release 17. This is summarized in the work item descriptions [2]. 

One RAN1 objective of this work item is to specify the time and frequency synchronization enhancement that are not covered by NR NTN. This include long PUSCH and PRACH transmission enhancements, validity timer for UL synchronization, DL synchronization enhancements and GNSS measurements. 

In this contribution, we provide our views on the topics of time and frequency synchronization enhancement, including long PUSCH and PRACH transmission enhancements, validity timer of satellite ephemeris, DL synchronization enhancement and GNSS measurements.
Discussion
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  [3]. 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. Furthermore, this timing error value is much larger than the existing transmit timing error requirement , which is 2.6  for NB-IoT or 0.78  for eMTC. To keep the uplink transmit timing error below 50% of CP length (i.e., 4.7  for 15 kHz SCS), the continuous uplink transmission without adjusting TA should be (4.7  *50%) / (40 ) =57.5 ms.  

On the other hand, the timing drift rate has the impact of phase discontinuity. The degree of phase discontinuity linearly increases with timing drift rate and sampling frequency [4], i.e., phase discontinuity = timing drift rate * sampling frequency *360 degree. Consider the NB-IoT with sampling frequency of 180 kHz/2 and timing drift rate of 40 , the phase discontinuity is about 1.3 degree after 1 ms. Consider the eMTC with sampling frequency of 1.4 MHz/2 and timing drift rate of 40 , the phase discontinuity is about 10 degrees after 1ms. 

To keep the uplink transmission timing error and phase discontinuity within a certain budget, it is preferred to introduce segmented UE pre-compensation via more frequent new uplink gaps (i.e., with periodicity smaller than 256 ms). UE makes use of this uplink gap to adjust its transmission timing advance so that the uplink transmission timing error is below the targeted budget. Also, the phase discontinuity issue is addressed with the uplink gap. 

There is a proposal to achieve segmented UE pre-compensation via UE implementation. Specifically, UE could adjust its sampling rate to avoid phase discontinuity issue. However, this increases the complexity of UE and is not preferred. 

Proposal 1: In long PRACH or long PUSCH transmissions, introduce more frequent uplink gaps.

It was agreed [5] 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 or elevation angles. 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 that a UE is able to use its GNSS location and satellite ephemeris to estimate the UE specific TA and service link Doppler shift. We assume the similar approach applies to IoT over NTN. Here, the prediction error from satellite ephemeris increases with elapsed time. This implies that the satellite ephemeris information should have a validity timer. After the validity timer, the satellite ephemeris information should not be used any more. 

In general, the validity timer of satellite ephemeris could be as long as tens of seconds. The broadcasting of satellite ephemeris could be via SIB. The satellite ephemeris broadcasting periodicity could be much smaller than the validity timer of satellite ephemeris. In other words, a UE does not need to read every SIB containing a satellite ephemeris information, when its ephemeris validity timer has not expired. In this sense, the validity timer of satellite ephemeris could be indicated by network. Furthermore, the validity timer depends on deployment scenario (i.e., LEO or GEO) and might be time varying. Hence, it is preferrable to have configurable value of validity timer. 

Proposal 3: Support network to configure and indicate the validity timer of satellite ephemeris. 

If the validity timer of satellite ephemeris expires, then UE needs to re-acquire satellite ephemeris before its next uplink transmissions.

Proposal 4: UE needs to re-acquire satellite ephemeris when its validity timer expires. 

The downlink synchronization needs to be enhanced in IoT NTN. It was identified that the UE can have initial frequency error exceeding 50 kHz due to both crystal error in device and satellite-based Doppler shift. Two potential solutions were identified [1]: new channel raster and (part of) ARFCN-indication-in-MIB.

The channel raster step size could be increased from 100 kHz to a larger number (e.g., 200 kHz). This approach could address the downlink synchronization error. However, this has RAN4 impact. The other potential solution is to include part of ARFCN information in MIB. This approach requires multiple hypotheses testing before decoding the PBCH, which includes the correct channel frequency information. Comparing the two approaches, we think the new channel raster has less specification impact and is preferred. 

Proposal 5: Consider increasing the channel raster step size in IoT NTN. 

The validity of a GNSS position fix is open. Considering the maximum IoT device motion of 120 km/h [1], the device position change is around  meters after  seconds. If the TA error due to GNSS position error is limited by 10% of the CP length, then the GNSS position error should be less than 140 meters. This implies the GNSS position fix has to be performed every 5 seconds. Considering that TA command MAC CE could fix uplink timing error, the GNSS position error could be a little relaxed. 

Proposal 6: Consider the validity of GNSS position fix based on the supported maximum UE speed. 

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

Proposal 1: In long PRACH or long PUSCH transmissions, introduce more frequent uplink gaps.

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: Support network to configure and indicate the validity timer of satellite ephemeris. 

Proposal 4: UE needs to re-acquire satellite ephemeris when its validity timer expires. 

Proposal 5: Consider increasing the channel raster step size in IoT NTN. 

Proposal 6: Consider the validity of GNSS position fix based on the supported maximum UE speed. 
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