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Introduction
It was concluded [1] that release 17 RAN1 work on IoT NTN is completed. The maintenance on solutions for IoT over NTN is conducted in RAN1 #108-e meeting. 

One of the RAN1-lead objectives in release 17 IoT NTN is time and frequency synchronization. In this contribution, we provide our views on remaining issues related to time and frequency synchronization for IoT NTN. 
Discussion
Uplink synchronization validity duration
It was agreed [2] that a single NTN validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB, where the validity duration is configured per cell and indicated to the UE in X bits with possible values of {5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240} seconds. It is open of additional possible values for GEO. 

In our view, the GEO satellite ephemeris and common TA parameters are changed less frequently than LEO satellite. Hence, a validity duration longer than 240 seconds could be applied to GEO scenario. A possible candidate validity duration could be 600 seconds. 

Proposal 1: An additional NTN validity duration value longer than 240 seconds is supported for GEO scenario.

Epoch time
It was agreed that the serving satellite ephemeris and common TA related parameters are signaled in the same SIB message and have the same epoch time. It is open on the reference point for epoch time in IoT NTN. 

In NR NTN, the reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point. We think the similar conclusion can be applied to IoT NTN. 

Proposal 2: In IoT NTN, the reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.

In NR NTN, it was agreed that when explicitly provided through SIB, epoch time of assistance information is the staring time of a downlink sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. Otherwise, epoch time of assistance information is implicitly known as the end of the SI window during which the SI message is transmitted. When provided through dedicated signaling, epoch time of assistance information is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.

The similar conclusion could be applied to IoT NTN. 

Proposal 3: In IoT NTN, 
· when explicitly provided through SIB, epoch time of assistance information is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information is implicitly known as the end of the SI window during which the SI message is transmitted.
· when provided through dedicated signaling, epoch time of assistance information is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.

Long uplink transmission
It was agreed that for uplink transmission segment duration, at least one value X for NPRACH for NB-IoT and PRACH for eMTC may be indicated on SIB. It is open whether more than one X value can be indicated in SIB. The main motivation of indicating more than one X value in SIB is to cover UEs under different conditions (e.g., elevation angles or associated distances/SNRs). 

In general, this optimization is useful to enhance system performance. However, the details related to this optimization need to be examined. Particularly, under which condition a UE uses a larger uplink transmission segment duration needs to be specified. Elevation angle has not been used in RAN1 procedures so far and hence it is not preferred to determine the uplink transmission segment duration based on elevation angle. To avoid large specification impact in maintenance phase, we prefer to restrict to a single value X indicated in SIB for the uplink transmission segment duration for NPRACH for NB-IoT and PRACH for eMTC. 

Proposal 4: A single value X is indicated in SIB for the uplink transmission segment duration for NPRACH for NB-IoT and PRACH for eMTC. 

It was agreed that UE applies the same pre-compensation per segment for uplink transmissions. From one segment to the next segment, in one method, UE drops/inserts samples for PUSCH and PRACH transmissions. In the other method, UE blanks subframe/slot/repetition unit for PUSCH and PRACH transmissions. 

It is open on the details of dropping or inserting samples and blanking subframes/slots/repetition unit. In case of overlapping between successive segments, UE can drop the tail samples of the earlier segment. In case of small gap between successive segments, UE can repeat the last sample of the earlier segment. In case UE is to blank subframes/slots/repetition units, it can blank the last subframe/slot/repetition unit of the earlier segment. 
 
Proposal 5: In uplink transmissions, 
· if UE is to drop samples between two successive segments, it drops the tail samples of the earlier segment.
· if UE is to insert samples between two successive segments, it repeats the last sample of the earlier segment.
· if UE is to blank subframe/slot/repetition unit between two successive segments, it blanks the last subframe/slot/repetition unit of the earlier segment.

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

Proposal 1: An additional NTN validity duration value longer than 240 seconds is supported for GEO scenario.  

Proposal 2: In IoT NTN, the reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.

Proposal 3: In IoT NTN, 
· when explicitly provided through SIB, epoch time of assistance information is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information is implicitly known as the end of the SI window during which the SI message is transmitted.
· when provided through dedicated signaling, epoch time of assistance information is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.

Proposal 4: A single value X is indicated in SIB for the uplink transmission segment duration for NPRACH for NB-IoT and PRACH for eMTC. 

Proposal 5: In uplink transmissions, 
· if UE is to drop samples between two successive segments, it drops the tail samples of the earlier segment.
· if UE is to insert samples between two successive segments, it repeats the last sample of the earlier segment.
· if UE is to blank subframe/slot/repetition unit between two successive segments, it blanks the last subframe/slot/repetition unit of the earlier segment.
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