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Introduction
In RAN1 #106 e-Meeting, many agreements were achieved on time and frequency synchronization for IOT over NTN. But, there are still some remaining issues for further study or discussion, e.g., whether to introduce frequency new gap during long UL transmission, details of TA reporting, details of segmented UE pre-compensation, details of validity timer for UL synchronization and etc. This paper will discuss related issues and provide our proposals based on the discussion. 
Discussion
In current IOT specification, a UL Compensation Gap, UCG=40ms is inserted every 256ms in case of long UL transmission. This is used by half-duplex device to interrupt long transmission to re-synchronize in DL. For IOT NTN, both DL synchronization and UL synchronization are more challenging. Frequent new gap may be needed to support more frequent DL re-synchronization. In addition, the new gap can be inserted between two adjacent segments to avoid signal dropping due to overlapping. To support flexibility, the frequency of new gap can be configured by network, i.e., how often the new gap is inserted. Duration of the new gap can also be configurable, and needn’t follow fixed 40ms. These details can be discussed later.   
[bookmark: _GoBack]Proposal 1: Frequent new gap is supported during long UL transmission, and the details of the new gap can be further discussed.

In the last RAN1 meeting, one agreement is that “UE-specific TA reporting is supported in IoT-NTN, and FFS detailed contents of report”. The detailed contents of report has been discussed in both RAN1 and RAN2 for NR NTN, and the agreements can be reused for IOT NTN. One difference from NR NTN is that UE-specific TA needn’t be frequently reported in IOT NTN to reduce power consumption. During sporadic short transmission, UE self-estimated TA before initial access can be assumed valid. In addition, in RRC connected mode, closed loop TA command can be used to maintain TA and make the same understanding of TA value between UE and eNB. Therefore, UE specific TA can be reported only once, e.g., reporting UE specific TA in Msg3 or Msg5 via MAC CE.
Proposal 2: For sporadic short transmission, UE specific TA is reported only once, e.g., reporting UE specific TA in Msg3 or Msg5 via MAC CE.

In the last RAN1 meeting, one agreement is that “Validity timer of UL synchronization is configured by the network”, and one FFS is that “Whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters”. The validity timer is defined as a maximum time during which the UE can track the UL synchronization without having reacquired new satellite ephemeris and new common TA parameters by reading SIB. For both satellite ephemeris and common TA, the validity timer should be dependent on the change of satellite location, which is determined by the velocity of satellite. Considering both satellite ephemeris and common TA parameters are expected to be carried in SIB, a single validity timer can be used for satellite ephemeris and common TA parameters. Another issue on validity timer is what time to start the validity timer, and what is the UE behavior if the validity timer is expired. There are also these issues for NR NTN, and the same solution can be applied for both NR NTN and IOT NTN.   
Proposal 3: A single validity timer is used for both satellite ephemeris and common TA parameters. And, the agreements on validity timer for NR NTN can be reused for IOT NTN. 

Regarding segmented UE pre-compensation per N time units, one agreement is that the value of N is configured by network. Considering maximum tolerated transmission timing error and maximum tolerated transmission frequency error are different, and timing drift rate and frequency drift rate are also different, the value of N should be different for segmented UL timing pre-compensation and segmented UL frequency pre-compensation. Therefore, the value of N can be separately configured by network for segmented UL timing pre-compensation and segmented UL frequency pre-compensation. 
Proposal 4: For segmented UE pre-compensation per N time units, the value of N can be separately configured for UL timing pre-compensation and UL frequency pre-compensation. 

For segmented UE timing pre-compensation, transmission signal may be overlapped between two adjacent segments when TA is adjusted by increasing. To handle this issue, one solution is to introduce a UL gap to avoid signal dropping. However, this will reduce resource utilization since at least one symbol is needed for gap reservation, which is wasteful for small TA variation. Considering the overlapped range is not large, dropping overlapped samples is acceptable without large performance loss, e.g., overlapped samples of the last segment can be dropped. 
Proposal 5: For segmented UE timing pre-compensation, if transmission signal is overlapped between two adjacent segments, overlapped samples of the last segment can be dropped.
Conclusions 
In this contribution, we discussed the enhancements on UL time and frequency synchronization. Our proposals are summarized below:
Proposal 1: Frequent new gap is supported during long UL transmission, and the details of the new gap can be further discussed.
Proposal 2: For sporadic short transmission, UE specific TA is reported only once, e.g., reporting UE specific TA in Msg3 or Msg5 via MAC CE.
Proposal 3: A single validity timer is used for both satellite ephemeris and common TA parameters. And, the agreements on validity timer for NR NTN can be reused for IOT NTN. 
Proposal 4: For segmented UE pre-compensation per N time units, the value of N can be separately configured for UL timing pre-compensation and UL frequency pre-compensation. 
Proposal 5: For segmented UE timing pre-compensation, if transmission signal is overlapped between two adjacent segments, overlapped samples of the last segment can be dropped.
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