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1. Introduction
In RAN1 #104bis e-Meeting [1], the following agreements regarding the time and frequency synchronization on NB-IoT/eMTC for NTN were achieved:
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, some identified issues in time and frequency synchronization are discussed to support NB-IoT and eMTC over NTN.
2. UE TA Report
According to the WID on NB-IoT/eMTC support for NTN [2], the second objective, for the identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN. Hence, referring to the agreements of agenda item 8.4.2 in RAN1 #104bis e-Meeting, the timing advance applied by an IoT UE over NTN can be given by:

Where:
·  and  are defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command
·   is UE self-estimated TA to pre-compensate for the service link delay
·  is network-controlled common TA
For aspect, network may broadcast a common timing offset to UE to calculate common TA, or, both network and UE calculate common TA based on common TA drift, without additional signaling to broadcast the common timing offset. As described in the two solutions, network and UE have the same understanding of common TA. While for  aspect, UE could self-estimates the UE-specific TA based on the acquired satellite ephemeris information. Without reporting UE-specific TA to network, there will be a different understanding about between UE and network. Therefore, in order for network to schedule with proper processing timeline based on , reporting the UE-specific TA with  value that UE autonomously calculates is necessary.
[bookmark: _Hlk71641926][bookmark: _Hlk71641950]Proposal 1: Support to report UE-specific TA value and to network.
Specifically, UE-specific TA value can be reported to network explicitly or implicitly, e.g., reporting the  directly, or reporting  or the offset compared with the last reporting value, then network can calculate the UE-specific TA value. Moreover, the time of reporting UE-specific TA value can be decided by network as well as UE. For example, when beam switch or handover occurs, network sends a command to inform UE to report UE-specific TA value, or UE detects the out-of-synchronization of uplink and reports UE-specific TA value actively.
3. Long UL Transmission
In TS 36.211, an UL gap with 40 ms is added to allow UE to re-synchronize time and frequency during long UL transmission exceeding 256 ms. While in IoT over NTN, there is a common understanding that more frequent time and frequency synchronization are needed due to the mobility of satellites. 
If reusing the legacy mechanism for time and frequency synchronization, on one hand, TA and frequency offset information may be already out of date before UL gap arrives, which leads to severe loss of uplink performance. On the other hand, the duration of UL gap needs to be extended to handle the impacts of long transmission latency between IoT UE and network.
[bookmark: _Hlk70498906]Observation 1: Legacy mechanism of UL gap needs to be enhanced in IoT over NTN.
Hence, during long UL transmission, the number and length of UL gap can be adaptively configured based on the type of satellite. When handling time synchronization, during the UL gap, the UE self-estimates UE-specific TA and reports it to network. Meanwhile, network broadcasts common TA value and TA command to the UE. Then the UE calculates  and finishes timing pre-compensation. Similarly, frequency synchronization can be achieved in the time interval. Besides, utilizing the UL gap, the UE can switch to downlink to update the satellite ephemeris information.
Proposal 2: Configurable UL gaps are needed for UE pre-compensation operation during long PUSCH.
4. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]Conclusion
In this contribution, we discussed the issues about UE TA report and long UL transmission. And the following observations and proposals are made:
Observation 1: Legacy mechanism of UL gap needs to be enhanced in IoT over NTN.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: Support to report UE-specific TA value and  to network.
Proposal 2: Configurable UL gap are needed for UE pre-compensation operation during long PUSCH.
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