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Introduction
In RAN1#106-bis e-Meeting, following agreements were achieved on time and frequency synchronization for IOT over NTN [1]:
Agreement:
The validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data).
· FFS: Precise definition of epoch time taking into account SIB repetitions

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA parameters are signalled in the same SIB message.

Agreement:
Configuration of UL transmission segment is indicated on SIB at least for initial access
· FFS via UE-specific RRC signalling in RRC_CONNECTED.

Agreement:
For eMTC PUSCH, a 3-bit field to indicate K=8 values for the uplink transmission segment duration:
· Full-PRB allocation (unit: subframes): 2 4 8 16 32 64 128 256
· Sub-PRB allocation (unit: resource units): 1 2 4 8 16 32 64 128

Agreement:
For eMTC, a 3-bit field is defined in the SIB to indicate the following K=8 values for the uplink transmission segment duration of PRACH:
· (TCP+TSEQ+TGP), 2*(TCP+TSEQ+TGP), 4*(TCP+TSEQ+TGP), 8*(TCP+TSEQ+TGP), 16*(TCP+TSEQ+TGP), 32*(TCP+TSEQ+TGP), 64*(TCP+TSEQ+TGP), 128*(TCP+TSEQ+TGP)  

Agreement:
For eMTC, the same value is used for segment durations for all PRACH preambles

Agreement:
For NB-IOT, the same value is used for segment durations for all NPRACH preambles for a particular NPRACH format

Agreement:
In eMTC/NB-IoT, NTA update based on TA Command field in msg2 and MAC CE TA command is used for UL timing alignment correction as follows:
· No extension on TAC 11-bit field in Random Access Response 
· When TAC (TA) in Msg2 is received, UE first adjustment and NTA is adjusted as follows: NTA, new = TA 16, where TA is the timing advance command in msg2.
· When TACs ( provided within the MAC CE is received,  is updated as follows: 
·  ,
· Where TA is the TAC field received in MAC CE command.

Agreement:
RAN1 has discussed the following aspects and leaves it up to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer and determine which of the following aspects are to be specified: 
· Mechanisms for UE to declare loss of UL synchronization including mechanisms for UL synchronization recovery procedure when UL synchronization is lost if UL synchronization validity timer expires in RRC_CONNECTED 
· It is up to RAN2 to specify this new behaviour for connected UE within RLF set of procedures or a new procedure for re-acquiring satellite ephemeris
· Mechanism for UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters if indicated on SIB
· A new clause of RLF for loss of UL synchronization if validity timer for UL synchronization expires assuming a new re-interpretation of RLF set of procedures is specified for recovery of UL synchronization with re-acquisition of satellite ephemeris and common TA parameters if indicated 
· Potential additional RACH after re-acquisition of satellite ephemeris and common TA parameters if indicated for the UL synchronization recovery procedure in case of potential residual TA error.
· If validity timer for UL synchronization expires and no UL synchronization recovery mechanisms specified as above, UE behaviour shall declare RLF and go into idle mode autonomously to re-acquire ephemeris SIB. UE will then need to re-access the cell via Random Access procedure.
· UE signalling to indicate the validity timer for UL synchronization is about to expire

However, 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.   
Proposal 1: Frequent new gap is supported during long UL transmission, and the details of the new gap can be further discussed.

In the RAN1#106 eMeeting, 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 eMeeting, one agreement is that “The validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data). FFS: Precise definition of epoch time taking into account SIB repetitions”. Regarding epoch time, another agreement in RAN1#106 eMeeting is that “Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame. FFS: Whether this starting time is given by predefined rule or it is indicated by the Network”. Straightforwardly, epoch time should be implicitly determined by a predefined rule to save signaling overhead, e.g., it is defined as the starting time of the fist repetition of the SIB carrying the assistance information (i.e., satellite ephemeris and common TA).  
Proposal 3: Epoch time of assistance information (i.e., satellite ephemeris and common TA) can be defined as the starting time of the first repetition of the SIB received by UE to acquire the assistance information. 

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: Epoch time of assistance information (i.e., satellite ephemeris and common TA) can be defined as the starting time of the first repetition of the SIB received by UE to acquire the assistance information. 
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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