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[bookmark: _Ref18181]Introduction
In the Rel-17 IoT NTN WI, the main RAN1 objectives related to time and frequency synchronization are as follows [1]:
Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
· GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission.
· Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects

In RAN1#106bis-e meeting, the following agreements regarding the validity timer(s) for UL synchronization and configuration of UL transmission segment were reached [2]:
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: 
Configuration of UL transmission segment is indicated on SIB at least for initial access
· FFS via UE-specific RRC signalling in RRC_CONNECTED. 

In this contribution, we discuss the issue of reading SIB in RRC_CONNECTED state, the start time of the validity timer for UL synchronization, signalling of UL transmission segment, and also long UL transmission.
 Reading SIB in RRC_CONNECTED state
In legacy networks, the TA parameter may change only due to UE mobility. However, in NTN both UE mobility and satellite mobility will result in a change in TA. In IoT NTN, a UL transmission can last for more than 1 minute (e.g., multimedia uploading) or a DL transmission can continue for up to 48 hrs (e.g., major firmware upgrade). Since the UE cannot estimate/predict feeder link delay, when the RP is at the eNB, the only way for the UE to obtain the common TA is to be indicated by the network (which is done through SIB). Therefore, if UE is restricted not to read SIB in RRC_CONNECTED state, it needs to go back to RRC_IDLE state just to read SIB and track the changes in TA, and subsequently, try to go back to RRC_CONNECTED state to continue the transmission. This going back and forth between idle and connected modes will create unnecessary interruptions in data transmission if the transmission is not “short sporadic”. Although reading SIB will also cause an interruption to UL transmission in both TDD and HD-FDD operations, such interruption is more deterministic and typically shorter than reading SIB plus state transitions. Moreover, when the transmission is not “short sporadic”, UE will incur unnecessarily higher power consumption due to such frequent state-transitions. It should be noted that to maintain a long battery life, the power consumption of NB-IoT UEs is an important criterion in any design related to NB-IoT. To avoid these issues, IoT-NTN UEs should be reading SIB in RRC_CONNECTED state.

Proposal 1: UE shall read SIB in RRC_CONNECTED state for non-“short sporadic transmission”.
Start time of the validity timer for UL synchronization
The following agreement was reached in RAN1#106bis-e on start/restart time of the validity timer for UL synchronization [2]:
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
For the network to operate efficiently, both UE and eNB need to have a common understanding on the status of the validity timer for UL synchronization, both start time and duration of the timer. To guarantee such a common understanding, the start time of the timer should not be tied to the SIB reception time at UE. The reason is that different UEs in the cell have different DL Rx timing due to different eNB-UE delays resulting from different UE locations, and may receive the same SIB PDSCH in different Rx times. In contrast, using the epoch time of the serving satellite ephemeris data as the start time of the validity timer will guarantee a common understanding between UE and eNB since it is a universal time stamp. Also, by including the epoch time together with the ephemeris data in SIB, the UE will know the absolute start time after reading the SIB and does not need to know which repetition the SIB corresponds to. So, in our view, SIB repetition does not impact the start time of the validity timer.
Observation 1: SIB repetition does not impact the start time of the validity timer for UL synchronization.
Also, in our view, the epoch time of the serving satellite ephemeris data is defined as the time instance at which the corresponding ephemeris data is captured. Such time instance should be represented by a universal time about which UE and eNB have the same understanding.
Proposal 2:  The epoch time of serving satellite ephemeris data is the time instance at which the corresponding ephemeris data has been captured.
Proposal 3: The epoch time of serving satellite ephemeris data is transmitted in the same SIB which contains the ephemeris data.

Configuration of UL transmission segment
The following agreement has been reached in RAN1#106-bis-e [2]:
Agreement: 
Configuration of UL transmission segment is indicated on SIB at least for initial access
· FFS via UE-specific RRC signalling in RRC_CONNECTED.

The duration of the UL transmission segment is indicated in SIB. It is already specified in TS36.331 [3] that upon system information change essential for NB-IoT UEs in RRC_CONNECTED, E-UTRAN may initiate connection release. NB-IoT UE considers stored system information to be invalid after 24 hours from the moment it was successfully confirmed as valid. If a NB-IoT UE in RRC_CONNECTED state considers the stored system information invalid, the UE shall continue using the stored system information while in RRC_CONNECTED state in the serving cell, only if EUTRAN consider the SIB to be invalid, it can release the connection. Therefore, the most straightforward approach to handle the configuration of UL transmission segment in IoT-NTN is to re-use the existing NB-IoT mechanism, i.e. the configuration of UL transmission segment which is indicated in SIB remains valid in RRC_CONNECTED state.
Proposal 3: In IoT-NTN, if a UE in RRC_CONNECTED state considers the stored system information invalid, the UE continues using the stored system information while in RRC_CONNECTED state in the serving cell. 
Conclusions
In this contribution, based on the discussions in the previous sections we propose the following:
Proposal 1: UE shall read SIB in RRC_CONNECTED state for non-“short sporadic transmission”.
Observation 1: SIB repetition does not impact the start time of the validity timer for UL synchronization.
Proposal 2:  The epoch time of serving satellite ephemeris data is the time instance at which the corresponding ephemeris data has been captured.
Proposal 3: The epoch time of serving satellite ephemeris data is transmitted in the same SIB which contains the ephemeris data.
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