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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#106-e meeting, the following agreements regarding sporadic short transmissions and also the validity timer(s) for UL synchronization were reached [2]:
Agreement:
· Satellite ephemeris read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Common TA parameters if indicated and read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)
Agreement:
For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated.
Agreement:
The validity timer of UL synchronization is configured by the network
· FFS: Whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters
Agreement:
UE in RRC_IDLE reads the satellite ephemeris on SIB and the common TA parameters if indicated on SIB and (re-)start the validity timer(s) for UL synchronization before moving to RRC_CONNECTED.
· FFS: Details of the precise (re-)start time for the validity timer for UL synchronization to ensure a common understanding between gNB and UE.
· Other signaling details for validity timer are up to RAN2
In this contribution, we discuss the relationship between the validity of the GNSS position fix and the sporadic short transmission in RRC_CONNECTED state and also validity timer(s) for UL synchronization.
The duration of the sporadic short transmission in RRC_CONNECTED
In this WI, simultaneous operation of NTN NB-IoT/sMTC and GNSS is not supported [1]. The UE  performs GNSS position fix before starting UL transmission if it is not properly aligned with GNSS position. The acquisition of GNSS position may take from one to several seconds depending upon whether it is doing hot/warm/cold start. Since we are discussing validity duration of a position fix, the overall design targets for timing and frequency error need to be considered. The duration of sporadic short transmission is typically in the order of 10 seconds. Under the assumption of the GNSS acquired position being valid for 10 seconds and with UE having mobility of 60 km/h, the TA error would be 0.95 μs which is very small and Doppler shift error would be around 6 Hz which can be handled by eNB [3]. So, it can be concluded that the duration of sporadic short transmission sequence for IoT-NTN in RRC_CONNECTED state is less than the duration of validity of the GNSS position fix. Therefore, we have the following proposal:
Proposal 1: The duration of each sporadic short transmission in RRC_CONNECTED state is assumed to be less than the validity duration of GNSS position fix.
Validity timer(s) for UL synchronization
The UE can compute the time and frequency pre-compensation values for UL transmission from its own position and satellites’ position. This knowledge is broadcast by satellite as ephemeris data. However, due to orbital degradation, this ephemeris data can become invalid and thus UE needs to reacquire this. The validity duration depends on tolerable time and frequency synchronization errors and satellite characteristics. Validity timer is essential to check whether UE has accurate ephemeris which keeps the resulting timing and frequency errors within acceptable limits. The UE can run a validity timer while acquiring the ephemeris data. It can re-acquire new ephemeris data when validity timer expires. During the email discussion [106-e-NR-NB_IoT_eMTC-01], the following options on the UE behavior in RRC_CONNECTED state if validity timer(s) for UL synchronization expires were discussed and summarized for further discussion [3]:
A. UE triggers RLF to move to RRC_IDLE, then re-access cell
B. UE stays in RRC_CONNECTED, reads the SIB with ephemeris / common TA parameters before initiating random access procedure.
C. UE stays in connected and reads SIB to refresh ephemeris / common TA parameters.
In our view, Option A may lead to unnecessary transition between RRC_IDLE and RRC_CONNECTED states which causes unnecessary UL and DL transmissions and delays. In particular, when UE determines that UL synchronization is OK, it can still continue UL transmission even if the validity timer(s) for UL synchronization expires. Also, Option B requires the UE to start an unnecessary RACH procedure when it can still continue its UL transmission with the same ephemeris data. Option C is a more feasible solution with least interruption in UL and DL transmissions since UE knows the ephemeris data the best and whenever it loses UL synchronization, it can start PRACH. Hence, we have the following proposal: 
Proposal 2: If validity timer(s) for UL synchronization expires, UE stays in RRC_CONNECTED state and reads SIB to refresh ephemeris / common TA parameters.
Conclusions
In this contribution, based on the discussions in the previous sections we propose the following:
Proposal 1: The duration of each sporadic short transmission in RRC_CONNECTED state is assumed to be less than the validity duration of GNSS position fix. 
Proposal 2: If validity timer(s) for UL synchronization expires, UE stays in RRC_CONNECTED state and reads SIB to refresh ephemeris / common TA parameters.
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