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Current design of IoT NTN UL synchronization during the WI phase focus on the short sporadic short transmission, the duration of the short transmission is no longer than the “validity timer for UL synchronization” and the validity timer related agreements are as follows [1]: 
Agreement
The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
Agreement
Send LS to RAN2 to take the following RAN1 agreements into consideration to specify the aspects related to GNSS position validity:
· 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short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated 
· The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
· Note: The duration of the short transmission is no longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)
In this contribution, we further discuss the GNSS validity and other enhancement for long connections. 
Agreement
Validity timer for UL synchronization should be started/restarted with configured timer validity duration at the epoch time of the assistance information.
Agreement
Validity timer duration is configured per cell and indicated to the UE in X bits with:
· Value range {5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240}
· Unit is second
· FFS Additional values for GEO

Discussion
GNSS validity information for long connections
The main characteristics of IoT devices include half duplex transmission mode, large number of repetitions for DL/UL transmission and system information acquisition only in RRC idle mode. During the WI phase of IoT over NTN, the enhancements focus on short sporadic transmission and UL transmission will be finished within the validity timer for UL synchronization. Otherwise, RLF will be triggered. For long connections, enhancements are needed to reduce the RLF as the transmission may be longer than the validity duration.
For long connections, moving UE especially with high speed in RRC-connected may need a new GNSS position fix in order to accommodate the accumulated time and frequency errors to reduce the possible radio link failure. According to the agreement in RAN1#107e, UE will report information associated with GNSS valid duration to the network via RRC signalling, this information can also be used in long connection and be the assistant information for eNB to reschedule a gap for GNSS position fix if the GNSS validity duration is shorter than the transmission duration. However, upon the reception of GNSS validity duration information at the eNB side, the GNSS positioning has happened a while ago, it is more useful for eNB to know the remaining GSNS validity duration for scheduling the new GNSS positioning gap. To ensure that eNB obtain the useful information of GNSS position fix, A UE can estimate and report the GNSS information denoting the remaining validity duration of GNSS at the time eNB receive the information. 
Observation 1: Upon the reception of GNSS validity duration information at the eNB, the GNSS positioning has happened a while ago.
Proposal 1: UE estimates and reports the GNSS information denoting the remaining validity duration of GNSS at the time eNB receives the information.

NTN SIB read during long connections
Different from terrestrial NW, some system information in NTN for UL time/frequency synchronization, such as common TA and ephemeris, may change frequently. When an IoT terminal stays in connected mode for a long time, these parameters will become out of date and radio link failure may happen. When the validity timer of common TA and ephemeris are shorter than the transmission duration, introducing NTN related SIB that can be read in the connected mode for IoT NTN is necessary. The new NTN SIB can be scheduled by the conventional SIB1 and extra windows for reading the NTN related SIB are needed before the expiration of common TA and ephemeris at the UE side.
Observation 2: The validity timer of common TA and ephemeris may expire at the UE side during the long connection.
Proposal 1: For long connections, extra windows for commonTA and satellite ephemeris carried by NTN SIB can be scheduled by the eNB.

Conclusions
In this contribution, other considerations for UL time/frequency synchronization for long connections are discussed. The following observations and proposals are presented:
Observation 1: Upon the reception of GNSS validity duration information at the eNB, the GNSS positioning has happened a while ago.
Observation 2: The validity timer of common TA and ephemeris may expire at the UE side during the long connection.
Proposal 1: UE estimates and reports the GNSS information denoting the remaining validity duration of GNSS at the time eNB receives the information.
Proposal 2: For long connections, extra windows for commonTA and satellite ephemeris carried by NTN SIB can be scheduled by the eNB.
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