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In RAN#94e [1], the WID of Rel-18 IoT-NTN was approved and the performance enhancement objective in terms of throughput is listed as below.
· Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption [RAN1]
In this contribution, the above issue is elaborated with corresponding analysis. 
Solution of GNSS position acquisition
In IoT-NTN, due to limited UE capability, the GNSS and IoT modules are not assumed to work simultaneously. That is, UE cannot perform GNSS fix when it is communicating with the BS. In Rel-17 IoT-NTN, short sporadic transmission scenario is focused, where the UL transmission is assumed finished within the validity duration of a GNSS fix. Therefore, there is no need to consider GNSS update in RRC_CONNECTED mode. However, in Rel-18, long connection times are considered. Hence, improved GNSS operations should be specified to enable UE update GNSS position during RRC_CONNECTED mode. 
1.1 Progress of Rel-17 solution
In Rel-17, the GNSS fix is not performed in RRC_CONNECTED mode. Therefore, once the GNSS becomes outdated, UE in RRC_CONNECTED mode should go back to idle mode and re-acquire a GNSS position fix. Moreover, since the GNSS validity duration is determined by UE, UE should report it to network to achieve consensus, which avoids the case that network schedules transmission during time period when UE cannot ensure UL synchronization. The solution is shown in the following agreement achieved in RAN1#107e [2]:
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short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated 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 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)
However, RAN1 cannot achieve consensus on UE behaviors w.r.t the GNSS validity duration in Rel-17. Therefore, the detailed behaviors w.r.t GNSS validity duration will be determined by RAN2 and are still under discussion. The potential agreement in RAN2 should be considered in Rel-18 study.
Observation 1: For Rel-17 solution of GNSS position fix, the detailed behaviors w.r.t GNSS validity duration are still under RAN2 discussion. The potential agreement should considered in Rel-18 study.
1.2 Improved GNSS operation
In Rel-17 solution, UE have to go back to idle mode to reacquire GNSS position fix when GNSS becomes outdated. Hence, if UE have more data to transmit, it will go back to idle mode and re-access the network after obtaining new GNSS for several times, which brings high cost due to the RACH procedure and new configuration of RRC parameters. To mitigate such cost, following improved GNSS operation can be considered: 
· UE stays in RRC_CONNECTED mode but suspends the UL transmission when validity duration of GNSS is over. UE will obtain new GNSS information within a time window and then continue the transmission as shown in Figure 1.
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[bookmark: _Ref6006]Figure 1 Illustration of GNSS update in RRC_CONNECTED mode
In above method, the assumption that GNSS and IoT communication do not work simultaneously can be satisfied. The main difference is that UE should keep in RRC_CONNECTED mode instead of go back to IDLE mode, which requires UE keep the RRC context and recover the connection after the time window for GNSS fix.
Observation 2: Let UE go back to idle mode to reacquire GNSS information will lead to high cost in long connection times due to the procedure of re-access network, which includes RACH and RRC configuration.
Proposal 1: To save the cost of re-accessing network, UE should stay in RRC_CONNECTED mode but suspend UL transmission when GNSS becomes outdated. Then, UE should obtain new GNSS information within a time window and continue the transmission after the time window.
In Rel-17 solution, report of GNSS validity duration has been agreed to be supported. Therefore, UE and BS can have consensus on the expiration time of previous GNSS information, i.e., the start of time window for GNSS positioning. However, in order to implement the method in Figure 1, UE and BS should also achieve consensus on the start of validity duration of new GNSS information. The simplest method is to let UE report the time window length for GNSS positioning before the end of current GNSS validity duration. The start of validity duration of new GNSS information can be set as the end of the time window. Note that it is UE who determines the time length required for GNSS positioning. Therefore, the time window length should be reported by UE instead of configured by network.
Proposal 2: Report of time length for GNSS positioning should be supported to ensure common understanding between BS and UE.
In reality, the mobility status of UE can be stable for long time. In this case, the validity duration of each GNSS position fix may be same. Similarly, the time window length for GNSS positioning may also be same for several times. Hence, the previous validity duration length and time window length can be applied after a new GNSS position fix if there is no corresponding report, which saves signaling overhead.
Proposal 3: The previous validity duration length and time window length should be applied after a new GNSS position fix if there is no corresponding report.
Conclusions
In this contribution, analysis on improved GNSS operation for IoT-NTN is conducted with following proposals and observations:
Observation 1: For Rel-17 solution of GNSS position fix, the detailed behaviors w.r.t GNSS validity duration are still under RAN2 discussion. The potential agreement should considered in Rel-18 study.
Observation 2: Let UE go back to idle mode to reacquire GNSS information will lead to high cost in long connection times due to the procedure of re-access network, which includes RACH and RRC configuration.
Proposal 1: To save the cost of re-accessing network, UE should stay in RRC_CONNECTED mode but suspend UL transmission when GNSS becomes outdated. Then, UE should obtain new GNSS information within a time window and continue the transmission after the time window.
Proposal 2: Report of time length for GNSS positioning should be supported to ensure common understanding between BS and UE.
Proposal 3: The previous validity duration length and time window length should be applied after a new GNSS position fix if there is no corresponding report.
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