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1 Introduction

In Rel-18 WID on IoT NTN enhancements, following is one of the objectives for performance enhancement.
	-
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. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]


In this contribution, we discuss potential RAN2 impact related to GNSS operation in connected mode. 
2 Discussion 
In Rel-17 IoT NTN, GNSS operation is not allowed in connected mode, therefore UE should go to IDLE mode when GNSS location becomes invalid. For longer connections, going into IDLE mode due to GNSS invalid seems not a good idea as UE will frequently set up the connection for subsequent data transmission/reception, which increases the UE power consumption and wastes the signalling overhead.
In RAN1#109e, RAN1 has studied the case for IoT devices performing GNSS measurement during connected mode, and identified below two options.
	Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 

· Option 1: UE re-acquires GNSS position fix during RLF procedure

· Option 2: UE re-acquires GNSS position fix with a new gap 

Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.


In summary, RAN1 is considering timer-based solution and gap-based solution for UE to perform GNSS measurement during connected mode in order not to return back to idle mode. No matter which option is finally adopted by RAN1, UE is expected to complete the GNSS measurement during the timer running or the gap duration, and in case UE cannot acquire its GNSS location, UE should return back to IDLE mode as the fallback solution.
Proposal 1 UE should go back to IDLE mode if it cannot acquire its GNSS location during connected mode (e.g. before timer expiry or within the gap duration).
In Rel-17, UE reports its remaining GNSS valid duration to the network after connected to the network. Since PUSCH may undergo a lot of repetitions and multiple HARQ retransmissions, network might only know roughly when the UE’s GNSS location will be invalid. This rough time information will make gap configuration (if finally adopted by RAN1) rather challenging since the intention is to use the gap duration to cover the exact GNSS measurement time. To do so, network may have to configure a longer gap duration and UE may happen to finish the GNSS measurement earlier than the end of gap duration. The remaining gap duration would be wasted as it cannot be used for data transmission. Even for the timer-based solution where UE can set a proper timer length according to its GNSS measurement time, network still has no idea when exactly the UE has finished the GNSS measurement since network only has rough estimation of the timer starting point (i.e. the expiry of GNSS valid timer). As a consequence, network does not know when it can schedule data transmission.
To save the remaining unused gap duration (for the gap solution) and to aid network to quickly schedule data transmission (for both gap-based and timer-based solution), UE can inform network when the GNSS measurement is done. The detailed signalling can be discussed later.

Proposal 2 UE informs network when it finishes GNSS measurement during connected mode. FFS on the signalling details.

In RAN1#109e, RAN1 also discussed the UE reporting of GNSS measurement time and achieved following agreements.
	Agreement
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 

· Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.




In Rel-17, GNSS validity duration is reported in Msg5, e.g. RRCConnectionResumeComplete, RRCConnectionSetupComplete and RRCreestablishmentComplete messages. GNSS measurement time can be reported in the same message.
Proposal 3 GNSS position fix measurement time is reported in Msg5, e.g. RRCConnectionResumeComplete, RRCConnectionSetupComplete and RRCreestablishmentComplete messages.

So far, timer-based and gap-based solutions are still under RAN1’s discussion and no down-selection has been done yet. From configuration’s point of view, one should keep in mind that for NB-IoT CP solution, there is no AS security and thus any methods relying on RRC reconfiguration would not be feasible. This should be taken into account when down-selection is to be done. 
Proposal 4 Down-selection between gap-based solution and timer-based solution should consider NB-IoT CP solution where AS security is not activated.
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Proposal 1 UE should go back to IDLE mode if it cannot acquire its GNSS location during connected mode (e.g. before timer expiry or within the gap duration).

Proposal 2 UE informs network when it finishes GNSS measurement during connected mode. FFS on the signalling details.

Proposal 3 GNSS position fix measurement time is reported in Msg5, e.g. RRCConnectionResumeComplete, RRCConnectionSetupComplete and RRCreestablishmentComplete messages.

Proposal 4 Down-selection between gap-based solution and timer-based solution should consider NB-IoT CP solution where AS security is not activated.
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