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Introduction
In RAN#95, work item in RP-220979 has been approved and updated in RP-221806. The objectives regarding improved GNSS operation are the following 
	This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed 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. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.




In the previous meeting, RAN1#110, the following agreements were made under this agenda item:
Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 

Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
· Note: further discuss whether a UE is expected to handle all eNB triggers

In the following, we address the above issues and all other open issues pertaining to this agenda item.
Improved GNSS operation

From UE point of view, Rel-17 IoT NTN system was designed for sporadic short transmissions in RRC Connected mode and after the short transmission UE goes back to Idle mode. From [1]:
For sporadic short transmission:
-	The idle UE wakes up from idle DRX / PSM, access the network, perform uplink and/or downlink communications for a short duration of time and go back to idle. 
-	Before accessing the network, the UE acquires GNSS position fix and does not need to re-acquire a GNSS position fix for the transmission of the packets.
How long UE can stay in Connected mode depends on validity timer of UL synchronization and on validity of GNSS position fix of the UE. The UE autonomously determines its GNSS validity duration X and reports information associated with this validity duration to the network via RRC signalling. The validity duration X may get the values:
· 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}
From power saving point of view, it would be beneficial if UE could stay in RRC Connected mode until an active data transmission has stopped, as is the case in TN. Therefore, it would be good if UE could acquire a new GNSS position fix while in Connected mode if GNSS validity timer expires. Typically, an updated GNSS fix (“hot” fix) takes considerably less time than the first GNSS fix (“cold” fix) done before entering the Connected mode. However, even the acquisition of “hot” fix requires tens of radio frames and generally UE cannot resort to the “legacy” gaps in N/MPDCCH monitoring settings. 
In the previous meeting, it was agreed that the closed loop time and frequency correction loops are considered in order to reduce the need for acquiring a new GNSS fix in RRC-connected mode. The closed loop timing correction has already been supported since Rel-17 for IoT NTN. Likewise, the frequency error due to UE velocity could be tracked by a closed loop correction loop similar to closed loop timing correction mechanism, as discussed e.g. in [2]. However, a mechanism to recover is needed in the case that the closed loop correction fails at some point during the RRC-Connected state. 

Proposal 1: In RRC connected mode, the closed loop time and frequency correction loops could be considered as a complementary mechanism to GNSS gaps

Even if the closed loop frequency correction is employed the network may notice that UL synchronization of the UE is about to fail. On the other hand, sometimes UE’s assessment of its mobility pattern is not quite accurate, or UE’s mobility pattern may change after UE’s determination of its GNSS validity duration, and the network may notice that UE’s uplink synchronization is slipping away even though reported GNSS validity duration has not expired yet. In such cases, it would be useful if the network has some signalling mechanism to request UE to take a new GNSS fix before continuing further transmissions. E.g., some unused code points in existing DCI formats, if such exist in eMTC or NB-IoT DCI formats, could be used to dynamically allocate GNSS measurement gap for the UE or alternatively MAC-signalling could be used to achieve the same.

Proposal 2: Consider a need of signalling mechanism for the network to dynamically allocate GNSS measurement gap to the UE in RRC connected mode.


Conclusions 
In this contribution we discussed issues related to improved GNSS operation for IoT NTN and made the following proposals:
Proposal 1: In RRC connected mode, the closed loop time and frequency correction loops should be further studied.
Proposal 2: It should be considered if some signalling mechanism is needed for the network to dynamically allocate GNSS measurement gap to the UE in RRC connected mode.
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