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Introduction  
	-	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.



In RAN2#121-bis-e meeting, numerous companies discussed whether IoT NTN devices should move to idle state if GNSS acquisition fails while in GNSS gap measurement [1]. Furthermore, in RAN1, the UE behaviour of GNSS re-acquisition failure wa s also discussed based on a previous agreement in RAN1#111 [2]:
Agreements: 
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
•	FFS details of gap configuration
The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement
•	FFS based on configured timing

In RAN2#122, following agreements were made regarding IoT NTN GNSS operation enhancements:

Agreements:
1. Confirm the working assumption that GNSS validity duration UE reports is the remaining validity duration.
2. The UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation.
3. When network triggers GNSS measurement initiation is up to network implementation.
4. Add a note to state some AS operations are suspended when UE is performing GNSS measurement during GNSS measurement gap.
5. GNSS fix time duration should be reported in 1) and 2):
	1) RRCConnectionReestablishmentComplete and RRCConnectionReestablishmentComplete-NB 
	2) RRCConnectionReconfigurationComplete for HO case 
	(FFS whether there are some scenarios where this is not needed or whether there has to be some explicit NW indication to do so)
Working Assumptions:
1. 	An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well, in addition to previously agreed NB-IoT control plane solution
2.	A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.

This paper discusses further considerations on the highlighted agreements and possible impact on IoT NTN devices with GNSS acquisition failures. 
Discussion
2.1    GNSS and IoT NTN
In previous RAN2 meeting, one of the email discussions focused on behaviour of UE if GNSS acquisition fails during GNSS measurement gap [1].  Majority of the companies agreed that the UE should move to idle mode if the UE GNSS acquisition fails while other companies stated that the UE perform another GNSS acquisition while still in GNSS measurement gap.
RAN1 is also discussing the use of autonomous GNSS re-acquisition.  While no agreements have been made with autonomous GNSS re-acquisition, the behaviour of UE after GNSS re-acquisition should be discussed, specifically if the GNSS re-acquisition fails.   
The primary purpose of GNSS acquisition is to maintain connection mode between NTN satellites and IoT NTN devices.  There are two primary methods proposed to trigger: 
1) Network based trigger of GNSS measurement.   
2) UE autonomously acquire GNSS measurement.  
An agreement in RAN2#122 states that if network triggers GNSS measurement, the implementation is up to the network.  A working assumption of a new MAC DL CE is introduced to trigger connected UE to perform GNSS measurements was also agreed.  However, regardless of the GNSS measurement trigger source, (network or UE autonomous), there is a possibility that the UE will fail to acquire GNSS information. In other instances, if GNSS validity timer expired, multiple attempts of GNSS acquisitions may not result in a successful GNSS measurement.  
Observation 1: For IoT NTN devices, GNSS acquisition may fail.
Battery conservation is vital for any IoT devices.  Power consumption is high if GPS is turned on and multiple attempts of GNSS acquisition will drastically reduce battery life. If network or UE autonomous GNSS measurement fails, following should be discussed:
1) Number of attempts after failure?
2) If network triggered GNSS, will the MAC DL CE be responsible for repeated measurements?
3) If multiple attempts fail, will the state change to RRC Idle or RRC Inactive?
Proposal 1: RAN2 to discuss whether additional steps are needed based on the questions above (1-3) after IoT NTN GNSS measurement failure.
Conclusions
Observation 1: For IoT NTN devices, GNSS acquisition may fail.
Proposal 1: RAN2 to discuss whether additional steps are needed based on the questions above (1-3) after IoT NTN GNSS measurement failure.
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