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1	Introduction
The release 18 work item [1] on IoT support of non-terrestrial networks includes the following objective
 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 release 17, the work was limited to short and sporadic connection and therefore it was feasible that a UE upon GNSS validity timer expiry could move to RRC Idle mode.
However, the release 18 work will address the broader use case of long connection time. Therefore, it is important to consider how the UE can obtain a new GNSS-based position fix during the long connection. It is also good to note that the simultaneous use of GNSS and IoT operation is not assumed as was also the case in release 17.
The RAN1 has already started the discussions, but there are also important aspects for RAN2 to discuss. In this contribution we provide our view. Specifically, we will discuss the provisioning of GNSS assistance information, GNSS measurements in the Control Plane CIoT EPS/5GS optimisation, and GNSS measurements in short RRC Idle periods.
At RAN1 #109e the following was concluded/agreed:
Conclusion
IoT NTN UE may need to re-acquire a valid GNSS position fix in long connection time. 
· FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time
Agreement
· Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time 
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.
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.
Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement.

At RAN1 #110 the following was agreed:
	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


2	Discussion
2.1	GNSS assistance information
At RAN1 #110 it was agreed that the UE reports GNSS assistance information to the eNB. The information includes the GNSS validity duration and the GNSS position fix time duration for measurement. Based on this information, the eNB can configure the next GNSS measurement gap for the UE i.e. the eNB can use the information for triggering the measurement as also agreed by RAN1.
Observation 1: The eNB can configure the UE’s GNSS measurement based on the GNSS assistance information reported by the UE.
The issue, which RAN2 should discuss, is when and how the UE reports the GNSS assistance information. There are multiple different scenarios, where it may be beneficial for the eNB to have up-to-date information on the UE’s GNSS measurement capability.
The starting point is that at RACH procedure the UE could provide the GNSS assistance information in Msg5 such that the eNB can configure the next GNSS measurement (e.g. in RRCConnectionsetupComplete, RRCConnectionResumeComplete and RRCreestablishmentComplete messages). This may enable the long connection with periodic or aperiodic GNSS measurements. 
After the UE has performed a GNSS measurement in RRC Connected mode the UE could also provide the GNSS information. One use case is that the UE is in movement (e.g., in the scenarios of transportation (maritime, road, rail, air) & logistics) where UE may need to re-acquire the GNSS. Even if the contents, in terms of position fix time and validity duration, has not changed it may still be useful for the eNB to be aware that the GNSS measurement was successful, i.e. the UE acquired a new position fix. 
Another scenario where the GNSS assistance information may be useful is for handover of an RRC Connected eMTC UE. It may not be clear to the network whether the UE is planning to perform a GNSS measurement while it is in the handover phase from serving to target cell. If the UE is performing a GNSS measurement it will prolong the handover phase and if network has scheduled resources for contention-free random access such resources could be wasted. Likewise, an extended handover phase may impact the T304 timer and result in handover failure.
Proposal 1: RAN2 to discuss when the UE reports GNSS assistance information including at RACH procedure, after completing a GNSS measurement in RRC Connected mode, and during handover procedure.
The GNSS assistance information could be provided as a RRC information element, but for now the discussion of the signalling details is not necessary.
2.2	GNSS measurement for CP solution
According to the RAN1 agreements the eNB can trigger the UE to perform a GNSS measurement. The triggering can be based on the GNSS assistance information, but there may also be other reasons for the eNB to trigger, e.g. if the eNB observes the UE’s transmission is drifting.
The eNB triggering the UE’s GNSS measurement could likely be based on RRC configuration of the time of the measurement and the duration. However, for the Control Plane CIoT EPS/5GS optimisation, NB-IoT CP solution does not support RRC Reconfiguration of the UE. Therefore, it is not possible for the eNB to configure the UE’s GNSS measurement based on the GNSS assistance information or any other trigger.
A simple option would be for the UE to follow the release 17 approach and return to RRC Idle to perform the GNSS measurement. However, if the UE is expected to have a long connection this would be counter-productive and cause large signalling overhead and impact the UE’s battery life negatively.
Therefore, the RAN2 should study alternative means to configure GNSS measurements for UE relying on the CP solution. A commonly used alternative seems to be configuration via System Information, which could in principle provide multiple configurations for the UEs to select from.
Proposal 2: RAN2 to study alternatives to RRC configuration of GNSS measurements for UE relying on the CP solution.
2.3	GNSS measurements in short RRC Idle periods
Due to satellite and UE mobility there may be short periods, where the NB-IoT UE is in RRC Idle, in a long data transmission duration. This is because the NB-IoT use cell reselection for mobility instead of RRC Connected mode handover. UE may perform RRC connection again after the short idle period to continue the data transmissions in next satellite cell. 
Based on the RAN2 release 17 agreement, the RRC Idle UE may need to reacquire the GNSS fix, when it moves to RRC Idle state even for short periods before going to connected mode again.
RAN2 #116bis-e
· UE need to have a valid GNSS fix before going to connected. RAN2 assumes that the UE may need to re-aquire the GNSS fix right before establishing the connection (regardless if previously valid or not), if needed to avoid interruption during the connection. 
· When the GNSS fix becomes outdated in RRC_CONNECTED mode, the UE goes to IDLE mode.

However, this would increase the UE energy consumption & signalling and it may not be necessary if for example the remaining GNSS validity duration of the previous GNSS position is sufficiently long. Therefore, RAN2 should discuss the issue and clarify whether such GNSS reacquisition is always needed for short RRC Idle periods.
Proposal 3: RAN2 to discuss whether GNSS reacquisition is always needed for short RRC Idle periods during a long data transmission duration. 
3	Conclusion
This document has made the following observation:
Observation 1: The eNB can configure the UE’s GNSS measurement based on the GNSS assistance information reported by the UE.
And proposed the following:
Proposal 1: RAN2 to discuss when the UE reports GNSS assistance information including at RACH procedure, after completing a GNSS measurement in RRC Connected mode, and during handover procedure.
Proposal 2: RAN2 to study alternatives to RRC configuration of GNSS measurements for UE relying on the CP solution.
Proposal 3: RAN2 to discuss whether GNSS reacquisition is always needed for short RRC Idle periods during a long data transmission duration. 
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