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Introduction
In RAN#96e, RAN approved a Revised Rel-18 WID on IoT NTN enhancements. In the WI objectives [1]: 
	The work item aims to specify further enhancements for E-UTRA (LTE-RAN) based NTN (non-terrestrial networks) according to the following assumptions:
-	GEO and NGSO (LEO and MEO).
-	Earth fixed Tracking area. Earth fixed & Earth moving cells for NGSO
4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
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:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	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 this contribution we discuss issues related to GNSS operation.
Discussion
Background
One of the main features of NTN is the ability of the UE to synchronize in time and frequency autonomously by using the position of the satellite through the broadcasted satellite ephemeris and the position of the UE. As the position of the UE is used for synchronization, in Rel-17 IoT NTN and NR NTN, ensuring accurate GNSS position is crucial. For IoT NTN there is no assumption that the IoT UE may perform GNSS measurement simultaneously with cellular communications. As a result, the specifications do not specify when the UE shall perform a GNSS fix, but it is stated as a requirement that UE shall have performed GNSS measurement before connecting to an NTN cell:
-------------- 36.331 [3] --------------
[bookmark: _Toc109166847]5.3.3.1d     Condition for establishing RRC Connection in NTN
If systemInformationBlockType31 (systemInformationBlockType31-NB in NB-IoT) is broadcast, a RRC connection is initiated only if the UE has a valid GNSS position.
NOTE:	The UE may need to re-acquire the GNSS position before establishing the connection to avoid interruption during the connection.
-------------- 36.331 --------------
As part of synchronization and GNSS operation the UE shall not remain connected if the GNSS position is invalid:
-------------- 36.331 [3] --------------
[bookmark: _Toc109166873]5.3.3.21    UE actions upon indication of out-of-date GNSS position
Upon indication that the GNSS position has become out-of-date while in RRC_CONNECTED, the UE shall:
1>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.
-------------- 36.331 --------------
To prevent the UE from “disappearing” to RRC idle mode without network being aware, the UE shall send a so-called validity duration of the GNSS position, which allows the network to be aware of how long before the GNSS position is considered invalid and UE needs to leave to idle mode. This is sent when establishing an RRC connection, for instance in the RRCConnectionSetupComplete message: 
-------------- 36.331 [3] --------------
RRCConnectionSetupComplete message
-- ASN1START

. . .

RRCConnectionSetupComplete-v1710-IEs ::= SEQUENCE {
	gnss-ValidityDuration-r17			GNSS-ValidityDuration-r17		OPTIONAL,	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

-- ASN1STOP
-------------- 36.331 --------------
As part of the WID in Rel-18, operation to improve GNSS operation for longer connection times is to be addressed:
-	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 RAN1#109-e the following has been agreed [2]: 
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.
R1-2205553	Feature lead summary#2 of AI 9.12.3 on improved GNSS operations	Moderator (MediaTek)

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. 

On GNSS operation in connected mode
Among some of the solutions discussed in RAN1 and RAN2 are setting up gaps or timers for the UE to measure and remain in connected mode while performing GNSS measurements. This may be somewhat similar to requirements on UE how long it for instance has to measure certain objects such serving cell, neighbouring cell or inter-frequency cells. While it is not straightforward to even specify these requirements in face of possible implementation issues etc, it is still specified by 3GPP as the measurement resources themselves are specified by 3GPP. Indirectly specifying times for the UE to perform a GNSS measurement is a lot more problematic as it is unlikely to be GNSS measurement requirements similar to normal radio measurements. Depending on quality of the device and/or the GNSS implementation, it could be difficult to get a good understanding of how long time it takes for a device to perform a GNSS measurement, making the configuring especially difficult. Thus it would generally be challenging for the network to setup either measurement gaps or specific timers for the UE to perform a GNSS measurement. 
Observation 1: The varying nature of GNSS measurements could make it difficult for the network to setup measurement gaps or timers for the UE to perform GNSS measurements. 
For instance, if the UE happen to take 2 seconds to measure GNSS due to unavailability of enough GNSS satellites in LoS and the network configured a 1 second measurement gap, then it is not certain what the UE action should be. In 38.821 it is shown that mobility in-between cells might be as often as every 10 seconds.  With GNSS measurements taking in the order of several seconds to perform in hot or warm state, it is not certain that an NTN LEO satellite cell will still be present or the best cell to connect to, potentially causing RLF when the GNSS measurement has finished as well as causing problems for the network to have a connected UE in unknown state. This is especially problematic as the NTN UE would not be expect to measure neither serving or neighbouring cell when performing a GNSS measurement in order to be handed over in time. This problem can be seen in Figure 1. 
Also there is the risk that the uplink synchronization might expire during the GNSS measurement, causing further problems that 1) involves specification efforts that are not trivial and 2) difficulties for the network to manage the UE. 
Observation 2: With a GNSS measurement taking several seconds, a LEO NTN cell might still not be present. 
Observation 3: The UE is not expected to measure serving or neighbouring cells during GNSS measurements. 
Observation 4: Uplink synchronization might also expire during GNSS measurement being performed. 



Figure 1. UE not being able to measure on serving or neighbouring cell during GNSS measurements.
The above issues points to the problem that a UE remaining in connected mode while performing a GNSS measurement might be problematic. It should also be considered whether it would be worth the effort of the network to for instance setup GNSS measurement gaps when longer connection times are rather rare. Thus we propose that RAN2 discuss whether performing GNSS measurements in connected mode is really feasible or needed for an IoT device.   
Proposal 1: RAN2 to discuss whether GNSS measurements in connected mode is feasible or a sensible solution for IoT NTN. 
Note that in WID, it is not stated that GNSS measurements need to be done in connected mode and that it would be to support longer connection times, thus the question is whether there could be solutions that do not require the UE to remain in connected mode. 
To ensure that UE can remain in connected mode under longer periods, the UE could for instance perform GNSS measurements in idle mode or inactive mode and then reconnect whenever it has a sufficiently good GNSS position. 
Proposal 2: RAN2 to consider solution to perform GNSS measurement in RRC idle or in inactive mode for longer connection times. 

Conclusion
In this contribution we discussed issues related to GNSS operation. The following are the observations and proposals in this document:
Observation 1: The varying nature of GNSS measurements could make it difficult for the network to setup measurement gaps or timers for the UE to perform GNSS measurements. 
Observation 2: With a GNSS measurement taking several seconds, a LEO NTN cell might still not be present. 
Observation 3: The UE is not expected to measure serving or neighbouring cells during GNSS measurements. 
Observation 4: Uplink synchronization might also expire during GNSS measurement being performed. 
Proposal 1: RAN2 to discuss whether GNSS measurements in connected mode is feasible or a sensible solution for IoT NTN. 
Proposal 2: RAN2 to consider solution to perform GNSS measurement in RRC idle or in inactive mode for longer connection times. 
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