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Introduction
In RAN#94/e the WID for Rel-18 IoT NTN was agreed [1] and in RAN#98-e it was updated [2]. The updated objectives of the WID is the following: 
	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 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, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

4.1.2	Mobility enhancements
The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].

4.1.3	Further enhancement to discontinuous coverage
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].



In this contribution we discuss issues related to IoT NTN performance enhancements on specifying improved GNSS operations for a new position fix for UE pre-compensation during long connection times and reduced power consumption.
Discussion
Synchronization in a non-terrestrial network relies on using the position of the nodes in a network. For this the correct UE and satellite position is required, where the UE position is acquired using GNSS measurements and the satellite position is estimated using the broadcasted ephemeris. However, performing GNSS measurements may take time and also consume a lot of power. Furthermore, the UE position may change and become outdated over time. However, a Rel-17 IoT NTN UE is not assumed to perform any GNSS measurements in RRC connected mode, making longer connection times difficult. IoT NTN Rel-18, work is therefore being done to support performing GNSS measurements in connected mode. As part of the WID, RAN1/RAN2 will address both performing GNSS measurements during long connection times as well as reducing the power consumption of GNSS measurements. While a lot of the work is currently directed towards how to perform GNSS measurements in connected mode, we would like to highlight that addressing the power consumption aspect is also important. 
Observation 1: RAN1/RAN2 is addressing performing GNSS measurements during long connection times as well as reducing power consumption of performing GNSS measurements. 
Since RAN1#109-e, RAN1 has been working on enabling GNSS measurements during longer connection times and some agreements relevant to RAN2 are the following
RAN1#109-e:
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. 
RAN1#110:
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
RAN1#110b-e:
Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.
Agreement
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.
Agreement
UE reports GNSS position fix time duration for measurement at least during the initial access stage
· which message carries this information is up to RAN2 
Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.
RAN1#111:
Agreement
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 

The important takeaways of the decisions made by RAN1 is that there will at least be an eNB-triggered method using MAC CE for the UE to perform a GNSS measurement, and there will be a method for an eNB to a-periodically perform GNSS measurement utilizing GNSS measurement gaps.  
One open issue that RAN1 has explicitly left open for RAN2 is how to signal the GNSS position fix time. RAN2 can assume that the exact values to be signalled will be determined, but RAN2 can decide how to signal this. There are a number of ways in which this can be signalled by a UE: 
UEAssistanceInformation. This procedure is initiated by a UE to inform a network of information regarding for instance UEs power saving preference, overheating, UE delay budget etc. This is triggered un-solicited by the UE to deliver information related certain more or less important events that the network should not ignore for normal operation. 
-Complete message (RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCReestablishmentComplete etc). The gnss validity duration is included in NTN for all –Complete messages. However, the –Complete messages should not be over-used and GNSS measurements may be performed connected mode for Release 18 where there may not be any –Complete messages to be sent after a GNSS measurement having been performed. This makes is challenging to use any of the –Complete messages for this purposes. 
UEInformationRequest / UEInformationResponse. It is initiated by a network to acquire information from a UE that is non-essential for network operations. It is used in similar cases for non-crucial information collection wanted by the network. 
Thus we think that for delivering the GNSS position fix time duration, it can be done via the UEInformationRequest / UEInformationResponse procedure. There may be other questions such as based on what UE should calculate this time (last GNSS measurement, average GNSS measurement time etc), what code points are used and the related capabilities. We also believe that eNB will be aware that the UE has this information based on capabilities. Thus the UE does not need to signal the availability. 
Proposal 1: UE Information Request/Response procedure can be used to send GNSS position fix time duration and UE does not need to signal availability of this information. Other details are FFS.
As seen from the agreements above, RAN1 is working on methods for allowing a UE to perform GNSS measurements when triggered by an eNB as well as a-periodically via measurement gaps. While staying in connected mode to perform the GNSS measurements may make sense in several cases, there are also challenges related to the fact that a GNSS measurement may take a very long time in several implementations, from 1 second to several 10s of seconds. The main challenge is in a LEO network where satellites and its related cells are highly mobile. In this case, mobility may need to be performed due to the highly mobile cells while a GNSS measurement is being performed. The GNSS measurement times can in some cases be at the order of the length of a connection time in many LEO scenarios. 
Observation 2: GNSS measurement length are at the order of length of a connection time of a cell in many LEO scenarios. 
To handle these cases, it should be possible to order a UE to perform a GNSS measurement while not being in connected mode. Thus we suggest that it should be possible for an eNB to signal in a RRCRelease message that a UE shall perform a GNSS measurement. After the measurement has been performed, the UE will go through normal idle mode and RRC establishment procedures and connect to a new cell or the same cell depending on the selected cell. 
Proposal 2: Introduce ability to instruct UE to perform GNSS measurements in an RRCRelease message.

GNSS Assistance data
As mentioned above, the work item also targets the power consumption of performing GNSS measurements. The power consumption, speed and accuracy of performing a GNSS measurement can be greatly improved by having access to GNSS Assistance data. GNSS assistance data [3] are a set of information fields that can provide assistance information for performing GNSS measurements. There are common assist data that can be used for any GNSS type (gps, sbas, qzss or galileo) such as reference time, reference location, ionospheric models etc. There are also generic assistance data that can be used for a specific type of GNSS which includes time models, almanac etc. 
To assist with an IoT NTN UE to perform and reduce power consumption, it would be greatly beneficial if GNSS assistance could be supplied to an IoT NTN UE via the LTE Positioning Protocol. Thus we think that RAN2 should consider whether LPP procedures are applicable to IoT NTN to deliver GNSS assistance data. 
Proposal 3: RAN2 to consider LPP for IoT NTN to deliver GNSS assistance data.






Conclusion
In this contribution we discussed issues related to GNSS operation enhancements. 
Observation 1: RAN1/RAN2 is addressing performing GNSS measurements during long connection times as well as reducing power consumption of performing GNSS measurements. 
Observation 2: GNSS measurement length are at the order of length of a connection time of a cell in many LEO scenarios. 
Proposal 1: UE Information Request/Response procedure can be used to send GNSS position fix time duration and UE does not need to signal availability of this information. Other details are FFS.
Proposal 2: Introduce ability to instruct UE to perform GNSS measurements in an RRCRelease message.
Proposal 3: RAN2 to consider LPP for IoT NTN to deliver GNSS assistance data.
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