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1	Introduction
The work item for IoT NTN enhancements in Rel-18 [1] includes an objective on performance enhancements that was updated in [2]:
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.
At RAN2#121bis-e, the following was agreed: 
Agreements:
1. There is no need for UE to provide GNSS position fix time duration in Msg3.
2. RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS

Agreements via email – from offline 104 – second round:
1. UE can stay in RRC_CONNECTED state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap. FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry
2. For a UEs that cannot acquire system information and GNSS position at the same time, acquisition of SIB31 may be postponed until GNSS measurement is completed if the UE cannot complete acquisition of SIB31 before the start of GNSS measurement gap

Agreements online:
1. For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE
2. RAN2 can discuss UE autonomously reacquire GNSS during inactive state of C-DRX based on RAN1’s input in the next RAN2 meeting
Working Assumption: 
1. GNSS validity duration UE reported after GNSS measurement is the remaining validity duration

In this paper we discuss our view on the GNSS enhancements. 
[bookmark: _Ref178064866]2	Discussion
2.1	Triggering the UE to acquire GNSS position fix
MAC and RRC protocols are within RAN2 terms of reference, and not RAN1s. Therefore, there is no need to put any substantial weight to a request from RAN1 to trigger UEs to acquire a GNSS position fix with a MAC CE when that obviously has issues. 
[bookmark: _Toc134759521]MAC CEs and RRC are not in RAN1’s terms of reference. 
[bookmark: _Toc134759522]RAN1 do not consider aspects of signalling like Processing delay, Expandability, LCIDs, Reliability, Scheduling Requests, Buffer Status Reporting, Segmentation, Security, and Complexity. 
[bookmark: _Toc134759532]RAN2 confirms that MAC CE and RRC signalling are in RAN2’s terms of reference, and they are not in RAN1’s terms of reference. 

After the acquisition of a new GNSS position fix, the UE will need to report the gnss-ValidityDuration (as in R17) and the GNSS position fix duration (say using a parameter gnss-FixDuration). 
Acquiring a GNSS position fix in hot/standby state takes from a few seconds up about 22 seconds depending on implementation, the processing delay for RRC triggering such a measurement is negligible. 
[bookmark: _Toc134759523]Using RRC instead of MAC CE for triggering GNSS acquisition has negligible processing delay considering the GNSS time-to-subsequent-fix. 

Obviously, a MAC CE may be lost – and eNB may not know that this has happened. Possibly failed trigger sent in the DL can be detected by the eNB (unless there is an NACK-to-ACK error) and the trigger may be resent, but for the reports there are no retransmissions and they may be lost.
[bookmark: _Toc134759524]Reliability for MAC CE reporting of gnss-ValidityDuration and GNSS position fix duration, as well as for MAC CEs triggering GNSS acquisition is lower than needed. 

If gnss-ValidityDuration and gnss-FixDuration are reported in MAC  CEs, and the UE do not have any other data in the buffers – the UE will not report anything and eNB may be unaware of the UEs state. If the reports are done in RRC, the UE will have data in the SRB buffer and scheduling request will be triggered. 
[bookmark: _Toc134759525]Using MAC CE for reporting GNSS validity duration and/or GNSS position fix duration will not trigger SR nor BSR and may go unnoticed until the UE happens to be scheduled. 

Using a MAC CE to trigger GNSS measurements has security issues, it can be spoofed and used to make UEs disappear for a while. Further, it will make UEs come back with reports of GNSS ValidityDuration and GNSS position fix duration creating excess interference. 
[bookmark: _Toc134759526]Using MAC CE for triggering GNSS acquisition has security issues. 

Specifying a MAC CE for triggering GNSS acquisition comes with major complexity issues, we may need to specify higher reliability for the MAC CEs reporting gnss-ValidityDuration and gnss-FixDuration, some scheme to acknowledge the reception and retransmissions. We may need to specify special triggering of SRs for these new MAC CEs. 
[bookmark: _Toc134759527]Using MAC CEs for triggering and reporting of GNSS acquisition has reliability issues. 
[bookmark: _Toc134759528]Using MAC CEs for reporting of GNSS acquisition has issues that eNB may not be informed of the successful acquisition unless new SR triggering mechanisms are specified. 
[bookmark: _Toc134759529]Using MAC CEs for triggering and reporting GNSS acquisition comes with major specification effort. 

Reusing the existing RRC framework will not require big specification effort, it is just business as usual in RAN2. Further, it is bad design to locate GNSS functionality in MAC when that functionality may require triggering of timers and actions in RRC – and we already have the GNSS ValidityDuration in RRC. 
[bookmark: _Toc134759533]The triggering of GNSS acquisition use RRC signalling. 
[bookmark: _Toc134759534]The GNSS acquisition triggering and reporting functionality is located in RRC. 
Note that it can be specified also for Control plane CIoT EPS optimisation, for example by adding that those UEs need to support a new part of ueInformationRequest that triggers a GNSS acquisition fix, and ueInformationResponse that reports it. Even these are transmitted without security when Control plane CIoT EPS optimisation is used – that is not an argument for not using RRC for all cases that are protected. Further, Control plane CIoT EPS optimisation is optimized for short connections – thus it is unlikely that the system would like to keep the user connected for a long time that requires a new GNSS position fix. 

2.2	Reporting GNSS position fix duration and validity duration

For GNSS ValidityDuration, R17 already have the RRC IE gnss-ValidityDuration that can be reused, it is natural to use a similar parameter gnss-FixDuration (for the GNSS position fix duration) that can be reported at the same places where gnss-ValidityDuration is reported in R17. 
[bookmark: _Toc131729955][bookmark: _Toc134759535]Introduce a new RRC parameter gnss-FixDuration for reporting “GNSS position fix time duration for measurement”. The report gnss-FixDuration is triggered to be reported in the same places where gnss-ValidityDuration is triggered. 
[bookmark: _Toc131729956][bookmark: _Toc134759536]Wait for further RAN1 progress before deciding the value range for “GNSS position fix time duration for measurement” in gnss-FixDuration. 
This solves the issue of informing the eNB of successful acquisition of a new GNSS position fix! 

Regarding the UE reacquiring the GNSS autonomously, for example by utilizing a C-DRX period of sleep – we see this as an unnecessary feature. If there is no data for the UE in DL, and the UE has no data in UL (which is when the UE is able to not monitor PDCCH), then there is no need to keep the UE in connected mode. It is better if the UE is triggered to acquire the GNSS position by eNB when data arrives in DL, or if UE does it autonomously when UL data arrives in the UE. 
[bookmark: _Toc131729951][bookmark: _Toc134759530]The UE autonomously reacquiring the GNSS position fix is already possible for UL data arrival in release-17 by going to IDLE. In release 18 it is sufficient if the UE acquire the GNSS position at UL data arrival. 
[bookmark: _Toc131729952][bookmark: _Toc134759531]In the case of DL data arrival, when the eNB knows the UE has no valid GNSS position fix, the eNB can trigger the UE to reacquire a GNSS position fix (if the UE happens not to listen to PDCCH because UL data has arrived – that is fine, the UE will then be ready with a new GNSS position fix a little earlier). 

Regarding the GNSS validity duration, this shall of course be the same as was specified in R17, the remaining validity duration. The validity duration reported by the UEs are anyway an estimate that may depend on the quality of the UEs sensors and ability to compensate UEs movements by utilizing such sensors. Also, the UE may after a while have a better estimation of the validity duration. 
[bookmark: _Toc134759537]RAN2 confirms the working assumption: The UE reported GNSS validity duration after GNSS measurement is the remaining validity duration, reusing the Release 17 parameter. 


3	Conclusions
In the previous sections we made the following observations: 
Observation 1	MAC CEs and RRC are not in RAN1’s terms of reference.
Observation 2	RAN1 do not consider aspects of signalling like Processing delay, Expandability, LCIDs, Reliability, Scheduling Requests, Buffer Status Reporting, Segmentation, Security, and Complexity.
Observation 3	Using RRC instead of MAC CE for triggering GNSS acquisition has negligible processing delay considering the GNSS time-to-subsequent-fix.
Observation 4	Reliability for MAC CE reporting of gnss-ValidityDuration and GNSS position fix duration, as well as for MAC CEs triggering GNSS acquisition is lower than needed.
Observation 5	Using MAC CE for reporting GNSS validity duration and/or GNSS position fix duration will not trigger SR nor BSR and may go unnoticed until the UE happens to be scheduled.
Observation 6	Using MAC CE for triggering GNSS acquisition has security issues.
Observation 7	Using MAC CEs for triggering and reporting of GNSS acquisition has reliability issues.
Observation 8	Using MAC CEs for reporting of GNSS acquisition has issues that eNB may not be informed of the successful acquisition unless new SR triggering mechanisms are specified.
Observation 9	Using MAC CEs for triggering and reporting GNSS acquisition comes with major specification effort.
Observation 10	The UE autonomously reacquiring the GNSS position fix is already possible for UL data arrival in release-17 by going to IDLE. In release 18 it is sufficient if the UE acquire the GNSS position at UL data arrival.
Observation 11	In the case of DL data arrival, when the eNB knows the UE has no valid GNSS position fix, the eNB can trigger the UE to reacquire a GNSS position fix (if the UE happens not to listen to PDCCH because UL data has arrived – that is fine, the UE will then be ready with a new GNSS position fix a little earlier).

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 confirms that MAC CE and RRC signalling are in RAN2’s terms of reference, and they are not in RAN1’s terms of reference.
Proposal 2	The triggering of GNSS acquisition use RRC signalling.
Proposal 3	The GNSS acquisition triggering and reporting functionality is located in RRC.
Proposal 4	Introduce a new RRC parameter gnss-FixDuration for reporting “GNSS position fix time duration for measurement”. The report gnss-FixDuration is triggered to be reported in the same places where gnss-ValidityDuration is triggered.
Proposal 5	Wait for further RAN1 progress before deciding the value range for “GNSS position fix time duration for measurement” in gnss-FixDuration.
Proposal 6	RAN2 confirms the working assumption: The UE reported GNSS validity duration after GNSS measurement is the remaining validity duration, reusing the Release 17 parameter.
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