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1	Introduction
In the Rel-17 study item (SI) and work item (WI) on IoT NTN, GNSS capability was assumed for the IoT NTN UE. The simultaneous operation of GNSS and cellular modules, however, was not considered. This assumption motivated a study to assess the impact of GNSS operation on the battery life of an IoT NTN UE. To this end, the UE battery life evaluation results for eMTC/NB-IoT NTN UEs were captured in TR 36.763. 
In the Rel-17 WI on IoT NTN, the discussion on GNSS operation mainly revolved around two aspects: GNSS validity timer and GNSS measurement gaps. RAN1/RAN2 agreed to introduce a GNSS validity timer for IoT NTN and specified the UE behavior. The relevant agreements are reproduced in the Appendix. As there was no decision made on introducing GNSS measurement gaps, this topic will be discussed in the Rel-18 WI on IoT NTN [1]. In this contribution, we provide our views on improved GNSS operation for IoT NTN.
2	Improved GNSS operation for IoT NTN
In this section, we share our views on different GNSS aspects to optimize its operation in IoT NTN.
2.1	GNSS measurement gap in connected mode
The Rel-17 discussions on GNSS measurement gaps prioritized the case of short sporadic connections where the connection duration is expected to be shorter than that of the GNSS/uplink synchronization validity timer. It was agreed that measurement gaps were not needed for the short connection case. The discussion on the need for introducing such gaps for long connections was left for later releases. 
RAN1#107-e
Agreement
Send LS to RAN2 to take the following RAN1 agreements into consideration to specify the aspects related to GNSS position validity:
· For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated 
· The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)

RAN2 has since discussed and made following agreements related to GNSS acquisition and GNSS validity timer expiry during connected mode: 
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.
RAN2#117-e
· P2: RAN2 will follow the RAN1 agreement that UE will report the remaining GNSS validity duration to the network. FFS: value range (not clear if the values of RAN1 agreement can be used). FFS which message. 

In the light of the highlighted text, it seems that measurement gaps are not even needed for long connections since the UE will switch to idle mode upon timer expiry. 
[bookmark: _Toc102113659]GNSS measurement gaps in connected mode may not be needed if UE goes to idle mode upon expiry of the GNSS position fix.
As a first step, RAN1 should discuss and clarify the above observation to align company views. Therefore, we have the following proposal. 
[bookmark: _Toc102113663]RAN1 to confirm if GNSS measurement gaps are needed for IoT NTN UEs in connected mode. 
2.2	GNSS measurement gap in idle mode
This is a key topic inherited from the Rel-17 WI on IoT NTN. The discussion was motivated by the fact that GNSS time-to-first-fix (TTFF) may take several seconds - anywhere from 1 sec (hot start), 5 sec (warm start), or up to 30 sec (cold start) depending on when the GNSS position fix was last acquired. While it is obvious that the GNSS acquisition time needs to be accounted for in the paging procedure, it is not clear whether a measurement gap is needed to allow for the GNSS acquisition in between a paging occasion and before random access. 
[bookmark: _Toc102113660]The GNSS acquisition time needs to be accounted for in the paging procedure.
If it is efficient and feasible to rely on the existing paging timers to account for GNSS acquisition time, measurement gaps may not be needed for paging.  
[bookmark: _Toc102113664]RAN1 to discuss and decide on introducing GNSS measurement gaps in IoT NTN for paging idle mode UEs.   
2.3	Reporting GNSS validity duration
In RAN1#107-e and RAN2#117-e, it was agreed that the UE will report information related to the remaining GNSS validity duration using RRC signalling. There are a few remaining details that RAN1 needs to discuss. For example, we need to decide when the UE needs to send this report. One option is to send it during connection establishment phase, and another is to report it before the GNSS validity timer is about to expire. Our view is that the remaining validity duration can be reported during the connection establishment phase. This way, the network may schedule resources accordingly if needed. As the GNSS validity timer may not expire during connected mode, linking the reporting to timer expiry may not be the best option.
[bookmark: _Toc102113665]RAN1 to discuss and decide when the UE should report the remaining GNSS validity timer duration.
3	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	GNSS measurement gaps in connected mode may not be needed if UE goes to idle mode upon expiry of the GNSS position fix.
Observation 2	The GNSS acquisition time needs to be accounted for in the paging procedure.

Based on the discussion in the previous sections we propose the following:

Proposal 1	RAN1 to confirm if GNSS measurement gaps are needed for IoT NTN UEs in connected mode.
Proposal 2	RAN1 to discuss and decide on introducing GNSS measurement gaps in IoT NTN for paging idle mode UEs.
Proposal 3	RAN1 to discuss and decide when the UE should report the remaining GNSS validity timer duration.
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Appendix
RAN1#105-e
Agreement:
For sporadic short transmission:
· The idle UE wakes up from idle DRX / PSM, access the network, perform uplink and/or downlink communications for a short duration of time and go back to idle. 
· Before accessing the network, the UE acquires GNSS position fix and does not need to re-acquire a GNSS position fix for the transmission of the packets.
Details of the duration of the short transmission, acquisition of the GNSS position and validity of the GNSS position can be discussed in normative phase.

RAN1#106-e
Agreement:
For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated.

RAN1#107-e
Agreement
Send LS to RAN2 to take the following RAN1 agreements into consideration to specify the aspects related to GNSS position validity:
· For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated 
· The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)

[bookmark: _Hlk101803952]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.
RAN2#117-e
· P2: RAN2 will follow the RAN1 agreement that UE will report the remaining GNSS validity duration to the network. FFS: value range (not clear if the values of RAN1 agreement can be used). FFS which message. 
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