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Introduction
The Release-18 IoT NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #96e meeting [2].

One of the RAN1 objectives is to 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. 
The following agreements were reached in RAN1#11 bis-e meeting [3].

	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.




In this contribution, we provide our views on improved GNSS operations for a new position fix.
Discussion
In last RAN1 meeting, it was agreed MAC CE is to be used for triggering aperiodic GNSS measurement. The GNSS measurement related configuration could be carried in MAC CE, such as the GNSS measurement gap, GNSS measurement periodicity if periodic GNSS measurement is supported. eNB configures the measurement gap based on UE reported GNSS position fix time duration for measurement, UE shall perform measurement within the configured measurement gap. After the aperiodic measurement is triggered, the starting time of measurement gap needs to be defined which is relative to the timing of MAC CE signaling reception. For instance, if the triggering signaling is received in slot n, the measurement will be starting at slot n+k. the k slot at least covers signaling processing time and GNSS measurement preparing time.   
Proposal 1: For aperiodic GNSS measurement triggering, measurement gap and its timing should be carried in the MAC CE. 
Another issue is whether to support periodic GNSS measurement. Some companies concerned about the UE power consumption to perform periodic GNSS measurement. Basically, eNB should not trigger the GNSS measurement blindly. Depending on the UE reported GNSS position fix time duration for measurement and GNSS validation duration, eNB determines the starting time of aperiodic GNSS measurement, then triggers the GNSS measurement. In case the UE reported GNSS measurement assistance information is the same as last report, or no assistance information is reported, eNB doesn’t need to trigger the measurement, UE could perform the measurement according to the configured GNSS measurement periodicity. In this case, there is no additional UE power consumption for periodic measurement, and the signaling overhead is saved. In short, the aperiodic and periodic triggered GNSS measurement working together could increase the GNSS measurement efficiency.  
For periodic GNSS measurement, GNSS measurement gap and measurement periodicity need to indicate to the UE. The information can be configured by RRC signaling or via aperiodic GNSS measurement triggering MAC CE. Again, GNSS measure periodicity is determined based on UE reported validation duration according to UE moving velocity and/or satellite assistance information. The measurement gap is based on the reported for warm fix or cold fix. As the GNSS measurement periodicity and measurement gap are configured by eNB, eNB could avoid the data scheduling during the GNSS measurement gap. Thus, the IoT performance is not impacted. An example of periodic GNSS measurement configuration is showing in Figure1.
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Figure1: example of periodic GNSS measurement

Proposal 2: RAN1 considers supporting periodic GNSS measurement for UE to re-acquire GNSS position for long connection times.
As the aperiodic GNSS measurement is triggered via the MAC CE, the periodic GNSS measurement information could be carried in MAC CE as well, i.e., GNSS measurement gap and GNSS measurement periodicity. In this way, aperiodic GNSS measurement and periodic GNSS measurement are triggered together, aperiodic measurement can be considered as the first measurement of periodic GNSS measurement. In another word, every aperiodic GNSS measurement triggering will update the measurement gap and/or measurement periodicity of periodic GNSS measurement. 
Proposal 3: For periodic GNSS measurement, GNSS measurement gap and GNSS measurement periodicity are configured via aperiodic GNSS measurement triggering MAC CE.

In UE’s RRC connected state, UE may have C-DRX configuration. It is possible the scheduled GNSS measurement gap may occur in the middle of inactive state of UE’s C-DRX. If UE performs GNSS based on the scheduled GNSS measurement gap, it is a waste since the measured GNSS information is not going to be used in the remaining duration of the inactive state of UE’s C-DRX. For this case, UE may adjust GNSS measurement timing to finish the GNSS measurement right before UE is on active state. Overall, RAN1 needs to consider the interaction between GNSS measurement and C-DRX configuration. 

[bookmark: _Hlk116468606]Proposal 4: UE can re-acquire GNSS position fix during inactive state of C-DRX. 
Conclusion
In this contribution, we provided our views on improved GNSS operations for IoT NTN. Our proposals are as follows:
Proposal 1: For aperiodic GNSS measurement triggering, measurement gap and its timing should be carried in the MAC CE. 

Proposal 2: RAN1 considers supporting periodic GNSS measurement for UE to re-acquire GNSS position for long connection times.

Proposal 3: For periodic GNSS measurement, GNSS measurement gap and GNSS measurement periodicity are configured via aperiodic GNSS measurement triggering MAC CE.

Proposal 4: UE can re-acquire GNSS position fix during inactive state of C-DRX. 
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