3GPP TSG RAN WG1 #110bis-e			R1-2209602
e-Meeting, October 10th – 19th, 2022

Agenda Item:	9.11.4
Source:	Apple
Title:	On Improved GNSS Operations for IoT NTN 
Document for:	Discussion/Decision
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#110 meeting [3].

	Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 

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
· 



In this contribution, we provide our views on improved GNSS operations for a new position fix.
Discussion
GNSS measurement enhancements were extensively discussed in last RAN1 meeting, two potential solutions could improve the GNSS operations.
· Option 1: UE re-acquires GNSS position fix during RLF procedure
In legacy RLF procedure, if the timer T310 is expired, then UE would fall back to RRC_IDLE mode. In Rel-13, the timer T310 is extended to 4s and 6s. If GNSS measurement is included in RLF procedure, falling back to idle mode is avoided. In this case, the current timer is not enough, extension the timer or a new timer could be defined for IoT GNSS operations.
With this option, the issue is the network doesn’t know the timing when UE is performing GNSS measurement. It is possible the eNB is still scheduling the data transmission when UE is performing GNSS measurement. 
· Option 2: UE re-acquires GNSS position fix with a new gap 
Another way is for network to schedule a GNSS measurement gap for the UE. UE could measure its GNSS position during this period. This approach has small impact on UE performance due to GNSS measurement and is worth to examine. With this option, the GNSS measure periodicity and measurement gap should be reported by IoT UE according to UE moving velocity and/or satellite assistance information. The measurement gap could be separately 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 during the UE performing GNSS measurement, the IoT performance is not impacted.
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Figure1: example of periodic GNSS measurement

Proposal 1: RAN1 considers network schedules new periodic GNSS measurement gap for UE to re-acquire GNSS position for long connection times.

If GNSS measurement gap is supported, clearly periodic GNSS measurement is more attractive than aperiodic triggered GNSS measurement from UE power saving and signaling perspective. As showing in Figure1, GNSS measurement gap and GNSS measurement periodicity need to be configured for connected UE, the starting subframe for measurement gap can be relative to SFN=0. So, RRC signaling could trigger the periodic measurement without timing mis-alignment issue.  

Proposal 2: For periodic GNSS measurement, UE derives the starting subframe for GNSS measurement by configured GNSS measurement gap, GNSS measurement periodicity and subframe offset.

For aperiodic triggered GNSS measurement if it is supported, the MAC CE could be used to trigger the aperiodic GNSS measurement. The GNSS measurement related configuration could carry in MAC CE without RRC configuration, such as the GNSS measurement gap, GNSS measurement periodicity. After the aperiodic measurement is triggered, then the following the measurements are the same as periodic GNSS measurement, i.e., performing measurement in the gap in every measurement periodicity. If aperiodic measurement is triggered by MAC CE, the measurement starting time need to be defined which is relative 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 is signaling processing time and GNSS measurement preparing time.   

Proposal 3: MAC CE is used for triggering aperiodic GNSS measurement. 

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 perform GNSS measurement just before UE is on active state, or just after receiving the paging information. Overall, RAN1 needs to consider the interaction between GNSS measurement and C-DRX configuration. 

Proposal 4: RAN1 is to consider the interaction between GNSS measurement and C-DRX. 
Conclusion
In this contribution, we provided our views on improved GNSS operations for IoT NTN. Our proposals are as follows:

Proposal 1: RAN1 considers network schedules new periodic GNSS measurement gap for UE to re-acquire GNSS position for long connection times.

Proposal 2: For periodic GNSS measurement, UE derives the starting subframe for GNSS measurement by configured GNSS measurement gap, GNSS measurement periodicity and subframe offset.

Proposal 3: MAC CE is used for triggering aperiodic GNSS measurement. 

Proposal 4: RAN1 is to consider the interaction between GNSS measurement and C-DRX. 
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