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1 Introduction

In Rel-18 WID on IoT NTN enhancements, improved GNSS operation is one of the objectives for performance enhancement [1]:
	· 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. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]


In RAN1#109-e, the following agreements were achieved:
	Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 

· Option 1: UE re-acquires GNSS position fix during RLF procedure

· Option 2: UE re-acquires GNSS position fix with a new gap

Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.

Agreement
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 

· Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.

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 made some further progress:
	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 discuss potential RAN2 impacts related to GNSS operation in connected mode. 
2 Discussion 
In Rel-17, the discussion of IOT NTN is focused on sporadic short transmissions. RAN2 assumes UE needs to perform GNSS fix before entering RRC_CONNECTED, to avoid interruption during connection. And if GNSS becomes outdated, the UE will go to IDLE mode.

	Agreement @ 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.


Therefore, there is no mechanism in Rel-17 for the UE to perform GNSS fix in RRC_CONNCTED.

Since Rel-18 targets long-term connection compared with Rel-17, RAN2 needs to discuss how to optimize the GNSS operation with sparse use of GNSS for long-term connection. Due to UE mobility, UE in RRC_CONNECTED state may need a new GNSS position fix in order to accommodate some errors and reduce the possible radio link failure for long connection times. Due to half duplex transmission mode nature of IoT devices, simultaneous cellular and GNSS operation is not support.
Observation 1: Re-acquire a valid GNSS position fix is necessary for UE in long connection time, while the simultaneous cellular and GNSS operation is not supported. 
To solve this problem, two candidate options were identified for further discussion in RAN1#109-e:

	At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure

· Option 2: UE re-acquires GNSS position fix with a new gap

Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.


In option 1, the RLF procedure consists of 2 phases, i.e. the time duration when T310 is running and the time duration when T311 is running. When UE detects N310 consecutive “out-of-sync” indication (may be due to expiration of GNSS information), the UE detects physical layer problems in RRC_CONNECTED and starts timer T310. It is possible for UE to recover from physical layer problems after UE re-acquire GNSS information and detect N311 consecutive "in-sync" indications. The successive higher layer signaling exchange between eNB and UE to re-establish RRC connection can be saved if GNSS position fix is carried out during this phase. However, UE should be configured with long enough T310 to accommodate both the GNSS measurement and at least N311 radio link monitoring occasions. It may reduce the responsiveness of RLF detection. Meanwhile, eNB may still transmit data to UE during this phase as eNB is not aware of the running of T310 timer at UE. It is a waste of radio resources. If UE cannot recover from physical layer problems before T310 expires, UE will start T311 and initiate the procedure of RRC connection re-establishment, during which cell selection will be performed. Although UE is still in RRC_CONNECTED mode, the synchronization procedure and higher signaling exchange would be similar as when UE goes to idle mode. 
Observation 2: When UE re-acquires GNSS position fix during RLF procedure, the RRC connection re-establishment may be required which involves complex synchronization procedure and higher signaling exchange. 
In Option 2, UE performs GNSS fix during the gap. eNB avoids scheduling data to the UE during the gap if the gap at UE and eNB are aligned, which is similar to the NR inter frequency measurement mechanism. The GNSS measurement can be configured based on the UE assistance information.
Based on the discussion above, it is more efficient to re-acquire GNSS position fix during a new gap (Option2) than during RLF procedure (Option1).
Proposal 1: RAN2 discusses how to enable UE in RRC_CONNECTED to perform GNSS fix during a gap.
With the agreed GNSS assistance information reporting of GNSS position fix time duration for measurement and GNSS validity duration, eNB could trigger the GNSS position fix in a measurement gap before the GNSS information expires. The measurement gap length should not be less than the reported GNSS position fix time duration for measurement. With network triggered GNSS measurement, it is eNB’s implementation to configure the exact occasion of measurement gap. For example, the GNSS measurement can be configured in advance compared to the UE reported validity duration by taking data scheduling into consideration.
As the validity duration depends on UE’s speed which may change and not predictable for a very long time, aperiodic triggering by network can be supported to allow flexible and efficient configuration.
Proposal 2: Support the aperiodic triggering by network.
The measurement gap can be triggered either by MAC CE or RRC signaling. For RRC signaling, the subframe and SFN for the start of the next GNSS measurement gap can be configured by the network. For MAC CE signaling, the current specification on DL MAC CE signaling activation can be reused for the start of the next GNSS measurement. In Control Plane CIoT of NB-IoT, the RRC reconfiguration is not supported. But the measurement gap should be configured per UE. Therefore we think the MAC CE is better so that IoT NTN can use the unified solutions. 
Proposal 3: Use the MAC CE to configure the measurement gap for GNSS position fix.

3 Conclusion
Based on the discussion above we have following proposals: 
Observation 1: Re-acquire a valid GNSS position fix is necessary for UE in long connection time, while the simultaneous cellular and GNSS operation is not supported. 

Observation 2: When UE re-acquires GNSS position fix during RLF procedure, the RRC connection re-establishment may be required which involves complex synchronization procedure and higher signaling exchange. 
Proposal 1: RAN2 discusses how to enable UE in RRC_CONNECTED to perform GNSS fix during a gap.
Proposal 2: Support the aperiodic triggering by network.
Proposal 3: Use the MAC CE to configure the measurement gap for GNSS position fix.
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