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1 Introduction

In RAN1#110bis-e and RAN1#111, the following agreements were achieved on the enhancement of GNSS operations for IoT NTN [1, 2]:
	Agreement @ RAN1#110bis-e: 

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.
Agreement @ RAN1#111
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration

The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement

· FFS based on configured timing 


RAN2 #120 email discussion made some further progress [1]:
	Proposal 1: Send LS to RAN1 ask at least the following issues:

·   Whether the GNSS position fix time duration for measurement keeps unchanged during the long connection mode for the same UE.

·   Whether the GNSS validity duration will change or not during the long connection for the same UE

·   Which option(Option 1: RLF based; Option 2: gap based) will be used for GNSS measurement gap configuration

Proposal 2: Consider the following scenarios in further discussion for the UE reporting GNSS position fix time duration for measurement:

·   Upon network request

·   During RACH procedure

·   After completing a GNSS measurement

·   During handover procedure

Proposal 3: RAN2 to discuss whether and how to introduce a NW indication to indicate UE to make GNSS measurement.


In this contribution, we discuss potential RAN2 enhancements related to GNSS operation in long-term connection. 
2 Discussion 
2.1 Measurement configuration
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 And if GNSS becomes outdated, the UE will go to IDLE mode. 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 timing and frequency synchronization errors and reduce the possibility of radio link failure for long-term connection. Due to half duplex transmission mode nature of IoT devices, simultaneous cellular and GNSS operation is not support. Thus, re-acquire the GNSS position during a new gap or during the RLF procedure are considered as two candidate options, which are discussed in last meeting both in RAN1 and RAN2. 

In RAN2#120 [3], conclusion on whether re-acquire the GNSS position during a new gap or during the RLF procedure is waiting for RAN1’s progress. In RAN1#111 [2], UE can re-acquire GNSS position fix with a gap was agreed. Thus, the remaining issues need to be studied are how to indicate UE to make GNSS measurement and the details of gap configuration. These two issues are also listed as FSS in the latest meeting of RAN2 and RAN1, respectively. In this section, the measurements configuration of GNSS position fix is discussed.
Observation 1: UE re-acquiring GNSS position fix with a new gap is agreed by RAN1.
For network triggered gap-based GNSS measurement, network should make UE be aware of when and how long it will take to perform the GNSS reacquisition. Thus, network should configure a duration and start time for measurement to UE. The measurement gap can be configured and triggered either by MAC CE or RRC signaling. Taking the triggering of measurement gap as example to explain their difference. For RRC signaling, the subframe and SFN for the start of the next GNSS measurement gap can be configured by 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 RAN1#110bis-e [1], aperiodic triggering of GNSS position fix by network with the signalling of MAC CE was agreed. In Control Plane CIoT of NB-IoT, the RRC reconfiguration is not supported, while the measurement gap should be configured per UE (i.e., configure via system information is infeasible). Therefore we think the MAC CE can be adopted for signalling of gap configuration as well as measurement triggering so that IoT NTN can use the unified solutions.
Proposal 1: Use the same MAC CE to simultaneously trigger the GNSS position fix and configure the measurement gap.
2.2 UE triggered GNSS measurement

In the last meeting RAN1, UE may trigger to re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement. For example, UE may re-acquire GNSS measurement autonomously after GNSS validity duration expires and UE does not receive eNB’s trigger. A timer configured by eNB and initiated by UE when the reported validity duration expires and no GNSS measurement trigger is received, which is listed as option 3 to reacquire GNSS position in the email discussion in RAN1#111.
	RAN1#111 Email discussion:
Moderator View: As discussed in the offline discussion, the configured GNSS timer(s) mechanism is utilized as a fallback mechanism if UE does not receive eNB trigger. The timer(s) can be configured by eNB, where UE and eNB can have same understanding on the timer(s), like the specified timer-based solution T317 and T318 to re-acquire SIB31 in RRC_CONNECTED in Rel-17, e.g. the GNSS measurement timer can start at the expiry of (updated) GNSS validity duration. The connected UE re-acquires GNSS position fix with new timer(s) mechanism can be seen as a new Option 3 as discussed in RAN1#110bis-e, where the connected UE does not initiate RLF procedure and keeps in RRC_CONNECTED to re-acquire GNSS measurements. 


UE re-acquires the GNSS information before the timer expires, the timer stops and UE updates validity duration to eNB. Otherwise, UE needs to enter into idle mode. 

Besides, if UE receives the trigger of GNSS position fix successfully but fails to finish the GNSS measurement during the measurement gap, UE may autonomously re-acquire GNSS position fix from the end of the GNSS measurement gap. Based on RAN1’s agreement, we think the configured timing can be used to enable the UE’s re-acquiring of GNSS autonomously if UE does not receive eNB trigger to make GNSS measurement.   
Proposal 2: The configuration of the timer for autonomous GNSS re-acquiring can be used as an implicit enabler for the autonomous GNSS re-acquiring. 
2.3 Issues on GNSS re-acquisition in RRC_CONNECTED mode
The duration of measurement gap should not be less than the UE reported GNSS position fix time duration for measurement, otherwise the UE is not able to finish the GNSS measurement within the gap. That is, the duration of measurement gap is configured according to the UE reported GNSS position fix time duration for measurement. It should also be noted that this time duration for measurement depends on the operation mode of GNSS model. For example, the hot start needs 1s~3s while warm and cold start need more than 30s for GNSS position fix. In TR 38.821 it is shown that handover might occur as often as every 10 seconds. Thus, the time duration required for GNSS position fix is in the same order of the time window that UE served by a single satellite. Since UE may not be able to communicate with network or perform serving cell or neighboring cell measurement, RAN2 should further discuss how to address this.
For example, UE cannot perform serving or neighboring cell measurement during the gap, the handover might be delayed, resulting in the risk of handover failure. In addition, for CHO, both GNSS position information and RSRP cannot be updated during GNSS position fix gap, which effects the CHO evaluation as well as CHO result. Besides, during GNSS position fix gap, the GNSS position information might be outdated due to the change of mobility state. The outdated GNSS position information may result in an incorrect TA report, which may further cause the synchronization loss for DL transmission. 
Proposal 3: RAN2 to further study how to solve the issue caused due to the unavailability of measurement and communication with NW during the UE performing GNSS measurement. 
3 Conclusion
Based on the discussion above we have following observations and proposals: 
Observation 1: UE re-acquiring GNSS position fix with a new gap is agreed by RAN1.
Proposal 1: Use the same MAC CE to simultaneously trigger the GNSS position fix and configure the measurement gap.
P Proposal 2: The configuration of the timer for autonomous GNSS re-acquiring can be used as an implicit enabler for the autonomous GNSS re-acquiring. 
Proposal 3: RAN2 to further study how to solve the issue caused due to the unavailability of measurement and communication with NW during the UE performing GNSS measurement.  
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