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Introduction
In RAN1#111 meeting, the following agreements were made on GNSS operation for IoT NTN [1]:
Agreement
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 


In this contribution, we present the discussion on the improved GNSS operation in IoT NTN scenario.

Discussion
Only sporadic short transmission is supported in Rel-17. 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short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated which means UE is not required to perform GNSS measurement during the connected mode. However, this would bring significant signal overhead and delay due to the GNSS measurement to re-acquire a GNSS position fix. A straightforward solution is to keep the IoT device stays in the connected mode when re-acquiring GNSS position fix. 
Simultaneously GNSS and NTN NB-IoT/eMTC operation is still not assumed in Rel-18 [2]. However, it appears to have different understandings on the simultaneously GNSS and NTN NB-IoT/eMTC operation. One interpretation could be when a UE performs GNSS measurement, the cellular connection is completely released. While the other one interpretation could be when a UE performs GNSS measurement, it cannot perform data exchange while it is capable to maintain the cellular connection. The IoT device is cost-sensitive typically. It is suggested to report the capability that indicating how the non-simultaneously GNSS and cellular operation is supported. The eNB can make proper decision based on UE’s reporting.
Proposal 1: UE reports the capability related to the non-simultaneously GNSS and NTN NB-IoT/eMTC operation.

GNSS measurement triggering
One issue that was discussed in previous meetings is the triggering of the GNSS measurement. Several options can be considered [3]:
· Option 1: eNB/Network trigger GNSS measurement
It was agreed that the eNB/Network can aperiodically trigger GNSS measurement, may be based on the reported GNSS validity duration or other information from the UE. The triggering can be done before the expire of the GNSS validity duration expires. Otherwise when the GNSS validity duration expires, the UE should follow the legacy behavior to go to IDLE mode to avoid the interference to other UL transmissions.
· Option 2: UE trigger GNSS measurement
UE may autonomous triggers the GNSS measurement upon the expire of GNSS validity duration or the changes of the UE’s mobility. However, as simultaneous GNSS measurement and cellular operation is not supported in R18. It is beneficial that no data/control information is expected at the UE side when performing the GNSS measurement. One possible alternative is that the additional measurement windows can be configured to the UE. The eNB can hold the transmission of the data/control information to the target UE within the configured measurement windows. 

Proposal 2: Both network and UE triggered GNSS measurement can be supported.
GNSS measurement schemes
Another issue related to the GNSS measurement is the detailed GNSS measurement scheme. It was agreed that if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap. The configuration of the measurement gap can be configured to the UE and a MAC CE can be used to indicate the detailed measurement gap to be used. Normally a IoT UE’s GNSS validity duration is quite stable, then it is beneficial to support the periodic GNSS measurement to save the signaling overhead.
It is argued that UE re-acquires GNSS position fix during RLF procedure in case the aperiodic eNB’s triggering is missed. The UE could initiate the RLF procedure upon the GNSS information expires and then a timer is started. The UE tries to perform GNSS measurement during the configured duration of the timers, and during that time UE stays in RRC_CONNECTED. If UE has not acquire a valid GNSS position fix upon the timer expires, then it declares RLF and moves to RRC_IDLE. Clearly, the UE should be able to at least maintain its cellular connection when perform the GNSS measurement is assumed for this option. Meanwhile, the simultaneous GNSS measurement and NTN NB-IoT/eMTC operation is still not assumed in R18, the UE is not expected to receive/transmit any data/control information during the GNSS measurement period. However, the eNB is not aware of the UE’s radio link failure issue and thus the resource may be wasted.

Proposal 3: Both periodic and aperiodic GNSS measurement should be supported.

UE reporting
[bookmark: _GoBack]Another issue related to the GNSS measurement is the GNSS assistant information reporting. It was agreed in previous meetings that the GNSS validity duration and GNSS position fix measurement time should be reported. However, it is controversial whether other information is also need to be reported. One issue is whether UE should report the success of the GNSS measurement. In our understanding, if the UE fails the GNSS measurement, UE may not be able to send UL signals as the UL sync is lost. However, when the UE’s GNSS measurement is successful, UE should indicate the success of the GNSS measurement. Otherwise, the eNB is not aware of the UE’s GNSS status and may make improper scheduling decisions.

Proposal 4: UE reports the success of GNSS measurement after the successful GNSS measurement. 



Closed loop control 
It was agreed that closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time. UE can adjust its time/frequency sync based on the gNB’s indication. In order to analyse the need of supporting the closed loop, the time and frequency error caused by inaccurate UE GNSS location are illustrated in figure 1 and figure 2 respectively.
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Figure 1: TA error due to the UE movement
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Figure 2: Doppler shift due to the UE movement
The UE initial transmission timing error shall be less than or equal to ±Te where the timing error limit value is 80*Ts (2.6 µs) for NB-IoT as defined in RAN4. While the maximum frequency error is  +/- 0.1 ppm which is  200 Hz at the 2 GHz S-band as defined in RAN4. The TA error caused by the UE movement with 3KM/h will exceed the TA error limits in hundreds of seconds while with 120Km/h UE movement, the TA error will exceed the TA error limits in around 20 seconds without any closed loop TA adjustment. For the Doppler shift, it can be observed that the Doppler shift can be well maintained with 3KM/h UE movement while for 120Km/h UE movement, the Doppler shit may be an issue at least for the case with higher elevation angle.
GNSS measurement consumes a large portion of the IoT UE’s battery and frequent GNSS measurement should be avoid. For the TA error, the closed loop TA adjustment has already been supported in the legacy design. While for the frequency error, it is up to the UE’s implementation to maintain a rational range. It is proposed to support closed frequency adjustment for NTN scenario. Note that as discussed in above sections, some IoT UE may not be able to perform GNSS measurement in RRC-connected mode and they have to rely on the closed loop control to maintain a long connection. 
Proposal 5: Closed loop frequency control can be supported to avoid frequent GNSS measurement.


Another issue related to the long transmission is that assistant information acquisition. In Rel-17 design, the assistant information including common TA parameters and satellite ephemeris can be carried by SIBx and can be updated by dedicated signalling if needed in connected mode. In Rel-18 if the long transmission is supported, the assistant information may be updated. Much signalling overhead is expected if the assistant information is updated by RRC dedicated signalling. Thus, it is proposed to support the SIB reading during the connected mode.

Proposal 6: The IoT UE can acquire the assistant information from SIBx in connected mode.
Conclusions
In this contribution, we discuss the GNSS operation and SIB reading related to support long transmission. Based on our analysis, we have the following proposals:
Proposal 1: UE reports the capability related to the non-simultaneously GNSS and NTN NB-IoT/eMTC operation.
Proposal 2: Both network and UE triggered GNSS measurement can be supported.
Proposal 3: Both periodic and aperiodic GNSS measurement should be supported.
Proposal 4: UE reports the success of GNSS measurement after the successful GNSS measurement. 

Proposal 5: Closed loop frequency control can be supported to avoid frequent GNSS measurement.
Proposal 6: The IoT UE can acquire the assistant information from SIBx in connected mode.
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