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1 Introduction
[bookmark: _Hlk525601705][bookmark: _Hlk525602213]A work item on enabling NB-IoT and eMTC to support Non-Terrestrial Network (NTN) was approved in RAN#94e. One possible enhancement related to RAN1 is as following:
-	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 [RAN1]
Regarding the possible enhancement, it has been discussed in previous RAN1 meetings and following agreements were achieved:
Agreement
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.
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. 
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
Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.
· 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
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, possible optimizations on GNSS operation are discussed.
2 Discussion
In Rel-17, GNSS position fix was agreed to be acquired before initial access for sporadic short transmission. Before accessing the network, a UE acquires GNSS position fix and does not need to re-acquire a GNSS position fix for the transmission of the packets. If GNSS measurement becomes outdated, UE in RRC_CONNECTED mode should go back to idle mode and re-acquire a GNSS position fix. In Rel-18, long connection time is considered and re-acquiring a new GNSS position fix may be possible during RRC-CONNECTED mode. Evaluation captured in TR 36.763 shows that a GNSS fix before every uplink transmission consumes approximately  of the UE's total available energy, wherein a DRX cycle of ~10s and no any enhancement on UL synchronization are assumed [2]. Therefore, reducing the times of acquiring a new GNSS position fix during a long connection time is meaningful to improve UE battery life.
In previous RAN1 meeting, one agreement is 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”. Currently, closed loop time correction can be supported, and no specification impact is expected if no potential enhancement. However, closed loop frequency correction is not supported in current specification. Introducing a closed loop frequency control signaling is needed, e.g., using a MAC CE to indicate frequency command. Similar to current TA command, absolute frequency command and/or frequency adjustment command can be considered.
Proposal 1: Support closed loop correction for pre-compensated frequency offset, e.g., absolute frequency command and/or frequency adjustment command can be considered.
If UL synchronization can be maintained based on closed loop timing/frequency correction signaling, GNSS measurement needn’t be triggered when GNSS validity timer is expired. However, UL synchronization loss may still happen under closed loop timing/frequency correction signaling. If UL synchronization is lost and UL data is arriving, UL resynchronization is needed, and RACH procedure is initiated to acquire UL synchronization. If validity timer of GNSS measurement is not expired, a new GNSS position fix is not needed even if UL synchronization is lost. However, if validity timer of GNSS measurement is expired, RACH procedure is based on outdated GNSS measurement. Thus, success probability of RACH procedure may be impacted. In this case, acquiring a new GNSS position fix can be triggered by UE. In other word, GNSS measurement can be triggered by UE, when GNSS validity timer is expired, there are UL data to transmit, and the UL synchronization is lost.
Proposal 2: Specify the condition of UE triggered GNSS measurement, e.g., when GNSS validity timer is expired, there are UL data to transmit, and/or the UL synchronization is lost. 
Considering simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed, it should be discussed that whether the GNSS measurement window is needed during a long connection time for acquiring a new GNSS position fix. For the case UE triggers a new GNSS position fix, GNSS measurement can be up to UE implementation and GNSS measurement window is not needed. However, for the case eNB triggers a new GNSS position fix at UE side, GNSS measurement window should be defined. Within the GNSS measurement window, eNB does not need to transmit unicast DL and monitor UL for a UE performing GNSS measurement, and the UE does not expect to receive DL from eNB and transmit UL to eNB. Regarding the length of GNSS measurement window, it can be configured via RRC signaling by eNB. The configured value based on the reported assistance information from the UE.  
Proposal 3: For eNB triggered GNSS measurement, a GNSS measurement window needs to be defined. And, the length of GNSS measurement window can be configured by UE specific RRC signaling.
To support eNB triggered GNSS measurement, triggering signaling is needed. In the last RAN1 meeting, one agreement is that MAC CE is used when eNB aperiodically triggers a UE to make GNSS measurement. Regarding the triggering condition of aperiodic GNSS measurement as discussed above, aperiodic GNSS measurement should be triggered in the case that GNSS measurement validation is out-dated and UL synchronization is lost. In this case, the UE cannot send HARQ-ACK for the triggering signaling conveyed by MAC CE. Thus, eNB cannot sure whether the triggering signaling is successfully received by the UE. Therefore, DCI based triggering signaling should be supported for this case. In addition, after GNSS measurement is completed and new GNSS position fix is obtained, PRACH will be transmitted for the purpose of UL resynchronization. So, the DCI used for indication of PDCCH order RACH can also be used to trigger a new GNSS measurement, e.g., implicit indication without any change for all of the DCI fields, or using some reserved bit(s) in the DCI. And, the PDCCH order RACH can be initiated after completing GNSS measurement by the UE.
Proposal 4: For aperiodic GNSS measurement, PDCCH order/DCI based triggering signaling should be supported.
3 Conclusions
This contribution discusses possible enhancements on GNSS operations and the proposals are summarized as following:
Proposal 1: Support closed loop correction for pre-compensated frequency offset, e.g., absolute frequency command and/or frequency adjustment command can be considered.
Proposal 2: Specify the condition of UE triggered GNSS measurement, e.g., GNSS validity timer is expired, there are UL data to transmit, and/or the UL synchronization is lost. 
Proposal 3: For eNB triggered GNSS measurement, a GNSS measurement window needs to be defined. And, the length of GNSS measurement window can be configured by UE specific RRC signaling.
Proposal 4: For aperiodic GNSS measurement, PDCCH order/DCI based triggering signaling should be supported.
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