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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#94 plenary meeting, an enhancement work item for Rel.18 IoT NTN was approved. One of the objectives is to specify the following GNSS operations enhancements to IoT NTN.

This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	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]
The following agreements on improved GNSS operations for IoT NTN were achieved in RAN1-111 meeting:

Agreement
For the GNSS measurement gap aperiodically triggered with MAC CE, the duration for the GNSS measurement gap can be configured by eNB.
· The gap duration is equal to the latest reported GNSS position fix time duration for measurement when the duration for GNSS measurement gap is not included in the configuration by eNB.

Conclusion
From RAN1 perspective, UE is not forbidden to autonomously re-acquire GNSS position fix during inactive state of Connected DRX.
· Note: The configured DL/UL transmissions during inactive state of Connected DRX should not be impacted
· Note: details are up to RAN2
Send an LS to RAN2 for the conclusion.

Agreement
On when the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
· FFS: details of X, e.g. predefined value or configured value, considering HARQ feedback for the MAC CE, etc

[bookmark: _Hlk133492826]Agreement
UE reports one GNSS position fix time duration for GNSS measurement via a N-bit field at least including [1,2] seconds as component values.
· FFS: value of N, other component value(s) of GNSS position fix time duration (e.g. N=3, with value in [3,7,13,19,25, X] seconds, and X is FFS).
· FFS: whether RAN4 input is needed.

In this contribution, detailed considerations of potential enhancement for IoT NTN, especially GNSS operation improvements are presented.

Discussion
Closed loop control of UL synchronization
Closed-loop time correction has been supported in IoT NTN after initial access procedure, which can improve power consumption with reduced use of GNSS module to re-acquire GNSS position fix, while closed-loop frequency correction hasn’t been specified and needs further study as discussed in previous meetings. 
However, whether to support closed loop uplink synchronization, especially closed loop frequency correction needs further study. Firstly, UE timing and frequency adjustment via UE closed-loop corrections may be only applicable for stationary UEs or UEs with low speed not for high-velocity UEs, since the closed loop correction may not be able to track the variation. Secondly, for NBIoT and eMTC, PUSCH transmission is always configured with large repetition, UE may not have the opportunity to monitor the PDCCH, the closed loop frequency correction in MAC CE is not available and UE still may not have the opportunity to perform time/frequency synchronization and corresponding adjustment during the uplink transmission except the configured gap duration. Thirdly, if closed loop frequency correction is supported, it may involve some evaluations and requirements for RAN4 (e.g., frequency correction granularity, frequency correction range, accuracy requirement), the workload of WI may be reevaluated. Considering the workload and standard effort, it is better not to support of closed loop time and frequency correction enhancement during long connection.
Proposal 1：Considering the workload and standard effort, it is better not to support of closed loop time and frequency correction enhancement during long connection.

Schemes for GNSS measurement in connected
For Rel.18 IoT NTN, GNSS operation should be improved for long connection and high-velocity UEs. It was agreed that UE re-acquires GNSS position fix with a new gap and eNB at least aperiodically triggers UE to make GNSS measurement. 
Regarding the triggering the GNSS measurement by network or by UE, since eNB has knowledge of the validity duration of UE’s GNSS information, triggering the GNSS measurement according to the validity duration can be controlled by network. Regarding the triggering the GNSS measurement for aperiodic and periodic way, both ways can be supported for different scenarios.
For aperiodic triggering GNSS measurement, the new scheduling gap can be configured for GNSS measurement in advance to the data scheduling based on the UE reported validity duration as shown in Figure 1. Aperiodic triggering by network is straightforward way to GNSS measurement, which is flexible and efficient for sporadic but LONG transmission. The GNSS measurement is be triggered by MAC CE. The new scheduling gap length is determined by the GNSS Time To First Fix (TTFF), the GNSS TTFF parameter is typically 1~2 seconds with hot start or around 5~9 seconds with warm or cold start.


Figure 1 Aperiodic and periodic triggering GNSS operation
However, for one NPUSCH codeword transmission spans up to 40s, time/frequency synchronization can’t be maintained the same during NPUSCH transmission since UE’s reported validity duration of GNSS position fix may be less than 40s(e.g., 10s, 20s…) as specified in Rel.17 IoT NTN. UE can’t be triggered with aperiodic GNSS measurement by MAC CE during long uplink transmission. Before the uplink transmission, UE can be configured with GNSS measurement gap with periodic way by RRC configuration. Periodic GNSS measurement can be adopted during the long NPUSCH transmission (e.g., starting from the actual uplink transmission). Similar as NBIoT uplink transmission gap (e.g., with length of 40ms), during uplink transmission, a new periodic scheduling gap (e.g., much longer than legacy uplink transmission gap) after a transmission duration is configured to UE and the uplink transmission is punctured/postponed/suspended during the new scheduling gap. The transmission duration can be configured by eNB based on the UE reported validity duration of GNSS position fix.
During the new transmission gap, UE can refresh its GNSS position fix, may need to maintain DL synchronization, and may even need to perform contention-free/contention-based based RACH procedure to confirm the serving cell and corresponding TA. Some of the UE behaviors in the new transmission gap are up to UE implementation (e.g., GNSS position fix, DL SYNC).


Figure 2: Scheduling new gap for uplink transmission
Proposal 2: Triggering the GNSS measurement for both aperiodic and periodic way should be controlled by network.
Proposal 3: UE can be configured with GNSS measurement gap with periodic way by RRC configuration.

GNSS assistance information
It was agreed that UE reports at least GNSS position fix time duration for measurement and GNSS validity duration to gNB; UE reports GNSS position fix time duration for measurement at least during the initial access stage; UE may report GNSS validation duration with MAC CE in connected mode.
Regarding the indication for success/completion of GNSS position fix, GNSS validation duration is reported to gNB based on the UE capability, and eNB can configure the UE-specific GNSS measurement gap to guarantee the performance of GNSS operation, so there is no need to further explicitly indicate the success/completion of GNSS position fix, and the reception of any UL transmission from the UE at eNB side after the GNSS measurement can be an implicit way to report the success/completion of GNSS position fix.
On whether GNSS position fix time duration needs to be reported in connected, since UE is expected to report the GNSS position fix time duration for cold/warm/hot start in initial access procedure, eNB may configure the GNSS measurement based on the interval between two consecutive measurements, and the GNSS position fix time duration for each mode may not be expected to change, so there is no need to further indicate GNSS position fix time duration in connected.
Proposal 4: UE is not expected to further explicitly report indication for success/completion of GNSS position fix, and the reception of any UL transmission from the UE at eNB side after the GNSS measurement can be an implicit way to report the success/completion of GNSS position fix.
Proposal 5: UE is not expected to further update the GNSS position fix time duration in connected.

Conclusions
In this contribution, considerations of GNSS operation enhancement for IoT NTN are provided. The following proposals are given.
Proposal 1：Considering the workload and standard effort, it is better not to support of closed loop time and frequency correction enhancement during long connection.
Proposal 2: Triggering the GNSS measurement for both aperiodic and periodic way should be controlled by network.
Proposal 3: UE can be configured with GNSS measurement gap with periodic way by RRC configuration.
Proposal 4: UE is not expected to further explicitly report indication for success/completion of GNSS position fix, and the reception of any UL transmission from the UE at eNB side after the GNSS measurement can be an implicit way to report the success/completion of GNSS position fix.
Proposal 5: UE is not expected to further update the GNSS position fix time duration in connected.
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