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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 RAN1-109e meeting:

Conclusion
IoT NTN UE may need to re-acquire a valid GNSS position fix in long connection time. 
· FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time

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. 

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

Discussion
Review of Rel.17 GNSS operation
In Rel.17 IoT NTN discussion, simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed, that is, GNSS and IoT modules should operate alternatively. GNSS measurement is related to valid GNSS position fix that UE uses to determine its own geolocation, which is critical towards maintaining uplink synchronization (e.g., the pre-compensation behavior). 
Based on the UE’s reported validity duration of GNSS position fix (e.g., 10s, 20s…) as specified in Rel.17 IoT NTN, the network can decide whether to move the UE to RRC_IDLE or perform an uplink scheduling. That is, UE needs to have a valid GNSS fix before going to connected mode. If GNSS becomes outdated, the UE in connected mode should go back to idle mode. If UE still needs to perform uplink and/or downlink communications, then the UE should re-acquire a GNSS position fix and access the network again. The mechanism can reduce the resource waste by ensuring that GNSS position fix is valid for a given transmission and is suitable for sporadic short transmission as prioritized in Rel.17 IoT NTN.
 (
Agreement
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 
The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling. 
X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)
)
Schemes for GNSS measurement in connected
For Rel.18 IoT NTN, GNSS operation should be improved for long connection and high-velocity UEs. Several solutions have been discussed and the potential improved GNSS operation solutions include:
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap

For Option 1, currently, the RLF procedure is triggered based on DL signal quality due to poor channel condition in NTN scenario and triggering RLF procedure is sporadic and random. The GNSS invalidity time is determined by the UE moving speed, and GNSS invalidity may occur periodical after a fix period. The GNSS invalidity time is not always aligned with time triggering RLF procedure. Furthermore, when UE initiates RLF procedure it remains RRC_CONNECTED mode, and a timer is started. The UE tries to recover from RLF during the timer duration. If UE can’t recover from RLF by the time expires, then it declares RLF and moves to RRC_IDLE. The duration of timer is configured for UE recovery from RLF, and if the timer is configured to meet to requirement of GNSS position fix and RLF recovery simultaneously, it may be configured up to more than seconds and not efficient for RLF procedure anymore.
For Option 2, 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 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, which can be configured by eNB based on the UE reported capability. The transmission duration can be configured and even updated 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 1: Scheduling new gap for uplink transmission

Proposal 1: Scheduling new gap solution can be supported for UE with long uplink transmission and solution of scheduling new gap to allow UE to refresh its GNSS position fix needs further study.
Report GNSS assistance information
In Rel-17, it has been agreed that “The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signaling.” For Rel-18 long-term connections, it is agreed to report additional GNSS assistance information to eNB. The additional GNSS assistance information can be GNSS position fix measurement time. If scheduling new gap solution is adopted, the GNSS position measurement time can facilitate eNB new scheduling gap duration configuration, ensure the success of GNSS position fix and reduce the overhead of time resource.
Proposal 2: UE reports GNSS position fix measurement time information and eNB configures the gap duration based on the assistance information.
Closed loop control of UL synchronization
Closed-loop time correction has been supported in IoT NTN, 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 if benefits can be found. However, 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. If there is no update GNSS position fix, it is hard for UE to calculate the UE-specific TA based on the satellite ephemeris information and UE GNSS position fix. In the discussion above, if there is update GNSS position fix during the new transmission gap, closed loop time and frequency correction can be studied as implementation solution for UL synchronization which can reduce the update of GNSS position fix during long connection (e.g., configure long GNSS position fix transmission period).
Proposal 3：Closed loop time and frequency correction can be studied as implementation solution for UL synchronization during long connection.
Validity of GNSS measurement
If scheduling new gap solution can be supported for UE with long uplink transmission and UE reports GNSS validity duration X and GNSS position fix measurement time information with periodic or aperiodic manner, eNB configures the GNSS position fix gap periodically as shown in Section 2.2. If the mobility status is changed, UE can trigger an update of GNSS validity duration X and GNSS position fix measurement time instead of directly trigger a GNSS measurement to eNB. With this mechanism, UE and eNB have good consensus on the time for measurement to avoid scheduling during GNSS position fix gap.
Proposal 4: eNB configures the GNSS position fix gap periodically and UE report the update of GNSS validity duration X and GNSS position fix measurement time instead of directly trigger a GNSS measurement to eNB.
Conclusions
In this contribution, considerations of GNSS operation enhancement for IoT NTN are provided. The following proposals are given.
Proposal 1: Scheduling new gap solution can be supported for UE with long uplink transmission and solution of scheduling new gap to allow UE to refresh its GNSS position fix needs further study.
Proposal 2: UE reports GNSS position fix measurement time information and eNB configures the gap duration based on the assistance information.
Proposal 3：Closed loop time and frequency correction can be studied as implementation solution for UL synchronization during long connection.
Proposal 4: eNB configures the GNSS position fix gap periodically and UE report the update of GNSS validity duration X and GNSS position fix measurement time instead of directly trigger a GNSS measurement to eNB.
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