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1 Introduction
In RAN#98e [1], the revised WID on IoT NTN enhancements has been endorsed for Release 18. The work item aims to specify further enhancements for E-UTRA (LTE-RAN) based NTN (non-terrestrial networks) according to the following assumptions:
-	GEO and NGSO (LEO and MEO).
-	Earth fixed Tracking area. Earth fixed & Earth moving cells for NGSO
-	FDD mode
-	UEs with GNSS capabilities
The WID considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objective related to improved GNSS operations as follows:
Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

This contribution aims to discuss aspects related to improved GNSS operations for IoT NTN.
2 GNSS validity duration extension and potential enhancements
The following agreements were made for GNSS validity duration extension and potential enhancements:

	Agreement (RAN1 106e): 
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for IoT-NTN
Agreement (RAN1 109e): 
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 (RAN1 112): 
At least for the case when frequency error is within frequency error requirements, study the mechanisms and conditions to allow UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration.
· FFS: with legacy closed loop time correction or enhanced closed loop time correction
· This mechanism is enabled/configured by eNB
· FFS: whether such mechanism will be specified depends on the outcome of this study



In RAN1 #112 meeting, RAN1 has agreed that at least for the case when frequency error is within frequency error requirements, study the mechanisms and conditions to allow UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration. 
In legacy, there is timeAlignmentTimer (TAT) which is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned. The TAT can be started or restarted when a Timing Advance Command MAC control element is received. Value of TimeAlignmentTimer in RRC connected is configured in number of sub-frames as in TS 36.331 with {sf500, sf750, sf1280, sf1920, sf2560, sf5120, sf10240, infinity}.
In Rel-17, for short sporadic transmission, RAN2 assumes Upon recovery from loss of precomp synch while TAT has not expired, UE resumes UL operation, no RACH is needed.
For Rel-18 long connection transmission, a similar procedure can be adopted to allow UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration, if GNSS validity duration expires while timeAlignmentTimer has not expired, UE can be allowed to have UL transmission without GNSS re-acquisition.
Proposal 1: For Rel-18 long connection transmission, if GNSS validity duration expires while timeAlignmentTimer has not expired, UE can be allowed to have UL transmission without GNSS re-acquisition.

3 GNSS assistance information
There were agreements on GNSS assistance information reporting in connected.
	Agreement (RAN1 110-b):
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 (RAN1 110-b):
In connected mode, UE may report GNSS validation duration with MAC CE.
Agreement (RAN1 112)
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.



It has been agreed in RAN1 #112 that UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state. From GPS ICD [2], the whole message contains 25 pages (or ’frames’) of 30 seconds each, forming the master frame that takes 12,5 minutes to be transmitted. Every frame is subdivided into 5 sub-frames of 6 seconds each; in turn, every sub-frame consists of 10 words, with 30 bits per word (see figure 3). Every sub-frame always starts with the telemetry word (TLM), which is necessary for synchronism. Next, the transference word (HOW) appears. This word provides time information (seconds of the GPS week), allowing the receiver to acquire the week-long P(Y)-code segment. The typical value for warm start should be times of 6 seconds where each sub-frame with 6 seconds is necessary for synchronism. Considering possible processing time for UE to re-acquire GNSS position fix and DL synchronization after GNSS measurement within GNSS measurement gap/timer, UE can report its GNSS measurement time duration using a 3-bit field with candidate values: {1,2,3,7,13,19,25,37} seconds.
Proposal 2: UE reports one GNSS position fix time duration value using a 3-bit field with [1,2,3,7,13,19,25,37] seconds when moving to RRC connected state.

4 Mechanisms for GNSS measurement in connected
Depending on UE velocity, it was discussed in Rel-18 that UE in RRC-connected state may need a new GNSS position fix in order to accommodate the accumulated time and frequency errors to reduce the possible radio link failure for long connection times. 
	Conclusion (RAN1 109-e)
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 (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 
Agreement(RAN1 112): 
On the length of GNSS measurement gap, which is aperiodically triggered by eNB, the gap duration should be equal to or larger than the latest UE reported GNSS position fix time duration.
FFS: whether the gap duration is configured by eNB, or the gap duration is equal to the latest reported GNSS position fix time duration.
Agreement(RAN1 112): 
On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, RAN1 can down select one of the following alternatives:
· Alt 1: 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
· Alt 2: the start time should be based on the current GNSS validity duration with delay or without delay



On UE autonomously re-acquiring GNSS measurement mechanism, configured timing can be understood as timer(s) as illustrated in Figure 1. The eNB can configure Timer T1 and new GNSS measurement Timer T2 for the UE to re-acquire GNSS measurement. T1 can be configured with length of extension of GNSS validity duration considering closed loop time correction with or without enhancements, or T1 can be timeAlignmentTimer as mentioned in Section 2. GNSS measurement Timer T2 can be configured based on UE reported GNSS position fix time duration for measurement. When Timer T1 expires and UE does not receive eNB trigger, then UE will stay in RRC connected state and start GNSS measurement Timer T2 to re-acquire GNSS autonomously. 
[image: ]
Figure 1: UE autonomously re-acquiring GNSS measurement mechanism
Observation 1: Timer(s) [Timer T1 and Timer T2] can be configured for UE to re-acquire GNSS measurement autonomously. 
Proposal 3: From RAN1 perspective, configured timing for UE re-acquires GNSS autonomously are timer(s). The configuration of GNSS measurement Timer is up to RAN2.
Proposal 4: UE re-acquires GNSS measurement autonomously can start at the point when GNSS validity duration expires and timeAlignmentTimer expires.

In Rel-17 IoT NTN timing relationship for HARQ feedback, upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an HARQ ACK/NACK shall be provided, the UE shall start HARQ ACK/NACK after the end of  DL subframe for FDD. On GNSS measurement gap, which is aperiodically triggered by eNB with MAC CE, the gap can start at  , where NPDSCH transmission ending in NB-IoT subframe n, and X is GNSS measurement gap offset which can be configured by network with RRC parameter or with GNSS measurement trigger MAC CE.
[bookmark: _Hlk131691553]Proposal 5: The GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, at , where n is the end of MAC CE receiving subframe/slot and X is GNSS measurement gap offset which can be configured by network.
Proposal 6: The GNSS measurement gap offset is configured in GNSS measurement trigger MAC CE.

5 GNSS measurement and C-DRX
The following agreements were made in RAN2#116b-e 

	Agreement (RAN2 116b-e):
UE need to have a valid GNSS fix before going to connected. RAN2 assumes that the UE may need to re-aquire the GNSS fix right before establishing the connection (regardless if previously valid or not), if needed to avoid interruption during the connection. 
When the GNSS fix becomes outdated in RRC_CONNECTED mode, the UE goes to IDLE mode.



It has been agreed in Rel-17 that UE may need to re-acquire the GNSS position fix right before establishing the connection (regardless if previously valid or not), if needed to avoid interruption during the connection. 
Assuming a hot fix of 1-2 seconds and re-synchronization time in the order of several hundred ms, the total time will be consistent with connected DRX of 2.56 s. Then a similar way can be reused for Rel-18 inactive state of C-DRX to avoid interruption during the connected state of C-DRX. During the inactive state of Connected DRX, UE can re-acquire GNSS position fix autonomously and report the GNSS validity duration in MAC CE.
Proposal 7: UE can re-acquire GNSS position fix autonomously during inactive state of Connected DRX.

6 Success/failure of GNSS measurement
There were agreements on success/failure of GNSS measurement.
	Agreement (RAN1 112)
The following alternatives can be considered to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
· Alt-1: The UE will report the new GNSS validity duration 
· Alt-2: The reception of any UL transmission from the UE at eNB after the GNSS measurement



After UE re-acquires GNSS position fix in RRC connected, UE may trigger a RACH(wi/o scheduling request) or send HARQ ACK/NACK  for DL packet at the end of the gap or at expiry of the timer or when UE enters into connected state of Connected DRX, to indicate success of GNSS position fix and report the new GNSS validity duration. If UE neither has UL transmission to indicate success of GNSS position fix nor reports the new GNSS validity duration, network cannot distinguish whether UE failed to re-acquire GNSS position fix, which may cause different understanding between UE and network. 
We make the following observation
Observation 2: After UE re-acquires GNSS position fix in RRC connected, UE has a valid GNSS, for the first UL transmission: 
· the first UL data transmission: UE needs a RACH with SR before transmitting data, this can implicitly indicate success of GNSS measurement. 
· the first NPDCCH ordered NPRACH transmission: UE sends a NPDCCH ordered NPRACH, this can implicitly indicate success of GNSS measurement.
· the first UL HARQ ACK/NACK transmission: If UE receives DL packet and sends HARQ ACK/NACK for the packet after applying the timing advance TTA as specified in Rel-17, this can implicitly indicate success of GNSS measurement.
Proposal 8: After UE re-acquires GNSS position fix in RRC connected, successful GNSS measurement is implicitly known in the following UL transmission.
n Rel-17 for short sporadic transmission, RAN2 has agreed when the GNSS fix becomes outdated in RRC_CONNECTED mode, the UE goes to IDLE mode. For Rel-18 long connection, to align with Rel-17 procedure, the UE should go to IDLE mode if UE failed to re-acquire GNSS position fix in RRC_CONNECTED mode whether with GNSS measurement gap or with UE autonomously GNSS re-acquision.
Proposal 9: If UE cannot re-acquire GNSS position fix in RRC connected after the GNSS validity duration expired and the configured timing/timer for autonomous GNSS reacquisition expired, it moves to RRC_IDLE as in Rel-17.

7 Conclusion
In this contribution, the following proposals were made
Proposal 1: For Rel-18 long connection transmission, if GNSS validity duration expires while timeAlignmentTimer has not expired, UE can be allowed to have UL transmission without GNSS re-acquisition.
Proposal 2: UE reports one GNSS position fix time duration value using a 3-bit field with [1,2,3,7,13,19,25,37] seconds when moving to RRC connected state.
Observation 1: Timer(s) [Timer T1 and Timer T2] can be configured for UE to re-acquire GNSS measurement autonomously. 
Proposal 3: From RAN1 perspective, configured timing for UE re-acquires GNSS autonomously are timer(s). The configuration of GNSS measurement Timer is up to RAN2.
Proposal 4: UE re-acquires GNSS measurement autonomously can start at the point when GNSS validity duration expires and timeAlignmentTimer expires.
Proposal 5: The GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, at , where n is the end of MAC CE receiving subframe/slot and X is GNSS measurement gap offset which can be configured by network.
Proposal 6: The GNSS measurement gap offset is configured in GNSS measurement trigger MAC CE.
Proposal 7: UE can re-acquire GNSS position fix autonomously during inactive state of Connected DRX.
Observation 2: After UE re-acquires GNSS position fix in RRC connected, UE has a valid GNSS, for the first UL transmission: 
· the first UL data transmission: UE needs a RACH with SR before transmitting data, this can implicitly indicate success of GNSS measurement. 
· the first NPDCCH ordered NPRACH transmission: UE sends a NPDCCH ordered NPRACH, this can implicitly indicate success of GNSS measurement.
· the first UL HARQ ACK/NACK transmission: If UE receives DL packet and sends HARQ ACK/NACK for the packet after applying the timing advance TTA as specified in Rel-17, this can implicitly indicate success of GNSS measurement.
Proposal 8: After UE re-acquires GNSS position fix in RRC connected, successful GNSS measurement is implicitly known in the following UL transmission.
Proposal 9: If UE cannot re-acquire GNSS position fix in RRC connected after the GNSS validity duration expired and the configured timing/timer for autonomous GNSS reacquisition expired, it moves to RRC_IDLE as in Rel-17.
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