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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 UL transmission after original GNSS validity duration expires and potential enhancements
The following agreements were made for UL transmission after original GNSS validity duration expires 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
Agreement (RAN1 113)
From RAN1 perspective, at least for the case when frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition.
RAN1 will decide further details of the above.



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. And in RAN1 #113 meeting, RAN1 has agreed that at least for the case when frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition.
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: From RAN1 perspective, 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 within the remaining TAT.

3 GNSS measurement gap
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. 
	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 112bis): 
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.
Agreement (RAN1 113)
The UE is not required to transmit or receive any channel / signal within the aperiodic GNSS measurement gap duration before the UE reacquires GNSS successfully. 
FFS: UE’s behavior within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.
Agreement (RAN1 113)
For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, down select one of the alternatives for the start time of the gap:
· Alt 1: should be at n+ X, where n is the end of MAC CE receiving subframe/slot and X>= 12ms for NB-IoT, X>= 3ms for eMTC 
· Note: X is one value regardless of HARQ feedback enabled or disabled for the MAC CE
· FFS: details, e.g. X is predefined value or configured value 
· Alt 2: should be at n+ X1, where n is the end of MAC CE receiving subframe/slot when HARQ feedback for the MAC CE is disabled and X1>= 12ms for NB-IoT, X1>= 3ms for eMTC, or should be at p+ X2, where p is the end of HARQ feedback transmission subframe/slot when HARQ feedback for the MAC CE is enabled 
· FFS: details, e.g. X1 and X2 are predefined value or configured value, including whether X1 and X2 can be the same
· Alt3: should be at p+ X, where p is the end of HARQ feedback transmission subframe/slot, where HARQ feedback for the MAC CE is always enabled
· FFS: details, e.g. X is predefined value or configured value


In RAN1 #113 meeting, RAN1 has agreed the UE is not required to transmit or receive any channel / signal within the aperiodic GNSS measurement gap duration before the UE reacquires GNSS successfully and FFS: UE’s behavior within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap. In RAN2 #121bis meeting, it has been agreed that "For a UEs that cannot acquire system information and GNSS position at the same time, acquisition of SIB31 may be postponed until GNSS measurement is completed if the UE cannot complete acquisition of SIB31 before the start of GNSS measurement gap". Based on RAN2 agreement, an NB-IoT UE may need to reacquire SIB 31 once UE reacquires GNSS successfully. 
Besides, RAN2 has agreed UE should do GNSS measurement reporting every time upon completing the GNSS fix operation in RAN2 #122. To save resource overhead and report a possible larger remaining GNSS validity duration, it is better to allow UE to transmit or receive signal within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.
Observation 1: UE may need to reacquire SIB 31 once UE reacquires GNSS successfully.
Proposal 2: UE should be allowed to transmit or receive channel / signal within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.

In Rel-17 IoT NTN, the UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of  DL subframe for FDD. 
In Rel-18, the HARQ ACK/NACK feedback for a MAC CE can be enabled or disabled by network via RRC or DCI. On GNSS measurement gap aperiodically triggered by eNB with MAC CE, if HARQ ACK/NACK feedback for the MAC CE is enabled, 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. If HARQ ACK/NACK feedback for the MAC CE is disabled, 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 3: On the start time of GNSS measurement gap aperiodically triggered by eNB with MAC CE, down select Alt 2:
· if HARQ ACK/NACK for the MAC CE is enabled, the gap can start at  , 
· if HARQ ACK/NACK for the MAC CE is disabled, the gap can start at  , 
where NPDSCH transmission ending in NB-IoT subframe n and X is GNSS measurement gap offset configured in GNSS measurement trigger MAC CE.

4 GNSS measurement timer
	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 113)
For NB-IoT and eMTC, at least for the case where the network configuration does not include a periodicity (if supported), for autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, the start time of the autonomous GNSS measurement timer is based on the original GNSS validity duration.
· FFS: additional delay and details of delay (if any), e.g. delay can be zero or can be equal to/larger than the duration X where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
· Note1: Autonomous GNSS re-acquisition mechanism is enabled or disabled by network.
· Note2: The length of GNSS measurement timer can be configured by network and the length of GNSS measurement timer is equal to the latest reported GNSS position fix time duration for measurement when the length of GNSS measurement timer is not configured
· Note3: The autonomous GNSS re-acquisition can be periodic in certain conditions without further spec impact



[bookmark: _Hlk137735036]On UE autonomously re-acquiring GNSS measurement mechanism, in RAN1 #111, it has been agreed that the UE may re-acquire GNSS autonomously based on configured timing (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement. In RAN1 #113, RAN1 has agreed that for autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer.
For the start time of GNSS measurement timer, it should be at the end of original GNSS validity duration and duration X expires consider analysis in section 2. As illustrated in Figure 1, UE does not receive eNB trigger after GNSS validity duration expires and duration X expires, then UE will stay in RRC connected state and start GNSS measurement Timer to re-acquire GNSS autonomously. 

[image: ]
Figure 1: GNSS measurement timer

Proposal 4: GNSS measurement timer can start at the end of original GNSS validity duration and duration X expires, where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition within the duration X.

5 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

Agreements (RAN2 122)
· Confirm the working assumption that GNSS validity duration UE reports is the remaining validity duration.
· The UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation.



In RAN1 #113, this issue has been discussed a lot offline and FL made the following FL recommendation.
	FL recommendation 5:
Companies are encouraged to comment on 
· In case UE failed to re-acquire GNSS position fix before current GNSS validity duration expires, whether UL transmission should be allowed before current GNSS validity duration expires and whether UE should go to idle directly.
· In case UE failed to re-acquire GNSS position fix after current GNSS validity duration expires, whether the UE goes to IDLE immediately after the end of autonomous GNSS measurement timer or after aperiodic GNSS measurement gap, or the UE goes to IDLE after a duration D, where D is after the end of aperiodic GNSS measurement gap or after the end of autonomous GNSS measurement timer.
· After successful GNSS measurement, UE reports the new remaining GNSS validity duration in the UL transmission to inform eNB the success of GNSS measurement in RRC connected, whether UE should indicate success before the end of a duration D, where D is after the end of aperiodic GNSS measurement gap or after the end of autonomous GNSS measurement timer.
· If needed, whether D is predefined or configured and the component configured values.



In RAN2 122, it has been agreed that GNSS measurement reporting happens every time upon completing the GNSS fix operation. Hence, UE can report the new remaining GNSS validity duration in the UL transmission to inform eNB the success of GNSS measurement in RRC connected. To make network and UE have same understanding on the GNSS measurement success, a duration D can be introduced where UE should indicate success before the end of D.  
Proposal 5: After successful GNSS measurement, UE reports the new remaining GNSS validity duration to inform eNB the success of GNSS measurement in RRC connected within a duration D. 
In 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 6: In case UE failed to re-acquire GNSS position fix after current GNSS validity duration expires, the UE goes to IDLE immediately after the end of autonomous GNSS measurement timer or after aperiodic GNSS measurement gap.

6 Conclusion
In this contribution, the following proposals were made
Proposal 1: From RAN1 perspective, 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 within the remaining TAT.
Observation 1: UE may need to reacquire SIB 31 once UE reacquires GNSS successfully.
Proposal 2: UE should be allowed to transmit or receive channel / signal within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.
Proposal 3: On the start time of GNSS measurement gap aperiodically triggered by eNB with MAC CE, down select Alt 2:
· if HARQ ACK/NACK for the MAC CE is enabled, the gap can start at  , 
· if HARQ ACK/NACK for the MAC CE is disabled, the gap can start at  , 
where NPDSCH transmission ending in NB-IoT subframe n and X is GNSS measurement gap offset configured in GNSS measurement trigger MAC CE.
Proposal 4: GNSS measurement timer can start  at the end of original GNSS validity duration and duration X expires, where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition within the duration X.
Proposal 5: After successful GNSS measurement, UE reports the new remaining GNSS validity duration to inform eNB the success of GNSS measurement in RRC connected within a duration D. 
Proposal 6: In case UE failed to re-acquire GNSS position fix after current GNSS validity duration expires, the UE goes to IDLE immediately after the end of autonomous GNSS measurement timer or after aperiodic GNSS measurement gap.
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