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1	Introduction
In RAN2-125bis meeting, there are two remaining issues on UE behaviour after a successful GNSS acquisition. 
	R2-2402812	Remaining issues on out-of-date GNSS fix	Qualcomm Incorporated	discussion	Rel-18	IoT_NTN_enh-Core
Proposal 4	UE resets the value of N_TA before resuming UL operation after GNSS is fixed. Text proposal is provided above.
Can come back in the next meeting
R2-2403336	On procedures and capabilities related to GNSS fix during C-DRX	Samsung	discussion	Rel-18	IoT_NTN_enh-Core
Proposal 1: Clarify that UE reports GNSS Validity Duration Report MAC CE after successful GNSS position fix during C-DRX.
Agreed (confirmation of previous agreements). Continue the discussion on how the UE reports this



In summary, the issues are:
· After a successful GNSS measurement, how to handle the accumulated timing advance (e.g. N_TA) before resuming UL transmission.
· After a successful GNSS measurement during C-DRX inactive time, when and how UE reports GNSS validity duration MAC CE.
In this contribution, we provide our view on how to address the issues.
2	Discussion
2.1	Timing Advance after successful GNSS measurement
For the Timing Advance, RAN1 has agreed several components should be considered as illustrated below in TS36.211.
	[bookmark: _Toc454818106]8.1	Uplink-downlink frame timing

Transmission of the uplink radio frame number  from the UE shall start  seconds before the start of the corresponding downlink radio frame at the UE.
…

 is defined in different ranges depending on the UE configuration according to Table 8.1-1, Table 8.1-2 and Table 8.1-3. In case of subslot based transmission (Table 8.1-2 and Table 8.1-3), the UE is configured by higher layer signalling a processing timeline and an associated range of timing advance.
The quantity  is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise .
[bookmark: _Hlk86996389]The quantity  is computed by the UE based on satellite-ephemeris-related higher-layers parameters if configured, otherwise .


Specifically:
· is defined as 0 for PRACH and updated based on TA Command field in RAR and TA command MAC CE (TAC). 
· is UE self-estimated TA to pre-compensate for the service link delay.
· is network-controlled common TA, mainly for feeder link delay.

After UE acquires a valid GNSS position, it can determine the UE specific component of the TA (N_TA,adj_UE), which is based on the UE location and the satellite ephemeris. UE can also estimate N_TA,adj_common based on the Common TA parameters. Based on above two estimations the UE can autonomously pre-compensate the TA for the RTT between the UE and the reference point (RP). On top of UE’s TA estimations, NW can use the RAR and/or TAC MAC CE to adjust UE’s TA (i.e., N_TA) based on the received UL transmissions.
After a UE has completed the GNSS measurement successfully, it is unclear whether the UE shall reset the N_TA in the (N_TA+N_TA,offset+N_TA,adj_common+N_TA,adj_UE) definition in TS 36.211.
Observation 1: The value of N_TA is not clear after a UE has completed the GNSS measurement successfully. 
The N_TA is updated based on the UE receiving Timing Advance Commands (TACs) from the network and this could e.g. occur if 
· The UE position is incorrect due to the UE moving in between performing GNSS measurement.
· The UE position is inaccurate, e.g. due to the UE being indoor/shadowed.
· The UE is using satellite assistance information (ephemeris and common TA) which is inaccurate or outdated;
Thus, the TACs may address issues concerning the inaccurate estimation of N_TA,adj_common and the N_TA,adj_UE, but it is not possible to identify which one.
If the UE transmits on PUSCH resources after performing a GNSS measurement the N_TA value may be incorrect and cause uplink interference, especially when with long repetition for IoT NTN UE. The network can respond with TACs, but the range of TAC MAC CE is limited (e.g., up to 16.7 microseconds (μs)) and it may therefore be difficult for the network to adjust for a large TA error and it would also incur large signalling overhead to transmit multiple TACs.
Observation 2: If the UE transmits on PUSCH resources to the network after a GNSS measurement, the following PUSCH transmissions may cause interference to other UEs until the NW corrects any potential TA errors after sending multiple Timing Advance Commands MAC CE.
We therefore consider it is better to require the UE always performs the Random Access procedure to obtain a new N_TA i.e. the UE sets the N_TA to 0. This is advantageous because the network can set a large TA correction (e.g., up to 0.67 milliseconds (ms)) in the Random Access Response message therefore the PUSCH interference to other UEs can be avoided. This is also aligned with the RAN2 agreement reached in RAN2#123bis:
1. GNSS Duration Report MAC CE will not trigger SR; instead CBRA will be used.

Observation 3: The network can correct large TA errors via the Random Access Response message.
Proposal 1: After a successful GNSS measurement /autonomous GNSS measurement, the UE shall  perform the Random Access procedure for UL synchronization using N_TA = 0.

2.2	GNSS validity duration report after successful GNSS measurement in C-DRX inactive time
RAN2 has agreed the UE shall report the new remaining GNSS validity duration to NW after a successful GNSS position fix during C-DRX inactive time. On when the UE should report the new remaining GNSS validity duration to NW after a successful GNSS measurement, we think it can be up to UE’s implementation. A proper UE implementation should guarantee the MAC CE can be reported before the expiry of the current remaining GNSS validity duration while considering the DRX active/inactive status.
Proposal 2: Up to UE implementation to decide when to report the GNSS Validity Duration Report MAC CE after a successful GNSS measurement during C-DRX inactive time.
However, in current specification (as updated in R2-2403774), the UE should instruct lower layers to report the remaining GNSS measurement validity duration upon receiving an indication that a new GNSS position becomes valid, no matter whether the measurement is in C-DRX inactive or not. We think a NOTE should be added to clarify the UE behaviour for the GNSS measurement in C-DRX inactive time.
	[bookmark: _Toc162831140]5.5.9	GNSS measurement triggering and reporting
For BL UEs or UEs in CE or NB-IoT UEs that are connected to NTN, GNSS measurement can be triggered aperiodically by the GNSS Measurement Command MAC CE (see TS 36.321 [6]), or triggered by the UE autonomously if enabled by the network, or triggered by the UE using available idle periods.
The UE shall:
1>	if an indication to perform GNSS measurement is received from lower layers:
2>	perform GNSS measurement using the measurement gap with a gap length indicated by lower layers, as specified in TS 36.213 [23];
2>	stop timer T390, if running;
1>	if gnss-AutonomousEnabled is configured:
2>	perform GNSS measurement using an autonomous gap starting from T390 expiry if ul-TransmissionExtensionEnabled is configured, otherwise starting from GNSS validity duration expiry, with a gap length indicated by lower layers or equal to the latest reported time duration required for the UE to acquire a GNSS position if not indicated by lower layers;
NOTE:	UE can also autonomously start GNSS measurements during available idle periods in RRC_CONNECTED to keep GNSS valid, and the exact time of starting GNSS measurements during available idle periods is left to UE implementation.
1>	upon starting GNSS measurement:
2>	stop timer T318, if running;
1>	upon indication that a new GNSS position becomes valid:
2>	instruct lower layers to report the remaining GNSS measurement validity duration (see TS 36.321 [6]);
1>	upon indication that GNSS measurement has failed:
2>	if GNSS position is out-of-date; and
2>	if ul-TransmissionExtensionEnabled is not configured or T390 is not running:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.
Note: If the GNSS measurement is triggered by the UE using available idle periods, upon indication that a new GNSS position becomes valid it is up to UE implementation to decide when to instruct lower layers to report the remaining GNSS measurement validity duration.



Proposal 3: Add a Note to indicate when the UE should report the new remaining GNSS validity duration to NW after a successful GNSS measurement in C-DRX inactive time.
Proposal 4: If Proposal 3 is agreed, adopt the Note to TS 36.331.
3	Conclusion
This document has made the following observations:
Observation 1: The value of N_TA is not clear after a UE has completed the GNSS measurement successfully. 
Observation 2: If the UE transmits on PUSCH resources to the network after a GNSS measurement, the following PUSCH transmissions may cause interference to other UEs until the NW corrects any potential TA errors after sending multiple Timing Advance Commands MAC CE.
Observation 3: The network can correct large TA errors via the Random Access Response message.
And proposed the following:
Proposal 1: After a successful GNSS measurement /autonomous GNSS measurement, the UE shall  perform the Random Access procedure for UL synchronization using N_TA = 0.
Proposal 2: Up to UE implementation to decide when to report the GNSS Validity Duration Report MAC CE after a successful GNSS measurement during C-DRX inactive time.
Proposal 3: Add a Note to indicate when the UE should report the new remaining GNSS validity duration to NW after a successful GNSS measurement in C-DRX inactive time.
Proposal 4: If Proposal 3 is agreed, adopt the Note to TS 36.331.
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