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In this contribution, the remaining issues on improved GNSS operations for Rel-18 IoT NTN are discussed based on the conclusions in the previous meetings [1]. 
Discussion
1.1 Improved GNSS operation
After RAN1#116, one remaining issue not concluded is how to determine the value of close loop TA  for the UL transmission after successful GNSS measurement in RRC connected state [2]. The formula of TA for IoT NTN is as following：

The drift of oscillator and error of   from GNSS and ephemeris can be corrected by closed loop TA adjustment . When UE applies UL transmission a long time after the last GNSS measurement, e.g. the UL transmission in the duration X after original GNSS validity duration expires, big portion of the accumulated TA adjustment  is contributed to the inaccurate GNSS information assumed by UE. After GNSS measurement autonomously performed by UE or triggered by eNB, the TA error caused by inaccurate GNSS is corrected by new self-compensation of  based on the fresh GNSS information. However, according to current specification in TS36.213, the accumulated TA adjustment which includes the TA compensation for the TA error caused by outdated GNSS information is not reset until a NPRACH is transmitted. The “double” TA correction may introduce even larger TA error for the UL data transmission after GNSS measurement, especially when the GNSS measurement is applied after the original GNSS validity duration expires. To solve this issue, for a successful GNSS measurement ends later than the original validate duration expires, the first UL transmission should be a NPRACH. If a GNSS information is updated before the original GNSS validity duration expires, the TA error due to position error is considered tolerable and the ongoing TA accumulation can continue as legacy behaviour, similar as NR NTN. 
Based on the above analysis, we propose the following CR of 36.331 for GNSS measurement and RAN1 send it by LS to RAN2 

Reason for change:
After a successful GNSS measurement, TA error for the UL data transmission after GNSS measurement will be introduced, especially when the GNSS measurement is applied after the original GNSS validity duration expires.
Summary of change:
For a successful GNSS measurement ends later than the original validate duration expires, the first UL transmission should be a NPRACH.
Consequence if not approved:
Larger TA error will be introduced if the first UL transmission after a successful GNSS measurement is data transmission.
	[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.
<Unchanged parts are omitted>
1>	upon starting GNSS measurement:
2>	stop timer T318, if running;
1> upon indication that GNSS becomes valid:
2>	if before GNSS validity duration expiry
3>  instruct lower layers to report the remaining GNSS measurement validity duration (see TS 36.321 [6]).
2>	else 
3> initiate the random access procedure before reporting the remaining GNSS measurement validity duration (see TS 36.321 [6]).
2>	start or restart timer T318, if timer T317 expires during GNSS measurement, or if timer T317 expires before GNSS measurement and timer T318 is stopped upon GNSS measurement;
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 has expired:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.
<Unchanged parts are omitted>



Proposal: For improved GNSS operations for Rel-18 IoT NTN, send LS to RAN2 to adopt the TP in Clause 5.5.9 of 36.331. 

Conclusions
In this contribution, the remaining issues for Rel-18 IoT NTN are discussed. The following proposals are presented:
Proposal: For improved GNSS operations for Rel-18 IoT NTN, send LS to RAN2 to adopt the TP in Clause 5.5.9 of 36.331. 
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