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Introduction
[bookmark: _Hlk66110521]According to the Rel-17 specification (TS 38.300 v17.4.0) [1], a UE shall obtain its valid GNSS position before connecting to a NTN cell, and shall move to the idle state upon outdated GNSS position. This is because UE’s location information is essential for performing time and frequency compensation and a NB-IoT UE is not able to perform the mobile communication task with the BS while accessing the GNSS module. 
In Rel-18, the enhancements on the GNSS operation were first discussed in RAN2 in the RAN2#121 meeting, with the following agreements been achieved [2]. 
	Agreements in RAN2#121:
1. For UE to report GNSS position fix time duration for measurement during the initial access, at least the following Msg5 message can be used:
· RRCConnectionSetupComplete, RRCConnectionSetupComplete-NB,  
· RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB,
· FFS for RRCreestablishmentComplete and RRCConnectionReconfigurationComplete.
· FS for Msg3
2. FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement
3. The value range {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} introduced in R17 is reused for connected UE GNSS validation duration report, unless modified by RAN1.
4. UE reports GNSS validity duration after GNSS measurement. FFS whether the UE reports every time or only if the validity duration changes. FFS if the duration is the remaining validity duration or the whole duration.



[bookmark: _GoBack]In this paper, we discuss several FFS items listed above and attempt to resolve them with some remedies proposed in the paper. In addition, we extend the discussion to cover also the c-DRX scheme at the end of the paper.
Discussion
[bookmark: _Ref95317406][bookmark: _Toc95747774][bookmark: _Toc118473106][bookmark: _Toc118473352]Before diving into the details, we think it is important to understand first when a UE would start/restart its GNSS validity duration timer, as it will impact how easily/difficultly a GNSS validity duration will get expired. There are two possible timing for the UE to start/restart its GNSS validity duration timer: 1) upon conducting successfully a GNSS position fix, and 2) upon reporting its GNSS validity duration to the eNB. In our view it is the first timing (i.e., upon conducting successfully a GNSS position fix), as in this way we can avoid frequent UE state transitions by not giving a chance for the GNSS validity duration to get expired before UE reports the GNSS validity duration. Also according to the Rel-17 specification (TS 36.331 v17.4.0), UE includes gnss-validityDuration in accordance with the remaining time of the GNSS validity duration in the initial access/RRC resume/RRC reestablishment/handover case, which implies the UE has started the GNSS validity duration earlier than when UE reports it. 
[bookmark: _Toc131697240][bookmark: _Toc131761103]UE updates and restarts its GNSS validity duration upon successfully conducting a GNSS position fix. 
The first issue/FFS in the RAN2#121 agreements is whether the UE can stay in the connected state when current GNSS position becoming out-of-date if the UE has initiated a new measurement. We think it is a bit unclear what it means by ‘UE has initiated a new measurement’, as there could be 3 possibilities: a) the UE has been configured with a measurement, b) the UE has started the measurement gap but has not completed conducting the GNSS position fix, or c) the UE has completed conducting the GNSS position fix. We illustrated these three possibilities in Figure 1 below, for ease of understanding. 



Figure 1. Three possible timing at which the GNSS validity duration expires.

If it is the case that the GNSS position becomes out-of-date before UE enters a measurement gap (e.g., the case with red arrow in Figure 1), then we think this is a configuration problem and the UE shall transition to the idle state, based on the Rel-17 UE behavior. 
[bookmark: _Toc131697241][bookmark: _Toc131761104]If UE is provided with a measurement gap that occurs after UE’s GNSS validity duration expires, the UE shall transitions to the idle state upon the expiry of the GNSS validity duration (i.e., same as the legacy behavior). 
If it is the case that the original GNSS validity duration expires after the GNSS position fix is completed (e.g., the case with green arrow in Figure 1), according to proposal 1, the UE would have already restarted the GNSS validity duration and hence the UE will not transition to the idle state. On the other hand, if it is the case that the original GNSS validity duration expires before the GNSS position fix is completed and after the UE has started the measurement gap (e.g., the case with blue arrow in Figure 1), then we think there should be an exception for this case that allows UE to stay in the connected state after the GNSS validity duration expires. In this case eNB shall also keep the UE in the connected state even after UE’s GNSS validity duration has expired. 
[bookmark: _Toc131697242][bookmark: _Toc131761105]If UE’s GNSS validity duration expires when the UE is in a measurement gap, the UE does NOT transition to the idle state upon the expiry of the GNSS validity duration. 
Once the UE left the measurement gap configured for the GNSS position fix, per RAN2 agreement, we need to make it report the updated GNSS validity duration, preferably within a period of time. If the UE is not able to report the GNSS validity duration within the period, we consider the GNSS position fix was not conducted successfully by the UE, and hence need to transition the UE to the idle state if the GNSS validity duration has expired as well. Therefore, we should let UE/eNB start a new timer at the end of the measurement gap configured for the GNSS position fix, where the new timer is stopped upon UE reporting (or eNB receiving) the GNSS validity duration. Upon the expiry of the new timer, UE transitions to the idle state and eNB releases the UE, if the GNSS validity duration has also expired.
[bookmark: _Toc131697243][bookmark: _Toc131761106]The UE/eNB starts a new timer at the end of the measurement gap configured for the GNSS position fix.  The UE/eNB stops the new timer upon reporting/receiving the GNSS validity duration. UE autonomously transitions to the idle state upon the expiry of the new timer, if the GNSS validity duration has also expired.
In case that the UE doesn’t conduct the GNSS position fix successfully in a measurement gap (the reason could be the signal transmitted from the GNSS satellite(s) gets blocked by obstacles), the UE can transition to the idle state earlier at the end of the measurement gap (i.e., no need to wait until the expiry of the new timer), if the GNSS validity duration has also expired. 
[bookmark: _Toc131697244][bookmark: _Toc131761107]The UE transitions to the idle state at the end of the measurement gap configured for the GNSS position fix, if the GNSS validity has expired and the UE failed to conduct the GNSS position fix in the measurement gap. 
Regarding the FFS “whether the UE reports every time or only if the validity duration changes”, we think the UE shall report every time after conducting the GNSS position fix, regardless of whether the validity duration has changed or not, as reporting the validity duration shall be regarded as an acknowledgement to a measurement gap configured by the network. Otherwise the network does not know whether and when to release the UE. Regarding another FFS “if the duration is the remaining validity duration or the whole duration”, we think it should be the remaining validity duration, as this is also the way specified in the Rel-17 specification. 
[bookmark: _Toc131697245][bookmark: _Toc131761108]The UE reports the remaining GNSS validity duration every time after the GNSS measurement. 
Apart from the measurement gap, we may also need to consider other mechanism that could also provide the UE with an inactive period for conducting the GNSS position fix, such as the c-DRX mechanism. If the UE has been configured with the c-DRX, it is very likely the GNSS validity duration expires in the c-DRX OFF duration (i.e., the c-DRX sleep duration). In this case, same as the case where the UE is within a measurement gap, the UE should be allowed to stay in the connected state until it gets back to the c-DRX ON duration. 
[bookmark: _Toc131697246][bookmark: _Toc131761109]The UE may remain in the connected state when the GNSS validity duration expires in a c-DRX OFF duration (i.e., c-DRX sleep duration). 
After the UE has conducted a GNSS position fix in a c-DRX OFF duration, we should let UE/eNB start a new timer at the end of the c-DRX OFF duration (i.e., the beginning of the c-DRX ON duration), where the new timer is stopped upon UE reporting (or eNB receiving) the GNSS validity duration. Upon the expiry of the new timer, UE transitions to the idle state and eNB releases the UE, if the GNSS validity duration has also expired.
[bookmark: _Toc131697247][bookmark: _Toc131761110]When UE’s GNSS validity duration expires in a c-DRX OFF duration, the UE/eNB starts a new timer at the beginning of the next c-DRX On duration.  The UE/eNB stops the new timer upon reporting/receiving the GNSS validity duration. UE autonomously transitions to the idle state upon the expiry of the new timer.
Conclusion
In this paper, we discuss several FFS items left in the RAN2#121 meeting, and attempt to resolve them with some remedies and analysis provided in the paper. We also extend the discussion to cover also the c-DRX scheme. Based on the analysis provided in the paper, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	UE updates and restarts its GNSS validity duration upon successfully conducting a GNSS position fix.
Proposal 2	If UE is provided with a measurement gap that occurs after UE’s GNSS validity duration expires, the UE shall transitions to the idle state upon the expiry of the GNSS validity duration (i.e., same as the legacy behavior).
Proposal 3	If UE’s GNSS validity duration expires when the UE is in a measurement gap, the UE does NOT transition to the idle state upon the expiry of the GNSS validity duration.
Proposal 4	The UE/eNB starts a new timer at the end of the measurement gap configured for the GNSS position fix.  The UE/eNB stops the new timer upon reporting/receiving the GNSS validity duration. UE autonomously transitions to the idle state upon the expiry of the new timer, if the GNSS validity duration has also expired.
Proposal 5	The UE transitions to the idle state at the end of the measurement gap configured for the GNSS position fix, if the GNSS validity has expired and the UE failed to conduct the GNSS position fix in the measurement gap.
Proposal 6	The UE reports the remaining GNSS validity duration every time after the GNSS measurement.
Proposal 7	The UE may remain in the connected state when the GNSS validity duration expires in a c-DRX OFF duration (i.e., c-DRX sleep duration).
Proposal 8	When UE’s GNSS validity duration expires in a c-DRX OFF duration, the UE/eNB starts a new timer at the beginning of the next c-DRX On duration.  The UE/eNB stops the new timer upon reporting/receiving the GNSS validity duration. UE autonomously transitions to the idle state upon the expiry of the new timer.
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