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Introduction
[bookmark: _Hlk66110521]According to the Rel-17 specification (TS 36.300 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[1], a UE shall obtain its valid GNSS position before connecting to a NTN cell, and shall move to the idle state upon outdated GNSS position.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 are discussed in RAN1/RAN2, with the intention to allow UE to remain in the connected state while conducting the GNSS position fix. In the RAN2#123 meetings, the following agreements were made with regard to the GNSS operation enhancement [2].
	Agreements in RAN2#123:
· An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well and A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.
· RAN2 will wait for more input foRAN1 for the detailed format of UL MAC CE for GNSS validity duration reporting and DL MAC CE for GNSS measurement wait for more input from RAN1.
· T318 is restarted after GNSS position fix.
· Capture the following NOTE in Stage 2 (can further fix the wording): NOTE: The AS operations (e.g., RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap. FFS whether we need to state something about AS resumption. 
· UE assumes the GNSS location is valid upon successful GNSS measurement.
· Network enables the reporting of GNSS position fix duration, in SIB2 and in dedicated signalling for the HO case. 
· UE autonomously trigger GNSS measurement can be configured via RRC dedicated signaling.
· UE can autonomously start GNSS measurement during the inactive state of C-DRX.
· The exact time of starting GNSS measurement during the inactive state of C-DRX can be left for UE implementation.
· The priority of GNSS validity duration MAC CE is higher than BSR. The exact priority can be further checked during MAC running CR review.
· RRC layer needs to send indication to trigger MAC to report the remaining GNSS measurement validity duration.
· RRC layer sends such indication to MAC layer upon RRC layer receives indication that GNSS becomes valid.
· MAC layer should guarantee the reported remaining GNSS measurement validity duration is the latest value.
· If UE failed to autonomously re-acquire the GNSS position fix and the GNSS position is still valid during the inactive state of C-DRX, UE does not move to RRC_IDLE. There is no specification impact. FFS if we still allow the UE not to move to Idle in case GNSS position is outdated.
· If there is neither network aperiodically trigger nor network configuration of UE autonomously GNSS measurement, UE moves to RRC_IDLE after GNSS becomes invalid. It’s FFS how to decide GNSS valid or invalid considering duration X and Y.


In this paper, we discuss several leftover issues based on the agreements highlighted in yellow above, and attempt to resolve them with some remedies proposed in the paper. 
Discussion 
UE operation regarding the GNSS validity duration
[bookmark: _Toc142569636]In Rel-17, the UE autonomously determines the GNSS validity duration and reports it to the network during the connection setup, connection resume, handover, and connection reestablishment procedure. Although the reported GNSS validity duration is used by the network to estimate when UE’s GNSS position will become outdated, the UE may receive an outdated indication from the lower layer and goes to the idle state anytime. For instance, if UE starts to move faster, the UE may receive an outdated indication even far before the GNSS validity timer expires. 
[bookmark: _Toc142582142][bookmark: _Toc142583635][bookmark: _Toc146816732]UE may receive an outdated GNSS position indication and goes to RRC_IDLE anytime, even before the GNSS validity duration expires.
The network uses the GNSS validity duration to estimate when the GNSS position kept by the UE will become outdated, and then may release the UE connection at the estimated time. The network may send an RRC Release message to the UE upon the expiry of the GNSS validity duration, but this is not mandatory because the UE may has already been in the idle state (which is not known to the network) and cannot receive it. Therefore, it is very likely the network and the UE do not synchronize with each other regarding UE’s RRC state.  
[bookmark: _Toc142569637][bookmark: _Toc142582143][bookmark: _Toc142583636][bookmark: _Toc146816733]It is very likely the network and the UE do not synchronize with each other regarding UE’s RRC state in response to the validity of UE’s GNSS position. 
RAN1 concluded that a UE cannot perform any uplink transmission as long as a duration X has expired on top of the expiry of the GNSS validity duration, which means the UE is not able to acknowledge any DL transmission including the DL MAC CE used to indicate an aperiodic GNSS measurement gap. As RAN1 also concluded that in certain situations, the DL MAC CE will only take effect after the UE has transmitted the HARQ feedback for the DL MAC CE, the UE may never start a GNSS measurement gap after the duration ‘X + GNSS validity duration’ has expired. Therefore, even if one would like to keep the UE in the connected state after the duration ‘X + GNSS validity duration’ expires, the UE may never have the chance again to obtain a valid GNSS position and hence will never perform any uplink transmission. 
[bookmark: _Toc146816734]Keeping the UE in RRC_CONNECTED after the expiry of ‘X + GNSS validity duration’ could be problematic, as the UE may never start a GNSS measurement gap since then. 
Based on the above observations, the best handling against the expiry of ‘X + GNSS validity duration’ is to let the UE go to RRC_IDLE once the duration ‘X + GNSS validity duration’ has expired. Moreover, transitioning the UE into RRC_IDLE upon the expiry of ‘X + GNSS validity duration’ can be the last resort for synchronizing UE’s RRC state between the network and UE, if the network does not send the RRC Release message earlier. To make this happen, we need to transition the UE into idle upon the expiry of the GNSS validity timer. The simplest way is to make UE consider the GNSS position as outdated if ‘X + GNSS validity duration’ has expired, since the Rel-17 UE would autonomously go to idle if the GNSS position becomes outdated. 
[bookmark: _Toc142583607][bookmark: _Toc146816735][bookmark: _Toc146816895][bookmark: _Toc146817187]UE considers the GNSS position as outdated and goes to RRC_IDLE, upon the expiry of X on top of the expiry of the GNSS validity duration.
To keep the UE in the connected state, the network may configure the UE with an aperiodic GNSS measurement gap before the expiry of ‘X + GNSS validity duration’. However, as the UE may fail the GNSS measurement while being in the aperiodic GNSS measurement gap, RAN1 has discussed whether to keep the UE in RRC_CONNECTED in such a situation. It seems that RAN1 has listed several options and eventually concluded that the UE failing the GNSS measurement should go to RRC_IDLE at the end of the GNSS measurement gap. However, as RAN1 also pointed out during the discussion that this issue is better to be resolved in RAN2, we think it is worth discussing the issue again in RAN2 adding the perspective from different network implementations. 
As the network may configure the aperiodic GNSS measurement gap to the UE quite early due to the real traffic situation, there might be still plenty of time left after the GNSS measurement gap ends and before the duration ‘X + GNSS validity duration’ expires. We think it is better to keep the UE in RRC_CONNECTED in such a situation, even if UE is not able obtain a valid GNSS position at the end of the GNSS measurement gap. In this way, the network is able to configure multiple aperiodic GNSS measurement gaps to the UE to increase the chance of obtaining a valid GNSS GNSS position for the UE. Moreover, if the network has simultaneously configured the UE with the autonomous GNSS measurement, the UE can still rely on the autonomous GNSS measurement to obtain a valid GNSS position even if the UE has failed earlier the GNSS measurement in an aperiodic GNSS measurement gap. 
[bookmark: _Toc131697244][bookmark: _Toc131761107][bookmark: _Toc134786087][bookmark: _Toc142583608][bookmark: _Toc146816736][bookmark: _Toc146816896][bookmark: _Toc146817188]If UE fails to conduct the GNSS position fix in an aperiodic GNSS measurement gap, the UE can still remain in RRC_CONNECTED until [X + GNSS validity duration] expires.
In addition, after the UE has reported a GNSS validity duration in an aperiodic or autonomous gap, the GNSS validity duration may change due to UE mobility. Therefore, the next GNSS measurement gap configured to the UE, which is based on the GNSS validity duration reported by the UE, might become not appropriate any more, as the UE may already lose its UL synchronization with the network before entering the GNSS measurement gap. To address this issue, it should be possible for the UE to report again its GNSS validity duration (probably with a smaller value) to the network, once certain triggering condition(s) is/are met. The triggering condition(s) should be configured by the network, and can be for instance: 1) UE has received a TA command from the eNB indicating a TA adjustment larger than a threshold value; 2) UE has received more than k times the TA command from the eNB in a given period of time; 3) UE’s accumulated TA adjustment value (i.e., NTA) has exceeded a threshold value.
[bookmark: _Toc134786090][bookmark: _Toc142583610][bookmark: _Toc146816737][bookmark: _Toc146816897][bookmark: _Toc146817189]UE can be configured with the triggering condition(s) for reporting the GNSS validity duration, and transmits an updated GNSS validity duration to the network once the triggering condition(s) is/are met. 
GNSS position fix with c-DRX
Apart from the measurement gap, we may also need to consider other mechanisms that could also provide the UE with an inactive period for conducting the GNSS position fix, such as the c-DRX mechanism. In RAN2#123 meeting, it was concluded that if UE failed to autonomously re-acquire the GNSS position fix and the GNSS position is still valid during the inactive state of C-DRX, UE does not move to RRC_IDLE (i.e., no spec impact).  
However, considering the ratio between the c-DRX OFF duration and the c-DRX ON duration, it is very likely the GNSS position becomes outdated in the c-DRX OFF duration (i.e., the c-DRX inactive state). In this case, it should be possible for the UE should to stay in the connected state until it gets back to the c-DRX ON duration (i.e., the c-DRX active state). In a smart UE implementation, the UE would only perform the GNSS position fix just right before the start of the c-DRX ON duration or just right before an uplink transmission, to keep the GNSS validity duration as fresh as possible. Moreover, as RAN2 already agreed that the exact time of starting GNSS measurement during the inactive state of C-DRX is up to UE implementation, if the UE has to go to RRC_IDLE immediately once the GNSS position becomes outdated, determining the starting time of the GNSS measurement is not up to UE implementation anymore. 
[bookmark: _Toc131697246][bookmark: _Toc131761109][bookmark: _Toc134786091][bookmark: _Toc142583611][bookmark: _Toc146816738][bookmark: _Toc146816898][bookmark: _Toc146817190]UE can remain in RRC_CONNECTED when the GNSS position becomes outdated in a c-DRX inactive state (i.e., in a c-DRX OFF duration). 
If the UE has conducted a GNSS position fix in the c-DRX inactive state after the GNSS position becomes outdated, we can let UE/eNB start a new timer at the end of the c-DRX inactive state (i.e., the beginning of the c-DRX active state), 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.
[bookmark: _Toc131697247][bookmark: _Toc131761110][bookmark: _Toc134786092][bookmark: _Toc142583612][bookmark: _Toc146816739][bookmark: _Toc146816899][bookmark: _Toc146817191]When UE’s GNSS position becomes outdated in a c-DRX inactive state, UE/eNB starts a new timer at the beginning of the next c-DRX active state.  UE/eNB stops the new timer upon reporting/receiving the GNSS validity duration. eNB releases the UE connection and UE goes to the idle state when the new timer expires.
DL MAC CE for an aperiodic GNSS measurement gap
In principle, the DL MAC CE used to indicate an aperiodic GNSS measurement gap should at least indicates the start time and the duration of the gap to the UE. However, based on the RAN1 agreement it is very likely the GNSS measurement gap will start X1 time units after the UE received the DL MAC CE, or X2 time units after the UE has transmitted the HARQ feedback for the DL MAC CE, where X1 (already confirmed) and X2 (TBD) are very likely to be a constant value. Thus, the DL MAC CE probably does not need to indicate the start time of the GNSS measurement gap. As to the gap duration, RAN1 also concluded that it is equal to the latest reported GNSS position fix time duration if the duration for GNSS measurement gap is not provided by the eNB. Given that, it is likely that the DL MAC CE needs not to indicate either the start time or the duration of the GNSS measurement gap, we should allow that case where the DL MAC CE is an empty MAC CE (i.e., only the MAC subheader is present).
[bookmark: _Toc146816740][bookmark: _Toc146816900][bookmark: _Toc146817192]The DL MAC CE used to indicate an aperiodic GNSS measurement gap could be an empty MAC CE (i.e., only the MAC subheader is present). RAN2 introduces a specific LCID to refer to such an empty MAC CE.
Apart from the start time and the duration of the GNSS measurement gap, we think if the DL MAC CE  can also carry an indication telling whether the UE is allowed to trigger a RACH procedure for reporting the GNSS validity duration, network will be able to manage the uplink resources and distribute the uplink traffic loading more efficiently. Moreover, if CFRA is considered as feasible to trigger the GNSS validity duration reporting, it is also beneficial if the DL MAC CE can indicate the dedicated PRACH resource (i.e., Preamble Index + PRACH Mask Index) that the UE can use to initiate the CFRA. 
[bookmark: _Toc146816741][bookmark: _Toc146816901][bookmark: _Toc146817193]The DL MAC CE used to indicate an aperiodic GNSS measurement gap could also indicate whether the GNSS validity duration report MAC CE can trigger a RACH procedure or not. 
[bookmark: _Toc146816742][bookmark: _Toc146816902][bookmark: _Toc146817194]The DL MAC CE used to indicate an aperiodic GNSS measurement gap could also indicate a dedicated PRACH resource that the UE can use to initiate the reporting of the GNSS validity duration.
Conclusion
In this paper, we discuss the UE operation regarding the GNSS validity duration, with the following observation being made.
Observation 1	UE may receive an outdated GNSS position indication and goes to RRC_IDLE anytime, even before the GNSS validity duration expires.
Observation 2	It is very likely the network and the UE do not synchronize with each other regarding UE’s RRC state in response to the validity of UE’s GNSS position.
Observation 3	Keeping the UE in RRC_CONNECTED after the expiry of ‘X + GNSS validity duration’ could be problematic, as the UE may never start a GNSS measurement gap since then.
Based on the observations and discussion in this paper, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	UE considers the GNSS position as outdated and goes to RRC_IDLE, upon the expiry of X on top of the expiry of the GNSS validity duration.
Proposal 2	If UE fails to conduct the GNSS position fix in an aperiodic GNSS measurement gap, the UE can still remain in RRC_CONNECTED until [X + GNSS validity duration] expires.
Proposal 3	UE can be configured with the triggering condition(s) for reporting the GNSS validity duration, and transmits an updated GNSS validity duration to the network once the triggering condition(s) is/are met.
Proposal 4	UE can remain in RRC_CONNECTED when the GNSS position becomes outdated in a c-DRX inactive state (i.e., in a c-DRX OFF duration).
Proposal 5	When UE’s GNSS position becomes outdated in a c-DRX inactive state, UE/eNB starts a new timer at the beginning of the next c-DRX active state.  UE/eNB stops the new timer upon reporting/receiving the GNSS validity duration. eNB releases the UE connection and UE goes to the idle state when the new timer expires.
Proposal 6	The DL MAC CE used to indicate an aperiodic GNSS measurement gap could be an empty MAC CE (i.e., only the MAC subheader is present). RAN2 introduces a specific LCID to refer to such an empty MAC CE.
Proposal 7	The DL MAC CE used to indicate an aperiodic GNSS measurement gap could also indicate whether the GNSS validity duration report MAC CE can trigger a RACH procedure or not.
Proposal 8	The DL MAC CE used to indicate an aperiodic GNSS measurement gap could also indicate a dedicated PRACH resource that the UE can use to initiate the reporting of the GNSS validity duration.
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