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1. Introduction
[bookmark: _Hlk158628667]Meeting #125 in Athens deferred the following four open issues in conjunction with GNSS operation to the next meeting, i.e. the upcoming meeting #125-bis in Changsha (the fourth open issue is not covered intentionally):
1. [bookmark: _Hlk162961709]RAN2 to discuss whether the UE shall move directly to idle mode upon a failed GNSS acquisition, triggered by the network, independently of the GNSS position status.

2. [bookmark: _Hlk162963307]RAN2 to discuss whether if the GNSS measurement fails, the UE always moves to RRC Idle unless the measurement is triggered autonomously by the UE during C-DRX inactive time.

3. RAN2 to discuss for autonomous GNSS acquisition in C-DRX inactive time, the UE shall move to idle mode if the GNSS position is outdated and uplink transmission extension is not active.

4. RAN2 to discuss whether UE triggers GNSS remaining validity duration report after autonomous GNSS acquisition in C-DRX inactive time if the UE is communicating in a network not supporting releases later than Release 17.

[bookmark: _Hlk163205755]This contribution shades light on the stage 2 draft specification TS 36.300 V18.1.0. In particular, we’re referring to clause 23.21.2.2 Timing Advance and Frequency Pre-compensation stating the following:
23.21.2.2 Timing Advance and Frequency Pre-compensation

For the serving cell, the network broadcast ephemeris information and common Timing Advance (common TA) parameters.
The UE shall have valid GNSS position as well as the ephemeris and common TA before connecting to an NTN cell. To achieve synchronisation, before and during connection to a cell, the UE shall pre-compensate the Timing Advance (TTA, see TS 36.211 [4] clause 8.1), see Figure 23.21.2.2-1, by considering the common TA, UE position and the NTN payload position through the ephemeris.
The UE computes the frequency Doppler shift of the service link, and pre-compensates for it in the uplink transmissions, by considering UE position and the ephemeris. If the UE does not have valid ephemeris and Common TA, it shall not transmit until they are regained. If the GNSS position becomes out-dated, it shall not transmit unless configured with uplink transmissions extension that is active.
In connected mode, the UE shall continuously update the Timing Advance and frequency pre-compensation. The UE can be triggered to perform, or configured to autonomously perform, GNSS acquisition. In connected mode, upon outdated ephemeris and common Timing Advance, the UE shall acquire the broadcasted parameters. Upon failed GNSS acquisition, the UE shall move to idle mode if the GNSS position is outdated and uplink transmission extension is not active. Upon outdated GNSS position the UE shall move to idle mode, unless GNSS acquisition was triggered or uplink transmission extension is active. Upon completing the GNSS acquisition, the UE shall trigger remaining validity duration reporting (see TS 36.321 [13]).
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 acquisition and resumed when the GNSS acquisition is completed.
……
2. GNSS operation – open issues from meeting #125
2.1 Change to idle mode upon failed, network-triggered GNSS acquisition – independently from GNSS position status
1. [bookmark: _Hlk162963278]RAN2 to discuss whether the UE shall move directly to idle mode upon a failed GNSS acquisition, triggered by the network, independently of the GNSS position status.

TS 36.300 V18.1.0 resolves that issue with clause 23.21.2.2 – see clause 1 above. The current definition should be adjusted in order to stabilize the GNSS validity duration as the duration in time the last GNSS fix remains valid for.
[bookmark: _Hlk162973006][bookmark: _Hlk158821644][bookmark: _Hlk158731258]Observation 1: According to TS 36.300 V18.1.0 clause 23.21.2.2, only in case that GNSS acquisition has failed and GNSS validity duration has expired and duration X is inactive and no GNSS acquisition was triggered (by the network or the UE itself), the UE shall move to idle mode.
On the basis of the latter definition, triggering GNSS acquisition can extend the GNSS validity duration in a way. And that shall not be the case. GNSS acquisition can be triggered prior to the expiration of the GNSS validity duration.
[bookmark: _Hlk162973052]Proposal 1: It shall be up to the UE how it defines GNSS validity duration and up to the network how many attempts towards GNSS acquisition it triggers prior to the expiration of the GNSS validity duration. So the answer to the question asked is NO. Text of clause 23.21.2.2 in TS 36.300 V18.1.0 needs to be adjusted correspondingly.


2.2 Change to idle mode upon failed UE-autonomously triggered GNSS acquisition during C-DRX inactive time
2. RAN2 to discuss whether if the GNSS measurement fails, the UE always moves to RRC Idle unless the measurement is triggered autonomously by the UE during C-DRX inactive time.

Aforementioned specification text resolves this issue in a sufficient manner. So far, there is no distinction made between network-triggered GNSS acquisition and GNSS acquisition autonomously performed by the UE (on the basis of related configuration), i.e. the rules are the same for both cases. From our point of view, that makes sense. GNSS validity duration must play a role in so far as GNSS acquisition trials prior to its end shall not be harmful in case of failure and acquisition trials at the end of the GNSS validity duration shall not extend that duration.
[bookmark: _Hlk158734643][bookmark: _Hlk158649639]Observation 2: According to TS 36.300 V18.1.0, clause 23.21.2.2, only in case that GNSS acquisition has failed and GNSS validity duration is reached and duration X is inactive, the UE shall move to idle mode. The exception is the case that GNSS acquisition has been triggered (by network or UE) or duration X is active (or both of the latter conditions apply).
[bookmark: _Hlk149575805]Proposal 2: Adjust existing definition in TS 36.300 V18.1.0, clause 23.21.2.2, in a way that applying GNSS acquisition trials do not function as GNSS validity duration extensions.





2.3 Change to idle mode upon failed UE-autonomously triggered GNSS acquisition during C-DRX inactive time
3. RAN2 to discuss for autonomous GNSS acquisition in C-DRX inactive time, the UE shall move to idle mode if the GNSS position is outdated and uplink transmission extension is not active.

The same concept as outlined with clauses 2.1 and 2.2 above remains applicable, i.e. the answer to the boxed question is YES, because GNSS validity duration expired and there is no duration X active.
[bookmark: _Hlk162971015]Observation 3: If duration X is inactive and GNSS validity duration has expired, failed GNSS acquisition leads to a change to idle mode. C-DRX inactive time as a variant of connected mode doesn’t change that.
[bookmark: _Hlk162973296]Proposal 3: Amend the existing specification TS 36.300 V18.1.0, clause 23.21.2.2, in a way that the rule making up the boxed question above is integrated.



2.4 Proposed change to TS 36.300 V18.1.0
23.21.2.2 Timing Advance and Frequency Pre-compensation
For the serving cell, the network broadcasts ephemeris information and common Timing Advance (common TA) parameters.
The UE shall have valid GNSS position as well as the ephemeris and common TA before connecting to an NTN cell. To achieve synchronisation, before and during connection to a cell, the UE shall pre-compensate the Timing Advance (TTA, see TS 36.211 [4] clause 8.1), see Figure 23.21.2.2-1, by considering the common TA, UE position and the NTN payload position through the ephemeris.
The UE computes the frequency Doppler shift of the service link, and pre-compensates for it in the uplink transmissions, by considering UE position and the ephemeris. If the UE does not have valid ephemeris and Common TA, it shall not transmit until they are regained. If the GNSS position becomes out-dated, it shall not transmit unless configured with uplink transmissions extension that is active.
In connected mode, the UE shall continuously update the Timing Advance and frequency pre-compensation. The UE can be triggered to perform, or configured to autonomously perform, GNSS acquisition. In connected mode, upon outdated ephemeris and common Timing Advance, the UE shall acquire the broadcasted parameters. Upon failed GNSS acquisition, the UE shall move to idle mode if the GNSS position is outdated and uplink transmission extension is not active. Upon outdated GNSS position, the UE shall move to idle mode, unless GNSS acquisition was triggered or uplink transmission extension is active. In the case of autonomous GNSS acquisition in C-DRX inactive time, the UE shall move to idle mode if the GNSS position is outdated and uplink transmission extension is not active. Upon completing the GNSS acquisition, the UE shall trigger remaining validity duration reporting (see TS 36.321 [13]).
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 acquisition and resumed when the GNSS acquisition is completed.
……




3. Conclusion
In this document, we discussed open issues in conjunction with GNSS operation and we are proposing a corresponding change to TS 36.300 V18.1.0. The following observations and proposals were made: 
Observation 1: According to TS 36.300 V18.1.0 clause 23.21.2.2, only in case that GNSS acquisition has failed and GNSS validity duration has expired and duration X is inactive and no GNSS acquisition was triggered (by the network or the UE itself), the UE shall move to idle mode.
On the basis of the latter definition, triggering GNSS acquisition can extend the GNSS validity duration in a way. And that shall not be the case. GNSS acquisition can be triggered prior to the expiration of the GNSS validity duration.
Observation 2: According to TS 36.300 V18.1.0, clause 23.21.2.2, only in case that GNSS acquisition has failed and GNSS validity duration is reached and duration X is inactive, the UE shall move to idle mode. The exception is the case that GNSS acquisition has been triggered (by network or UE) or duration X is active (or both of the latter conditions apply).
Observation 3: If duration X is inactive and GNSS validity duration has expired, failed GNSS acquisition leads to a change to idle mode. C-DRX inactive time as a variant of connected mode doesn’t change that.

Proposal 1: It shall be up to the UE how it defines GNSS validity duration and up to the network how many attempts towards GNSS acquisition it triggers prior to the expiration of the GNSS validity duration. So the answer to the question asked is NO. Text of clause 23.21.2.2 in TS 36.300 V18.1.0 needs to be adjusted correspondingly.
Proposal 2: Adjust existing definition in TS 36.300 V18.1.0, clause 23.21.2.2, in a way that applying GNSS acquisition trials do not function as GNSS validity duration extensions.
Proposal 3: Amend the existing specification TS 36.300 V18.1.0, clause 23.21.2.2, in a way that the rule making up the boxed question above is integrated.
