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Introduction
In RAN1 #112b-e, the following agreements have been made as a progress on GNSS operation enhancements [2]:

Agreement
For the GNSS measurement gap aperiodically triggered with MAC CE, the duration for the GNSS measurement gap can be configured by eNB.
· The gap duration is equal to the latest reported GNSS position fix time duration for measurement when the duration for GNSS measurement gap is not included in the configuration by eNB.

Conclusion
From RAN1 perspective, UE is not forbidden to autonomously re-acquire GNSS position fix during inactive state of Connected DRX.
· Note: The configured DL/UL transmissions during inactive state of Connected DRX should not be impacted
· Note: details are up to RAN2
Send an LS to RAN2 for the conclusion.

Agreement
On when the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
· FFS: details of X, e.g. predefined value or configured value, considering HARQ feedback for the MAC CE, etc

[bookmark: _Hlk133492826]Agreement
UE reports one GNSS position fix time duration for GNSS measurement via a N-bit field at least including [1,2] seconds as component values.
· FFS: value of N, other component value(s) of GNSS position fix time duration (e.g. N=3, with value in [3,7,13,19,25, X] seconds, and X is FFS).
FFS: whether RAN4 input is needed.

This document continues the discussion on improved GNSS operations. Specifically, signaling details for GNSS assistance information to support measurement gap configuration for GNSS acquisition, as well as a method to prohibit excessive GNSS acquisition and reporting.
GNSS acquisition and reporting in IoT NTN
Acquisition of GNSS is a time and power intensive process, which is a particular issue for devices where low power consumption is a key concern. Furthermore, a subset of these devices (e.g. NB-IoT) may not capable of simultaneously supporting GNSS acquisition and data transmission/reception, so additional consideration must be given to trade off throughput vs. updated GNSS information.
In Release 17 it was assumed that NTN IoT operation would be limited to short and sporadic traffic. Few enhancements were therefore needed/adopted to reduce GNSS acquisition time since it was unlikely that a scheduled transmission/reception would overlap with GNSS acquisition. Release 18 IoT NTN removes the assumption of short-sporadic traffic, and although throughput is increased, so is the probability of collision between the GNSS acquisition window and UL transmission/DL receptions as shown below:
 [image: Chart

Description automatically generated]
Figure 1: Rel-18 IoT NTN devices supporting longer & more frequent traffic can impact GNSS acquisition.
GNSS assistance information
To support higher traffic environments, RAN1 has agreed to introduce assistance information to facilitate measurement gap configuration for GNSS acquisition. Signalling details, how information is reported, and the detailed content of the report are currently listed as for further study, however GNSS assistance information includes at least the following:
1. GNSS position fix time duration for measurement 
2. GNSS validity duration 
In RAN1#110bis-e it was agreed that UE reports GNSS position fix time duration for measurement at least in initial access stage. The reporting framework may be like TA report during random access, where system information enables/disables reporting and indicates which message the GNSS position fix is included in (e.g. Msg3 or Msg5). However, as agreed in previous RAN1 meeting, signalling details can be confirmed/decided in RAN2.
In connected mode, a UE may report GNSS validation duration via MAC CE. However, details of whether this re-uses/re-purposes/extends an existing MAC CE or a new MAC CE is defined is unclear. Since the GNSS assistance information may eventually support additional information other than the validity duration, and the information contained within may change independently requiring a unique set of report triggering conditions, the simplest and most future proof-way way may be to define a new GNSS acquisition assistance information MAC CE and corresponding reporting framework.
Proposal 1:	Introduce a new ‘GNSS acquisition assistance information MAC CE to report GNSS validity duration in connected mode.
Currently only GNSS validity duration may be reported in connected mode, meaning that if the GNSS position fix changes at any time after initial access there is no way to update the value until a subsequent initial access attempt. However, the GNSS position fix time duration may also change dynamically based on UE characteristics like UE surroundings (e.g., an indoor UE or a UE surrounded by tall trees/buildings may take longer to acquire GNSS than a UE in open space). 
Observation 1:	Both validity duration and position fix time duration can vary dynamically based on UE characteristics (e.g. surroundings, UE speed). 
If the position fix time duration becomes outdated, then the currently configured measurement gap may become too short to acquire GNSS and the UE will lose synchronization and connection. Alternatively, if the measurement gap is too long then resources may be wasted. Either way, it is important to maintain an updated position fix time duration.
To support connected mode reporting, the UE may optionally include GNSS position fix duration within the GNSS acquisition assistance information MAC CE along with validity duration. To avoid unnecessary signaling overhead, the UE may only include the GNSS position fix time duration, for example, if it has changed since a previous report or has been explicitly requested by the network.
Proposal 2:	In connected mode, UE may also optionally report GNSS position fix time duration via the new GNSS acquisition assistance information MAC CE (e.g. if the current value has changed since the previous report during initial access).
Referring to RAN1 agreements, the following is captured regarding GNSS assistance information reporting:
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
Based on the underlined portion of the agreement, it seems that GNSS assistance information is at least reported based on network trigger (e.g., upon reception of NW request). Although, as previously described, the GNSS assistance information may vary dynamically based on the UE circumstances, and the network may not be aware of when the UE circumstances changes. It may therefore be necessary to support additional triggering conditions for GNSS assistance information reporting which are evaluated by the UE. For example, the UE may trigger GNSS assistance information if the UE detects that the GNSS validity duration changes by a configured threshold (e.g., due to a change in UE speed).
Proposal 3:	In connected mode, GNSS assistance information MAC CE is at least sent upon NW request. FFS other reporting trigger conditions.
UE autonomous GNSS acquisition
In RAN1#111, the following agreement was made regarding UE re-acquiring GNSS autonomously:
Agreement
The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement
· FFS based on configured timing
Configuring UE-autonomous GNSS re-acquisition allows UE to maintain synchronization in situations where the network hasn’t or is unable to send an aperiodic trigger. When based on configured timing, the UE and gNB are aligned on when the GNSS measurement occurs, and the timing can be configured to consider aspects like validity duration.
However, it is well known the vast majority of NB-IoT UEs commercialized are based on CP solution only and RRC reconfiguration is NOT applicable for those UEs. This means that the configured timing must be decided at the initial RRC connection setup only and not adaptable over time for most NB-IoT UEs. If the timing for autonomous GNSS acquisition is configured via RRC, it cannot be updated to accommodate a change in validity duration during connection which can jeopardize UE synchronization if validity duration becomes less than the configured timing.
Observation 2:	NB-IoT UEs with CP solution only do not support RRC reconfiguration. If UE is configured via RRC with timing to autonomously re-acquire GNSS, the timing cannot be reconfigured to accommodate changes in e.g., validity duration.
Although this is not an issue for eMTC devices, RAN1 should discuss whether autonomous GNSS acquisition based on configured timing can also be supported for NB-IoT UEs which support CP solution (i.e., whether it is acceptable that a configured timing can be configured without subsequent adjustment).
Proposal 4:	A UE may re-acquire GNSS autonomously (when configured by the network) based on configured timing for at least eMTC UEs. FFS for NB-IoT UEs.

Success/failure of GNSS measurement
In RAN1 #112, the following agreement was made how to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
Agreement:
The following alternatives can be considered to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
· Alt-1: The UE will report the new GNSS validity duration 
· Alt-2: The reception of any UL transmission from the UE at eNB after the GNSS measurement

When a UE successfully finished GNSS measurement before current GNSS validity duration expires, eNB may not understand whether an uplink signal transmitted from the UE indicates successful GNSS measurement or just transmitted as it is configured or scheduled if Alt-2 is adopted. It may be safer to have a same understanding between eNB and UE for the success of GNSS measurement with explicit signaling. Thus, Alt-1 seems to be a better alternative to inform eNB the success of GNSS measurement at UE side.
Proposal 5: 	Alt-1 is adopted to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
In the case of new GNSS validity duration is the same as the previously reported value, the UE may simply indicate that it is the same value as the last reported value instead of sensing the new GNSS validity duration which could be just ‘1’ bit indication of success of the GNSS measurement. When the new GNSS validity duration is different from the previously reported, the UE may provide the new GNSS validity duration additionally.
Proposal 6: 	‘1’ bit indication is introduced to indicate success of GNSS measurement and new GNSS validity duration is provided only when the value is different from the previously reported value.
In the case of a UE fails to acquire GNSS position fix during the configured measurement gap, it is straightforward that the UE falls into Idle mode after the current GNSS validity duration expires.
Proposal 7: 	If a UE fails to acquire GNSS position fix within the measurement gap, the UE falls into Idle mode after the current GNSS validity duration expires.
Conclusion
In this contribution the following observations and proposals were made concerning enhanced GNSS operation for IoT NTN devices:
Observation 1:	Both validity duration and position fix time duration can vary dynamically based on UE characteristics (e.g. surroundings, UE speed). 
Observation 2:	NB-IoT UEs with CP solution only do not support RRC reconfiguration. If UE is configured via RRC with timing to autonomously re-acquire GNSS, the timing cannot be reconfigured to accommodate changes in e.g., validity duration.
Proposal 1:	Introduce a new ‘GNSS acquisition assistance information MAC CE’ to report GNSS validity duration in connected mode.
Proposal 2:	In connected mode, UE may also optionally report GNSS position fix time duration via the new GNSS acquisition assistance information MAC CE (e.g. if the current value has changed since the previous report during initial access).
Proposal 3:	In connected mode, GNSS assistance information MAC CE is at least sent upon NW request. FFS other reporting trigger conditions.
Proposal 4:	A UE may re-acquire GNSS autonomously (when configured by the network) based on configured timing for at least eMTC UEs. FFS for NB-IoT UEs.
Proposal 5: 	Alt-1 is adopted to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
Proposal 6: 	‘1’ bit indication is introduced to indicate success of GNSS measurement and new GNSS validity duration is provided only when the value is different from the previously reported value.
Proposal 7: 	If a UE fails to acquire GNSS position fix within the measurement gap, the UE falls into Idle mode after the current GNSS validity duration expires.
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