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1. Introduction
For Rel-18 IoT NTN with further considerations on optimization and UE power saving, the GNSS operation will be optimized with sparse use of GNSS and power efficiency for long-term connection, and as a result RAN1 initiates discussion to allow UE to perform GNSS position fix in RRC_CONNECTED state without entering RRC_IDLE. In this contribution we discuss its impacts and potential issues from RAN2 perspective.
2. [bookmark: Proposal_Beacon]Discussion
GNSS position fix in RRC_CONNECTED
In Rel-17, UE that supports NTN feature is assumed with GNSS capability so that UE can acquire its position and thus derive its timing advance with the help of satellite ephemeris for uplink synchronization. Due to the RF hardwire and capability restriction of UE, GNSS operations and data transmission/reception cannot be performed simultaneously, and as a result when GNSS position becomes out-of-date, UE will leave RRC_CONNECTED state and enters RRC_IDLE state to perform GNSS operations.
In Rel-18 IoT NTN, for the sparse use of GNSS and power efficiency for long-term connection, RAN1 made the following agreements to support GNSS position fix in RRC_CONNECTED:
	RAN1#109 agreements:
· At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap
· Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.
RAN1#110 agreements:
· GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement
· GNSS validity duration
· When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
RAN1#110bis agreements:
· Support eNB to at least aperiodically trigger UE to make GNSS measurement.
· If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.
· UE reports GNSS position fix time duration for measurement at least during the initial access stage
· which message carries this information is up to RAN2 
· In connected mode, UE may report GNSS validation duration with MAC CE.
RAN1#111 agreements:
· For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
· 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 


To allow UE to perform GNSS operations in RRC_CONNECTED state, network needs to configure at least one GNSS operation gap during which UE and network will stop data transmission and reception so that UE can switch its RF to acquire GNSS position fix (e.g., by receiving measurement signals from GNSS satellites). The length of measurement gap in legacy is typically configured in milliseconds, i.e., 20ms, 40ms, 80ms and 160ms, which has very little impact on UE operations like RLM & RLF handling, uplink synchronization and neighbour cell measurement in RRC_CONNECTED. However, GNSS operations usually take seconds or tens of seconds, including GNSS position fix with 30s-40s for a cold start (after tens of minutes off of the GNSS module), 10s-15s for a warm start (after minutes off of the GNSS module), and 3s-5s for a hot start (the GNSS module is always on). As a result the GNSS operation gap could be a time duration with a length of seconds or tens of seconds, making it impossible to maintain or resume the RRC connection during or after such a long gap.
Observation 1: For a long GNSS position fix gap with a length of seconds or tens of seconds, a UE in RRC_CONNECTED may not be able to maintain or resume the RRC connection during or after the gap.
Issue in RLF handling
For the RLF handling, the UE starts T310 upon receiving N310 consecutive out-of-sync indications from lower layers, and triggers RLF if no PHY recovery is completed. When RLF is triggered, UE transmits RRC reestablishment request and starts T301, and enters RRC_IDLE if T301 expires without receiving response for reestablishment from network. The maximum value of T310 could be 6s for normal UE and 8s for NB-IoT UEs, the maximum value of T301 could be 10s for normal UE and 120s for NB-IoT UEs.
Following the above logic, when a GNSS position fix gap is configured, if the gap is shorter than the T310 value, UE may not receive N311 consecutive in-sync indications in time for physical layer recovery after the gap and thus RLF will be declared. Else the gap is equal to or longer than the T310 value and UE will certainly declare RLF. Once RLF is declared, UE will try to transmit RRC reestablishment request which will be restricted by the gap. If the gap is shorter than the T310 value plus the T301 value, UE may not transmit RRC reestablishment request and receive RRC reestablishment configuration in time for RRC recovery after the gap, and thus will go to RRC_IDLE. Else the gap is equal to or longer than the T310 value plus the T301 value and UE will certainly go to RRC_IDLE.
Observation 2: When a GNSS position fix gap is configured, a T310 value not long enough will lead UE to RLF, and a T301 value not long enough will lead UE to RRC_IDLE.
Issue in uplink synchronization
Beside a valid UE position obtained by GNSS position fix, UE also needs a valid ephemeris data and a cell-specific common TA provided by network to calculate the timing advance (TA) to be compensated for uplink synchronization. The received ephemeris data and common TA can only be used in a valid time duration starting at an epoch time, and UE needs to re-acquire new ephemeris data before or after the end of the valid duration.
When a GNSS position fix gap is configured, if the end of the valid duration of ephemeris data and common TA is during a long GNSS position fix gap, the UE will be unable to re-acquire new ephemeris data until the end of the GNSS position fix gap, and after the gap UE needs to calculate its TA for uplink synchronization, which further prolongs the time duration before reconnection.
Observation 3: When a GNSS position fix gap is configured, ephemeris data and common TA at UE may become invalid during the gap and UE has to re-acquire ephemeris data and common TA after the gap.
Issue in neighbour cell measurement
In Rel-17, the criteria of triggering neighbour cell measurement in RRC_CONNECTED for NB-IoT is a combination of serving cell RSRP and its variance. That is, if the measured serving cell RSRP is lower than a threshold and its variance compared to a reference RSRP is higher than a threshold, the UE performs neighbour cell measurements.
If a new GNSS position fix gap is configured, during the time duration of the gap, NB-IoT UE will not receive any signal from network including the reference signal for RSRP measurement, and as a result neighbour cell measurement could be triggered with corresponding RF switch. The similar issue could also occur for normal UEs configured with measurement objects including events regarding serving cell RSRP are configured.
Observation 4: When a GNSS position fix gap is configured, unnecessary neighbour cell measurement in RRC_CONNECTED could be triggered after the gap starts.
Based on the above analysis, it is necessary to study the potential issues supporting GNSS position fix in RRC_CONNECTED and discuss enhancements if needed.
Proposal 1: RAN2 to consider signalling enhancements, e.g., RLF handling, ephemeris update and neighbour cell measurement, to support GNSS position fix in RRC_CONNECTED with a long gap configured.
3. Conclusion
In this contribution, we discuss its impacts and potential issues of supporting GNSS position fix in RRC_CONNECTED, especially when a long gap is configured. The following observation are given:
Observation 1: For a long GNSS position fix gap with a length of seconds or tens of seconds, a UE in RRC_CONNECTED may not be able to maintain or resume the RRC connection during or after the gap.
Observation 2: When a GNSS position fix gap is configured, a T310 value not long enough will lead UE to RLF, and a T301 value not long enough will lead UE to RRC_IDLE.
Observation 3: When a GNSS position fix gap is configured, ephemeris data and common TA at UE may become invalid during the gap and UE has to re-acquire ephemeris data and common TA after the gap.
Observation 4: When a GNSS position fix gap is configured, unnecessary neighbour cell measurement in RRC_CONNECTED could be triggered after the gap starts.
And we propose:
Proposal 1: RAN2 to consider signalling enhancements, e.g., RLF handling, ephemeris update and neighbour cell measurement, to support GNSS position fix in RRC_CONNECTED with a long gap configured.
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