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Introduction
Non-terrestrial networks are characterized by large moving cells and reduced effectiveness of measurement-based procedures due to reduced signal-strength variation between cell center and cell edge. Rel-17 has partly addressed these issues by incorporating UE location into various procedures such as time pre-compensation, CHO, and measurement reporting. Since other RAT-dependent positioning methods are not currently supported, maintaining updated and accurate GNSS information is essential in NTN. It is assumed that all Rel-17/18 NTN capable devices are GNSS capable.
An objective for Rel-18 IoT NTN is to continue performance enhancements to address remaining issues from Rel-17. One of these remaining issues is improved GNSS operation [1]:
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]
· 



RAN1 has made the following relevant agreements in RAN1#110 regarding enhanced GNSS operation for IoT NTN devices:
	Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 
Agreement
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
· Note: further discuss whether a UE is expected to handle all eNB triggers



RAN1 made the following agreements in RAN1#110bis:
	Agreement
· Support eNB to at least aperiodically trigger UE to make GNSS measurement.
Agreement
· If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.
Agreement
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 
Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.




RAN1 made the following agreements in RAN1#111:
	Agreement
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 




RAN1 made the following agreements in RAN1#112:
	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

Agreement
On the length of GNSS measurement gap, which is aperiodically triggered by eNB, the gap duration should be equal to or larger than the latest UE reported GNSS position fix time duration.
FFS: whether the gap duration is configured by eNB, or the gap duration is equal to the latest reported GNSS position fix time duration.

Agreement
On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, RAN1 can down select one of the following alternatives:
· Alt 1: 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
· Alt 2: the start time should be based on the current GNSS validity duration with delay or without delay

Agreement
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.

Agreement
At least for the case when frequency error is within frequency error requirements, study the mechanisms and conditions to allow UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration.
· FFS: with legacy closed loop time correction or enhanced closed loop time correction
· This mechanism is enabled/configured by eNB
· FFS: whether such mechanism will be specified depends on the outcome of this study




RAN2 made the following agreements in RAN2#121:
	Agreements:
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



RAN2 made the following agreements in RAN2#121bis-e
	Agreements:
· There is no need for UE to provide GNSS position fix time duration in Msg3.
· RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS
· UE can stay in RRC_CONNECTED state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap. FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry
· For a UEs that cannot acquire system information and GNSS position at the same time, acquisition of SIB31 may be postponed until GNSS measurement is completed if the UE cannot complete acquisition of SIB31 before the start of GNSS measurement gap
· For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE
· RAN2 can discuss UE autonomously reacquire GNSS during inactive state of C-DRX based on RAN1’s input in the next RAN2 meeting
Working Assumption: 
· GNSS validity duration UE reported after GNSS measurement is the remaining validity duration




RAN1 made the following agreements in RAN1#112bis-e
	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.

Decision: As per email decision posted on April 23rd,
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
Agreement
Draft LS in R1-2304125 is endorsed. Final LS is approved in R1-2304126.

Decision: As per email decision posted on April 27th,
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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 particularly an 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:
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Figure 1: Rel-18 IoT NTN devices supporting longer & more frequent traffic can impact GNSS acquisition.

GNSS assistance information report during initial access

RAN2 already agreed that the GNSS position fix time can be reported in RRCConnectionSetupComplete/RRCConnectionSetupComplete-NB,  and RRCConnectionResumeComplete/RRCConnectionResumeComplete-NB. It is FFS for for RRCreestablishmentComplete and RRCConnectionReconfigurationComplete and Msg3.
In some cases, for example if UE has gone out of service and re-establishes the RRC connection in a different location, then the conditions could have changed affecting the fix time. Furthermore, in R17 the GNSS validity duration is reported in RRCreestablishmentComplete and RRCConnectionReconfigurationComplete therefore we propose to follow a consistent approach and include in those messages. 
Proposal 1: GNSS position fix time is also included in RRCreestablishmentComplete/ RRCreestablishmentComplete-NB and RRCConnectionReconfigurationComplete/ RRCConnectionReconfigurationComplete-NB


UE based trigger for GNSS assistance information reporting
It was agreed in the previous meeting that 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.
Furthermore, RAN1 are considering the following alternatives 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

Regardless of whether the trigger is a DL MAC CE or it is an RRC message), the simplest and most robust way would be to use the new GNSS validity duration to inform the NW of GNSS measurement success.
Proposal 2:  Success of network triggered GNSS in RRC connected is indicated implicitly when UE reports GNSS assistance information MAC CE containing validity duration after the measurement. 

RAN1 have agreed [2] that the UE can autonomously re-acquire GNSS position fix during inactive state of Connected DRX. If the UE manages to acquire a new GNSS position fix, then it follows that the new validity time needs to be reported to the NW (e.g. if the UE acquires a new fix shortly before the current validity timer expires then this needs to be reported, so the NW does not need to trigger another explicitly). This can be indicated in the same way as NW triggered GNSS measurement, i.e. with the GNSS validity time report. 
Proposal 3:  UE reports GNSS assistance information MAC CE containing validity duration after a UE autonomous measurement during C-DRX. 

Since the validity of GNSS information may vary dynamically based on the UE circumstances, and the network may not be aware of when the UE circumstances changes, it may be necessary to support additional triggering conditions for GNSS assistance information reporting which are evaluated by the UE. 
For example, should the UE detect that the GNSS information validity will expire sooner than previously reported (e.g., due to a change in UE speed), then the network can provision for a gap and trigger GNSS acquisition accordingly. 
In fact, the NW can determine based on the reported validity time whether the report is due to an autonomous UE measurement (E.g. the reported validity time is relatively long, or similar to the last reported value) or due to a reduced validity determined by the UE (e.g. the new reported time is shorter than the expected remaining validity duration based on the previous reported value). In any case, the UE should be able to report a new validity time if the remaining time changes compared to what is expected from the last reported value whether this is due to UE autonomous measurement or another reason.
Proposal 4:	The GNSS assistance information MAC CE containing validity duration may also be reported when the UE detects that the remaining GNSS validity duration changes compared to what is expected based on the previously reported value, even if no new GNSS measurement has been triggered.

It is a working assumption that the UE reports the remaining validity duration, as opposed to the whole duration. In R17 the remaining duration is reported.
	2>	if the UE is connected to NTN:
3>	include gnss-validityDuration in accordance with the remaining time of the GNSS validity duration;




This makes sense also for Rel-18. The remaining duration would anyway essentially be the same as the whole time when the MAC CE is triggered after completion of a measurement, since the minimum granularity is 10s and it is very unlikely that it would take more than 10s to report. The remaining time is useful however  when triggered due to change of validity duration, either before expiry (And after initial report) or if the UE autonomously acquires. 
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Reduction of excessive GNSS acquisition and reporting
Acquisition of GNSS may take considerable time and UE power consumption depending on aspects like UE capability and required accuracy. This may be especially important in IoT NTN scenarios, where devices may need to suspend transmission/reception to acquire GNSS (resulting in lower throughput), and where reduction of UE power consumption is an important consideration. 
Additionally, one drawback of a UE trigger is that this may occur frequently resulting in excessive GNSS acquisition and reporting. 
To avoid this, a network configured prohibit timer could be used, which could be (re)started upon acquisition of GNSS or transmission of GNSS report. The duration of the prohibit timer could be configurable, or related to GNSS validity duration (e.g. shorter than the GNSS validity duration such that a change can be reported in time, but long enough to avoid excessive GNSS acquisition and reporting). While running the UE may not acquire or report GNSS information.
Proposal 6:	Introduce a prohibit timer to prevent excessive acquisition and reporting of GNSS information.
Conclusion
In this contribution the following proposals were made concerning enhanced GNSS operation for IoT NTN devices:
Proposal 1: GNSS position fix time is also included in RRCreestablishmentComplete/ RRCreestablishmentComplete-NB and RRCConnectionReconfigurationComplete/ RRCConnectionReconfigurationComplete-NB
Proposal 2:  Success of network triggered GNSS measurement in RRC connected is indicated implicitly when UE reports GNSS assistance information MAC CE containing validity duration after the measurement. 
Proposal 3:  Success of UE autonomous triggered GNSS measurement in RRC connected is indicated implicitly when UE reports GNSS assistance information MAC CE containing validity duration after the measurement. 
Proposal 4:	The GNSS assistance information MAC CE containing validity duration may also be reported when the UE detects that the remaining GNSS validity duration changes compared to what is expected based on the previously reported value, even if no new GNSS measurement has been triggered.
Proposal 5:	Confirm the working assumption that the remaining validity time is reported for GNSS validity duration.
Proposal 6:	Introduce a prohibit timer to prevent excessive acquisition and reporting of GNSS information.
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