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1	Introduction
The work item for IoT NTN enhancements in Rel-18 [1] includes an objective on performance enhancements that was updated in [2].
At RAN2#121 the following was agreed
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 FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement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

At RAN2#121bis-e, the following was agreed: 
Agreements:
1. There is no need for UE to provide GNSS position fix time duration in Msg3.
2. RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS

Agreements via email – from offline 104 – second round:
1. UE can stay in RRC_CONNECTED state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap.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
2. 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

Agreements online:
1. For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE
2. 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: 
1. GNSS validity duration UE reported after GNSS measurement is the remaining validity duration

At RAN2#122 RAN2 agreed:
Agreements:
1. Confirm the working assumption that GNSS validity duration UE reports is the remaining validity duration.
2. The UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation.
3. When network triggers GNSS measurement initiation is up to network implementation.
4. Add a note to state some AS operations are suspended when UE is performing GNSS measurement during GNSS measurement gap.
5. GNSS fix time duration should be reported in 1) and 2):
	1) RRCConnectionReestablishmentComplete and RRCConnectionReestablishmentComplete-NB 
	2) RRCConnectionReconfigurationComplete for HO case 
	(FFS whether there are some scenarios where this is not needed or whether there has to be some explicit NW indication to do so)
Working Assumptions:
1. 	An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well, in addition to previously agreed NB-IoT control plane solution
2.	A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.

In this paper we discuss our view on the GNSS enhancements. 

[bookmark: _Ref178064866]2	Discussion
2.1	Triggering the UE to acquire GNSS position fix
Last meeting RAN2 made a working assumption on triggering the UE to acquire a GNSS position fix using a  DL MAC CE. We propose to confirm this WA:
[bookmark: _Toc142646462]RAN2 confirms the working assumption “A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.” 
Further, the MAC Running CR proposed this implementation:
6.1.3.xx	GNSS Measurement Command MAC Control Element
The GNSS Measurement Command MAC Control Element is identified by a MAC PDU subheader with LCID as specified in table 6.2.1-1 to trigger connected UE to perform GNSS measurement.
[bookmark: _Hlk138763376]Editor’s note: FFS on the figure of GNSS Measurement Command MAC CE.
We believe this is in general fine, but the details may have to wait until RAN1 have decided them. 
For example, if the measurement command does not need to indicate some kind of measurement gap, then the new MAC CE can have a fixed size of zero bits and no figure is needed. Or, if a measurement gap needs to be indicated, then a figure and gap config is needed. 
[bookmark: _Toc142646458]The details of the GNSS measurement command MAC CE needs to wait until RAN1 has converged on a solution for measurement GAPs. 

2.2	Reporting GNSS position fix duration and validity duration
Last meeting RAN2 made a working assumption on reporting a GNSS validity duration using a UL MAC CE. 
[bookmark: _Toc142646459]The control plane solution is not limited to NB-IoT, also eMTC UEs may support the optimization, see 36.300. 
We propose to confirm revise this WA and include also eMTC CP solution.
[bookmark: _Toc142646463]An UL MAC CE is used for GNSS validity duration reporting for NB-IoT and eMTC. 
The validity duration reported by the UE is always an estimate that may depend on the quality of the UEs sensors and the UEs ability to compensate movements by utilizing such sensors. Also, the UE may after a while have a better estimation of the validity duration. 
For GNSS ValidityDuration, R17 have the RRC IE gnss-ValidityDuration, it is natural to use a similar parameter gnss-FixDuration (for the GNSS position fix time duration) that can be reported at the same places where gnss-ValidityDuration is reported in R17. 
[bookmark: _Toc131729955][bookmark: _Toc142646464]Introduce a new RRC parameter gnss-FixDuration for reporting “GNSS position fix time duration for GNSS measurement”. The report gnss-FixDuration is triggered to be reported in the same places where gnss-ValidityDuration is triggered. 
[bookmark: _Toc131729956]RAN1 made this agreement on values for GNSS position fix time duration:
Agreement
UE reports one GNSS position fix time duration for GNSS measurement via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] 
· FFS: other component values
[bookmark: _Toc142646465]The values for RRC parameter gnss-FixDuration are {1, 2, 3, 4, 5, 6, 7, 13, 19, 25, 31, spare5, spare4, spare3, spare2. spare} seconds

For the issue of informing the eNB of successful acquisition of a new GNSS position, the UE has to provide a GNSS validity duration for each position fix, thus eNB reception of an GNSS validity duration means the UE acquired a new position fix. 
[bookmark: _Toc142646466]Reception of a GNSS validity duration indicates to the eNB that the UE has acquired a new GNSS position fix. 

RAN2 agreed the UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation. Thus, GNSS validity duration and GNSS position fix time duration needs to be reported after each GNSS position fix. There is the question on how to report GNSS position fix if the UE is triggered to acquire GNSS position fix is by using a MAC CE, as the reporting of the validity duration in that case is done via an UL MAC CE. 
[bookmark: _Toc142646467]RAN2 to discuss whether to introduce a new UL MAC CE for reporting GNSS position fix time duration or use the RRC report. 

Further, there is only one reserved UL-SCH LCID left and in the Running CR, it is proposed to use it for “Remaining GNSS Validity Duration Report”. It can be questioned if NTN application shall be allowed to use this last reserved LCID – possible future important functionality will need it. If another UL-SCH LCID is needed for GNSS position fix duration – some solution is needed. 
We may for example 
1) define eLCIDs for these new reports, which will introduce a new more complex functionality for NB-IoT UEs 
2) consider reusing some of the already defined LCIDs that are not necessary to support in non-terrestrial networks (possibly the AUL MAC CE LCIDs is unnecessary in NTN) 
3) use only one LCID but add a one bit flag in the control element that indicate whether it is GNSS validity duration or GNSS position fix duration that is reported – but this mostly practical if the report is of the same size. 
[bookmark: _Toc142646468]RAN2 to discuss how to accommodate the UL-SCH MAC CE LCIDs needed for IoT NTN. 

Regarding the UE reacquiring the GNSS autonomously, for example by utilizing a C-DRX period of sleep – we see this as an unnecessary feature. If there is no data for the UE in DL, and the UE has no data in UL (which is when the UE is able to not monitor PDCCH), then there is no need to keep the UE in connected mode. It is better if the UE is triggered to acquire the GNSS position by eNB when data arrives in DL, or if UE does it autonomously when UL data arrives in the UE. 
[bookmark: _Toc131729951][bookmark: _Toc142646460]The UE autonomously reacquiring the GNSS position fix is already possible for UL data arrival in release-17 by going to IDLE. For UL data arrival, in release 18 it is sufficient if the UE acquire the GNSS position at the time of UL data arrival. 
[bookmark: _Toc131729952][bookmark: _Toc142646461]In the case of DL data arrival, when the eNB knows the UE has no valid GNSS position fix, the eNB can trigger the UE to reacquire a GNSS position fix (if the UE happens not to listen to PDCCH because UL data has arrived and UE is busy acquiring GNSS position – that is fine, the UE will then be ready with a new GNSS position fix a little earlier). 

RAN1 have decided that, in some cases, the UE may transmit in the UL, even after GNSS validity duration expires. 
Agreement
From RAN1 perspective, at least for the case when frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition.
RAN1 will decide further details of the above.

Further, RAN1 have decided on a timer-based mechanism for GNSS acquisition:
Agreement
For NB-IoT and eMTC, at least for the case where the network configuration does not include a periodicity (if supported), for autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, the start time of the autonomous GNSS measurement timer is based on the original GNSS validity duration.
· FFS: additional delay and details of delay (if any), e.g. delay can be zero or can be equal to/larger than the duration X where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
· Note1: Autonomous GNSS re-acquisition mechanism is enabled or disabled by network.
· Note2: The length of GNSS measurement timer can be configured by network and the length of GNSS measurement timer is equal to the latest reported GNSS position fix time duration for measurement when the length of GNSS measurement timer is not configured
· Note3: The autonomous GNSS re-acquisition can be periodic in certain conditions without further spec impact

RAN1 are still discussing how the functionality shall work, for example details of time after the GNSS validity timer expires where the UE shall be allowed to transmit in the UL and details of the timer-based GNSS acquisitions. We can however include the configurability now, therefore we propose:
[bookmark: _Toc142646469]There shall be an indication for enabling a timer-based GNSS reacquisition for UEs. The indication may be a flag or implicit from including parameters to control the timer-based GNSS reacquisition.
[bookmark: _Toc142646470]The GNSS measurement timer is introduced as an RRC parameter gnss-MeasutrementTimer. The default value of the timer is latest reported GNSS position fix time duration.
[bookmark: _Toc142646471]RAN2 to wait for further details before considering the timer-based GNSS acquisition and possibility of UEs to transmit in the UL after GNSS validity duration has expired. 

3	Conclusions
In the previous sections we made the following observations: 
Observation 1	The details of the GNSS measurement command MAC CE needs to wait until RAN1 has converged on a solution for measurement GAPs.
Observation 2	The control plane solution is not limited to NB-IoT, also eMTC UEs may support the optimization, see 36.300.
Observation 3	The UE autonomously reacquiring the GNSS position fix is already possible for UL data arrival in release-17 by going to IDLE. For UL data arrival, in release 18 it is sufficient if the UE acquire the GNSS position at the time of UL data arrival.
Observation 4	In the case of DL data arrival, when the eNB knows the UE has no valid GNSS position fix, the eNB can trigger the UE to reacquire a GNSS position fix (if the UE happens not to listen to PDCCH because UL data has arrived and UE is busy acquiring GNSS position – that is fine, the UE will then be ready with a new GNSS position fix a little earlier).

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 confirms the working assumption “A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.”
Proposal 2	An UL MAC CE is used for GNSS validity duration reporting for NB-IoT and eMTC.
Proposal 3	Introduce a new RRC parameter gnss-FixDuration for reporting “GNSS position fix time duration for GNSS measurement”. The report gnss-FixDuration is triggered to be reported in the same places where gnss-ValidityDuration is triggered.
Proposal 4	The values for RRC parameter gnss-FixDuration are {1, 2, 3, 4, 5, 6, 7, 13, 19, 25, 31, spare5, spare4, spare3, spare2. spare} seconds
Proposal 5	Reception of a GNSS validity duration indicates to the eNB that the UE has acquired a new GNSS position fix.
Proposal 6	RAN2 to discuss whether to introduce a new UL MAC CE for reporting GNSS position fix time duration or use the RRC report.
Proposal 7	RAN2 to discuss how to accommodate the UL-SCH MAC CE LCIDs needed for IoT NTN.
Proposal 8	There shall be an indication for enabling a timer-based GNSS reacquisition for UEs. The indication may be a flag or implicit from including parameters to control the timer-based GNSS reacquisition.
Proposal 9	The GNSS measurement timer is introduced as an RRC parameter gnss-MeasutrementTimer. The default value of the timer is latest reported GNSS position fix time duration.
Proposal 10	RAN2 to wait for further details before considering the timer-based GNSS acquisition and possibility of UEs to transmit in the UL after GNSS validity duration has expired.
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