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1 Introduction
In IOT NR NTN work item [1], the objective of improved GNSS operation was updated and RAN2 is involved. The detailed objective is copied below:
	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]

· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.


RAN1 discussed this issue in the previous meetings and made the progress in the following aspects:

	· 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. 
· 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

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

· 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
· GNSS measurement Gap 

· 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.

·  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

· Special case
· 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




This contribution gives our view on RAN2 related open issues as follows:
· Issue 1: Reporting of GNSS position fix time duration

· Issue 2: Reporting of GNSS validity duration

· Issue 3: NW triggered GNSS measurement.
2 Discussion

Issue 1: Reporting of GNSS position fix time duration
In last RAN2 meeting, it was agreed for UE to report the GNSS position fix duration during initial access. In addition, we think for reestablishment and HO scenarios which are the same as RRCResume case, UE should be allowed to report the GNSS fix duration.

Proposal 1: UE reports the GNSS position fix duration together with R17 gnss-validityduration to NW in the following RRC messages:
· RRCConnectionReestablishmentComplete and RRCConnectionReestablishmentComplete-NB
· RRCConnectionReconfigurationComplete for HO case.
Issue 2: Reporting of GNSS validity duration 
UE reporting of GNSS validity duration can help network know how long the UE connection can last before current GNSS becomes outdated and new GNSS fix operation is required. Therefore, if GNSS validity duration is updated or changed greatly in UE side, UE should report the updated value to NW. As RAN1 has agreed to report the updated GNSS validity duration via MAC CE, RAN2 should introduce new MAC CE for the latest GNSS validity duration reporting. 
Proposal 2: New MAC CE is introduced for GNSS validity duration reporting.
In our understanding, there are two cases to trigger the GNSS validity duration MAC CE reporting. 
· Case 1: when performing GNSS fix operation (i.e. GNSS measurement)
·    Each time UE performs GNSS fix operation, UE will restart the GNSS validity duration from the beginning and reporting the latest value to network would be helpful. 
· Case 2: when UE’s mobility state is changed. 

·    For same UE, GNSS validity duration may vary greatly according to different mobility states, e.g. the duration could much longer in static/low mobility state than in high mobility state. Therefore, the updated duration may need to be reported if it changes greatly due to the mobility state change or other reasons. 
Proposal 3: UE initiates the GNSS validity duration MAC CE reporting in the following two cases:

· Case 1: When performing the GNSS fix operation
· Case 2: When UE mobility state is changed or when the GNSS validity duration is changed greatly (e.g. duration change > configured threshold).
During last RAN2 meeting, there were discussions regarding whether the reported validity duration would be the whole validity duration or the remaining validity duration. Our view is the key point here is network and UE should have the same understanding on the time point when current validity duration expires. So the validity duration should be counted from the time point of sending/receiving this MAC CE.

One may say there might be minor time mismatch at UE and network on the starting point of validity time duration due to MAC CE retransmission. We think the simple way is to leave it to network handling as such a minor time difference can be easily taken care of.
Proposal 4: The UE reported validity duration should be counted from the time point of sending/receiving this MAC CE. 
Another leftover issue is whether UE can stay in RRC connected state when current GNSS position becoming out-of-date if the UE has initiated a new measurement. Our view is UE switches to RRC idle state when the validity duration timer expires. If UE has initiated a new GNSS measurement, the validity duration timer should be stopped. That is to say, UE does not need to go to RRC idle state since the timer does not expire.

Proposal 5: When UE initiates a new GNSS measurement, the running validity duration timer stops.

Issue 3: NW triggered GNSS measurement  

According to RAN1 agreements, our understanding on network triggered GNSS measurement procedure is  described as follows:
· Step 1: Network trigger

Typically, network can trigger UE to perform GNSS measurement in the following two cases:
·  Case 1: UE’s GNSS is about to be outdated, and network wants to keep UE in connected state.
·  Case 2: Network cannot decode UE’s data correctly due to the inaccurate UL TA issue. 
But in 3GPP network operation is not standardized, and it could be up to gNB implementation.
Observation 1: When to trigger GNSS measurement is up to network implementation. 

· Step 2: Network sends GNSS measurement command to UE to trigger GNSS measurement. 
According to the following RAN1 agreement, new MAC CE will be introduced for this purpose.   
·   eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used. 
Proposal 6: New MAC CE as the GNSS measurement command is introduced. 
· Step 3: UE operation upon receiving GNSS measurement command

Upon receiving GNSS measurement command, UE will start GNSS measurement according to GNSS measurement gap configuration. 
For the applied measurement gap configuration, NW may have multiple options to provide it. Since it’s still under RAN1 discussion, we can leave it to RAN1 to make the decision. 
·  Option 1: Measurement gap is preconfigured by RRC

·  Option 2: Measurement gap is indicated in MAC CE
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Figure-1: GNSS measurement configuration provision

There is another case that UE’s GNSS is still valid for long time when UE receives GNSS measurement command from network. Since GNSS measurement also consumes UE power, from UE power saving perspective, UE may skip GNSS measurement in this case. 
Proposal 7: Upon receiving GNSS measurement command MAC CE, UE may skip the measurement if UE’s GNSS info is still valid for a long time.  

Because the actual duration for UE GNSS measurement may be less than the NW provided GNSS measurement gap configuration, and because GNSS fix operation may fail, when GNSS measurement is completed, UE should send the response message to NW. 
When network receives the response message, NW can assume the triggered GNSS measurement is completed successfully and can start the data scheduling to the UE. 
For the response message, since the validity duration will be always updated accordingly, we can use the new GNSS valid duration MAC CE or UL transmission as the response message.
Proposal 8: When GNSS measurement is completed, UE sends the response message (i.e. GNSS validity duration MAC CE) to NW.
Proposal 9: When NW receives the GNSS validity duration MAC CE or UL transmission, NW can assume the triggered GNSS measurement is completed. 
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Figure-2: NW triggered GNSS measurement procedure.

3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: UE reports the GNSS position fix duration together with R17 gnss-validityduration to NW in the following RRC messages:
· RRCConnectionReestablishmentComplete and RRCConnectionReestablishmentComplete-NB
· RRCConnectionReconfigurationComplete for HO case.

Proposal 2: New MAC CE is introduced for GNSS validity duration reporting.
Proposal 3: UE initiates the GNSS validity duration MAC CE reporting in the following two cases:

· Case 1: When performing the GNSS fix operation

· Case 2: When UE mobility state is changed or when the GNSS validity duration is changed greatly (e.g. duration change > configured threshold).

Proposal 4: The UE reported validity duration should be counted from the time point of sending/receiving this MAC CE. 

Proposal 5: When UE initiates a new GNSS measurement, the running validity duration timer stops.

Proposal 6: New MAC CE as the GNSS measurement command is introduced. 
Proposal 7: Upon receiving GNSS measurement command MAC CE, UE may skip the measurement if UE’s GNSS info is still valid for a long time.  

Proposal 8: When GNSS measurement is completed, UE sends the response message (i.e. GNSS validity duration MAC CE) to NW.
Proposal 9: When NW receives the GNSS validity duration MAC CE or UL transmission, NW can assume the triggered GNSS measurement is completed. 
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