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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. It is observed that the conclusions are more mature on the MAC CE triggered GNSS measurement. However, the UE autonomous re-acquisition on GNSS and closed loop correction are not in the good shape yet. 
	GNSS measurement trigger

· aperiodical trigger by MAC CE from eNB
· UE autonomously re-acquires with a gap

UE report on GNSS validity duration

· In connected mode, UE may report GNSS validation duration with MAC CE.

· 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
UE GNSS measurement gap
· Duration: 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.

· Starting point: 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
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




Major RAN2 agreements are summarized below:

	Validity duration reporting

1.
For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE

2.
GNSS validity duration UE reported after GNSS measurement is the remaining validity duration

UE behavior

3.
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

4.
RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS

FFS points:

5. UE reports GNSS validity duration after GNSS measurement. FFS whether the UE reports every time or only if the validity duration changes.

6. Can discuss UE autonomously reacquire GNSS during inactive state of C-DRX based on RAN1’s input in the next RAN2 meeting

7. UE reporting on fix time duration via RRCConnectionReestablishmentComplete, RRCConnectionReestablishmentComplete-NB, RRCConnectionReconfigurationComplete


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: GNSS measurement initiation
· Issue 4: Timer handling

· Issue 5: UE AS behaviour during GNSS position fix time duration

· Issue 6: GNSS measurement during DRX inactive duration
2 Discussion

Issue 1: Reporting of GNSS position fix time duration
In previous RAN2 meetings, 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 as well.
During last RAN2 meeting offline [2], it was common understanding that the target cell (during RRC re-establishment or HO) should have the knowledge of UE GNSS position fix duration, which could be achieved via either Xn interface exchange or reports from UE.

We slightly prefer having UE report this as it can address the issue where the source cell is a legacy eNB which does not support Rel-18 IoT NTN. 

In addition, it was also discussed whether to wait for RAN1 input on fix time duration reporting during RRC connected state. Though we have no strong opinion, we think there is no harm for RAN2 to push for a conclusion to make a progress.
Proposal 1: UE reports the GNSS position fix duration to NW in the following RRC messages:
· RRCConnectionReestablishmentComplete and RRCConnectionReestablishmentComplete-NB
· RRCConnectionReconfigurationComplete for HO case.
Proposal 2: RAN2 try to agree with a working assumption that UE does not need to update its GNSS position fix time duration during RRC connected state.
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 latest value to NW.
We understand that companies in RAN2 have security concern on using MAC CE to report GNSS validity duration. However, from our understanding, the potential security problem with MAC CE is not an IoT NTN specific issue. It is seen that in many Rel-17 features, quite some MAC CE(s) are introduced for reporting and controlling. Our preference is to have a common solution to address the security concern for all MAC CE(s) instead of spending time on the debate whether to overthrow RAN1 agreement in RAN2.

In last RAN2 meeting, RAN2 was only able to agree that for NB-IoT control plane solution, UE will report the GNSS validity duration by using a MAC CE. We here recommend having a unique solution to other cases (NB-IoT user plane solution and eMTC) as well.
Proposal 3: Extend the MAC CE solution for GNSS validity duration reporting to other cases in addition to NB-IoT control plane solution, e.g., NB-IoT user plane solution and eMTC UE.
And, regarding the trigger conditions where UE can report the GNSS validity duration MAC CE. Our understanding is 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 (or not) UE performs GNSS fix operation, UE will restart the GNSS validity duration from the beginning and report the latest value to network.
· Case 2: when UE’s mobility state has been changed
·    For same UE, GNSS validity duration may vary greatly according to different mobility states, e.g. the duration could be 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. 
For case 1, there is an FFS point that whether the UE reports every time after it finishes GNSS measurement or only when the validity duration changes from previous reporting. For the latter proposal, companies mentioned UE can transmit UL data directly without carrying the validity duration MAC CE. The absence of this MAC CE implies the same validity duration is applied. Some other arguments from offline discussion [2] include signaling optimization and UE power saving.
However, we see a technical issue here that network and UE may end up with mismatch of the starting point and ending point of validity time duration if UE does not report the validity time duration. For example, UE may complete its GNSS measurement at any time point during the GNSS position fix time duration, thus the starting point of validity duration could be any time at UE side. And, due to various reasons such as UE may not be able to get UL resource, network only gets to know the completeness of UE GNSS measurement after receiving something from UE. This mismatch about validity time duration would lead to mismatch on fix time duration thus may cause data loss, especially in UE autonomous GNSS measurement scheme. In addition, it may also lead to unnecessary validity time duration expiry at UE side.
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Fig. 1. Mismatch issue if UE does not report latest validity time duration MAC CE

There was another proposal mentioning that the validity time duration at UE side should start from the ending point of fix time duration instead of after GNSS measurement completion. We don’t think it is a promising solution as it violates the fact that the time UE takes to track its GNSS may vary from time to time due to factors like the circumstance, weather, etc. 
To sum up, letting UE report its latest remaining GNSS validity duration after each time of GNSS fix operation is the simplest way.
Observation 1: Mismatch between UE and network about the starting point of validity time duration happens if UE does not report the new validity time duration after each GNSS measurement.

Proposal 4: UE initiates the GNSS validity duration MAC CE reporting in the following two cases:

· Case 1: Every time upon completing the GNSS fix operation
· Case 2: When the reported GNSS validity duration has changed greatly (FFS on condition)
Issue 3: GNSS measurement initiation

In last RAN2 meeting, it was agreed that UE can stay in RRC connected state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap.

	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


However, it remains FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry. We think this FFS only applies to UE autonomous GNSS measurement scheme. For network trigger GNSS measurement, the time interval between the trigger MAC CE and starting of GNSS measurement should be taken care by eNB, to avoid GNSS validity duration expiry before the initiation of GNSS measurement.
Proposal 5: For eNB triggered GNSS measurement, it is up to network to decide the time point of GNSS measurement trigger MAC CE, in order to avoid GNSS validity duration expiry before the start of a new GNSS measurement.

For UE autonomous GNSS measurement, RAN1 is still discussing about it thus we prefer not having the same discussion in RAN2.

Proposal 6: Wait for RAN1 progress on when the UE starts GNSS measurement in UE autonomous GNSS measurement scheme.

Issue 4: Timer handling

Another issue we would like to discuss is about the timer handling. There are two possibilities:
1) UE succeeds GNSS measurement during fix time duration

2) UE fails GNSS measurement during fix time duration

From our understanding, if UE succeeds GNSS measurement, UE should re-start the GNSS validity duration timer immediately. Else if UE fails GNSS measurement, UE may try another GNSS measurement again inside the fix time duration. Eventually if UE still could not make it successfully, UE can declare validity duration timer expiry at fix duration boundary and switches to RRC idle state.

[image: image2.png]" Validity duration MAC CE

- GNSS meas trigger MAC CE

Case 2: GNSS meas fails, validity timer expires at fix duration boundary

Validity timer stops

\‘ fix ime duration

Validity time duration

(

Case 1: GNSS meas succeeds, UE restarts validity duration timer




Fig. 2. Timer handling

Proposal 7: UE immediately re-starts validity duration timer upon successful GNSS measurement.
Proposal 8: Validity duration timer expires at fix time duration boundary if GNSS measurement fails.
Issue 5: UE AS behaviour during GNSS position fix time duration
During last RAN2 meeting, it was agreed that RLM is suspended during GNSS position fix time duration. We think we should also discuss how to deal with other AS functions. For example, how to deal TAT timer, whether to trigger RACH, BSR, SR, etc.
Basically, our view is we should pursue a simple solution and leave the details to UE implementations. For example, whether UE considers TAT timer as expired when GNSS measurement is completed and initiates RACH immediately can be left to UE.

Proposal 9: UE suspends AS layer operations such as TAT timer handling, RACH, SR, BSR during GNSS measurement.
Issue 6: GNSS measurement during DRX inactive duration

From the LS [3], it looks like that RAN1 companies have interests in supporting the feature of GNSS measurement during DRX inactive duration. We also acknowledge the benefits of allowing UE to do GNSS measurement since anyway UE RF is not being occupied during DRX inactive duraiton. Here we analyze the scenarios case by case as below.

1) Case 1: NW indicates GNSS measurement trigger MAC CE before DRX inactive duration

If UE completes GNSS measurement inside DRX inactive duration, whether or not UE initiates RACH procedure upon GNSS measurement completion to transmit the GNSS validity time duration does not require additional spec support. We think there is no need to restrict UE from doing that as the early reporting also leads to early data (if any) communication between eNB and UE. 
2) Case 2: UE autonomously initiates and performs GNSS measurement inside DRX inactive duration

Case 2-1: Upon GNSS validity duration timer expiry

Case 2-2: Allow early start before GNSS validity duration timer expiry

In [4], it explains that if UE extends the GNSS measurement outside the original DRX inactive duration, service interruption cannot be avoided. Thus, it proposes that UE can start the GNSS measurement earlier than the actual expiration time point of validity duration timer. 

Though we think the problem is valid, our stance is when the UE triggers the GNSS measurement can be left to UE implementation. Our reasoning is network actually does not care about when the UE starts performing GNSS measurement, instead what matters more is the completion time point of GNSS measurement. Thus, we think it could be kept as simple as possible and leave it to UE implementation.
Proposal 10: Nothing special is needed to support UE performing GNSS measurement inside DRX inactive duration.  
3 Conclusion
According to the analysis in section 2, we propose that:
Reporting of GNSS position fix time duration
Proposal 1: UE reports the GNSS position fix duration to NW in the following RRC messages:

· RRCConnectionReestablishmentComplete and RRCConnectionReestablishmentComplete-NB

· RRCConnectionReconfigurationComplete for HO case.

Proposal 2: RAN2 try to agree with a working assumption that UE does not need to update its GNSS position fix time duration during RRC connected state.

Reporting of GNSS validity duration
Observation 1: Mismatch between UE and network about the starting point of validity time duration happens if UE does not report the new validity time duration after each GNSS measurement.

Proposal 4: UE initiates the GNSS validity duration MAC CE reporting in the following two cases:

· Case 1: Every time upon completing the GNSS fix operation

· Case 2: When the reported GNSS validity duration has changed greatly (FFS on condition)

GNSS measurement initiation
Proposal 5: For eNB triggered GNSS measurement, it is up to network to decide the time point of GNSS measurement trigger MAC CE, in order to avoid GNSS validity duration expiry before the start of a new GNSS measurement.

Proposal 6: Wait for RAN1 progress on when the UE starts GNSS measurement in UE autonomous GNSS measurement scheme.

Timer handling
Proposal 7: UE immediately re-starts validity duration timer upon successful GNSS measurement.

Proposal 8: Validity duration timer expires at fix time duration boundary if GNSS measurement fails.

UE AS behaviour during GNSS position fix time duration

Proposal 9: UE suspends AS layer operations such as TAT timer handling, RACH, SR, BSR during GNSS measurement.

GNSS measurement during DRX inactive duration

Proposal 10: Nothing special is needed to support UE performing GNSS measurement inside DRX inactive duration.  
4 Reference

[1] RP-223519 
WID on IoT NTN enhancements
[2] R2-2304244 [AT121bis-e][104][IoT NTN Enh] GNSS operation enhancements (Mediatek)

[3] R1-2304126  LS on GNSS position fix during inactive state of Connected DRX for improved GNSS operations
[4] R2-2302820 Procedure of GNSS reacquisition ZTE Corporation, Sanechips
