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In the last e-meeting, a couple of agreements were reached on improved GNSS operations for IoT NTN [1]. In this contribution, detail designs are further discussed based on the conclusions in the previous meetings. 
Discussion
Triggering of aperiodic GNSS measurement in connected mode 
On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, following agreement was captured in Chair’s Note in RAN1#112bis-e [1].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


There are two designs for the details X:
Alt 1: The X subframes are counted from ACK corresponding to the MAC CE is transmitted, similar as that in NR NTN.  
Alt 2: The X subframes are counted from the end of MAC CE receiving subframe/slot if it is correctly received, similar as TA adjustment for NB-IoT. 
In our understanding, there is no need for UE to send ACK before it performs GNSS position fix (i. e. Alt 1) due to the following reasons:
1) When the MAC CE is received, UE can be scheduled a NPUSCH format 2 starting from  DL subframe where  is given by ACK/NACK resource field in scheduling DCI. In order to accommodate the processing delay of NPDSCH,  can be indicated as long as 21 subframes for 3.75kHz SCS. Considering the large pathloss, a NPUSCH format 2 can be configured with as many as 128 repetition and with a resource unit of 4 uplink slots. Compared with that in NR NTN, the ACK feedback takes much longer time. 
2) If UE decode MAC CE and apply GNSS position fix successfully, UE will indicate the success of GNSS measurement after the GNSS measurement gap to align the behaviour between UE and gNB. The feedback of ACK before GNSS measurement gap is redundant.
Based on the above analysis, the benefits of Atl1 is not clear and Alt 2 is preferred. Similar timeline as TAC in NB-IoT can be applied for the MAC CE that triggers GNSS position fix. UE determines the start of GNSS position fix gap from the end of n+12 DL subframe where n is the end of the MAC CE that triggers GNSS position fix. 
Proposal 1: When the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, the start time should be from the end of n+12 DL subframe, where n is the end of MAC CE receiving subframe/slot.
If the MAC CE to trigger GNSS position fix is not correctly decoded, UE regards the MAC CE as a regular NPDSCH reception failure and a NACK carried in NPUSCH format 2 should be transmitted on the UL resource given by the ACK/NACK resource field in the scheduling DCI.  Thus, eNB can trigger another measurement gap according to the remaining GNSS validity duration, if necessary.   
Proposal 2: If UE does not decode the triggering MAC CE correctly, a NACK should be sent by UE on the NPUSCH format 2 resource indicated by scheduling DCI. 
In RAN1#112bis, the component values of GNSS position fix time duration reported by UE was also discussed, and one agreement was made as followsAgreement
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.

The GNSS position fix time duration is based on the way that UE obtain GNSS information. When UEs obtain GNSS information from navigation satellites, the duration is mainly based on the GNSS start mode. In most cases, hot start will be applied, which generally takes 1 second or for the worst case several seconds depend on its capability. For UEs with very long GNSS validity duration, e. g. more than 2 hours, warm start which takes more than 10s or even 20s is needed. When UEs obtain GNSS information with assistance information from eNB, the GNSS position fix time duration ranges from 1 to several seconds depend on the way UE obtain the assistance information. Based on the above analysis, the required GNSS position fix time duration is from 1 to several seconds for most cases. To avoid resource wasting in most cases, finer granularity of measurement duration report is preferred, especially when the duration is less than 10s. Therefore, at least [4, 5, 6] can be added.
Proposal 3: Add the component values [3,4,5,6,7,13,19,25] for GNSS position fix time duration reported by UE.

Success/failure of GNSS measurement 
In RAN1#112 [2], two alternatives are agreed for the indication of the success of GNSS measurement at UE side after GNSS measurement in RRC connectedAgreement:
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

In RAN2#121bis-e, one working assumption was made [3]:
When the GNSS validity duration is not changed, the remaining validity duration can be the same although the exact time that UE finish the GNSS measurement within the gap may vary, which can be implicitly indicated to the network by the first NPUSCH scheduled by eNB after it finishes GNSS position fix. If the validity duration is changed since the last measurement, UE can report a new GNSS validity duration in the MAC-CE of first NPUSCH scheduled by eNB after the measurement gap. So, we think both of the two alternative methods to inform eNB the success of GNSS measurement at UE side, identified in RAN1#112, can be supported depending on the scenarios. The start of fresh GNSS validity duration can be considered as the end of the GNSS measurement gap if UE indicate a success of GNSS position fix.Working Assumption:
GNSS validity duration UE reported after GNSS measurement is the remaining validity duration

Proposal 4: The first NPUSCH scheduled by eNB after measurement gap can be used by UE to indicate the success of GNSS position fix. UE can update the validity duration in the MAC CE of the NPUSCH If GNSS validity duration is changed since the last measurement.
Proposal 5: The fresh GNSS validity duration is restarted from the end of the GNSS measurement gap.
It is still possible that UE fails to re-acquire GNSS information within the measurement gap. For example, if the UE is passing through a tunnel or under an overpass, the quality of the received GNSS signal can be poor. When UE fails GNSS position fix in the measurement gap, UE should not transmit UL in the UL resource schedule by eNB, which is originally intended for UE to indicate the success of GNSS measurement. Considering UE can still perform autonomous GNSS position fix as discussed in section 2.4, it is not necessary for UE to enter IDLE mode after GNSS position fix fail in the measurement gap. Such mechanism can also help eNB identify the failure of GNSS position fix due to UE’s miss detection of NPDCCH scheduling the triggering MAC CE. 
Proposal 6: UE should stop UL transmission after measurement gap if GNSS position fix fails in the gap unless GNSS is re-acquired by other supported mechanism, e.g. autonomous GNSS measurement. 
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Figure 3 (a) Scenario when evaluated Doppler shift by using old UE location is opposite to the real Doppler shift; (b) Timing error with different UE speeds (c) Frequency error with different UE speeds
[bookmark: _Hlk86996389]According to TS36.211, the TA is defined as .   is time adjustment indicated by eNB through RAR or TAC. In TN scenario,  is usually used to correct timing error due to oscillator drifting, UE movement or channel condition variation assuming the fixed eNB location. In IoT NTN scenario, the quantity  is computed by the UE based on UE position and serving satellite-ephemeris-related higher-layers parameters if configured. Considering UE is not capable of performing GNSS measurement and IoT data communication at same time,  might be inaccurate due to UE movement, especially after reported validity duration expires. 
During the connection, the eNB can estimate the UL timing error within a range by detecting the RS in UL transmission. In NTN scenario, the estimated UL timing error may also include error of  from error of GNSS information as eNB cannot distinguish the source of timing error. If the closed loop TAC (indicating ) to the UE is sent frequently enough to ensure the timing advance error due to oscillator drifting and GNSS inaccuracy are within the correction range (e.g. ) after the previous TAC, UL transmission is still possible even if the reported GNSS validity expires. It helps to prolong the interval between consecutive GNSS position fix and consequently reduce power consumption at UE side.  
[bookmark: _GoBack]In RAN1#112bis-e, the following FL proposal was discussed and supported by majority companies but fail to be agreed due to the divergence on how the duration X is determined (shown as highlighted FFS). Third round proposal 1-1i:
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.
Note: This mechanism is enabled/configured by eNB.
FFS: value range for X.
FFS: details on how the duration X is determined, e.g.by directly extending the original GNSS validity duration, or other value/timer.
FFS: whether RAN2 needs to be involved

Two alternatives were discussed as follows：
Alt 1: the duration X is based on remaining timeAlignmentTimer 
Alt 2: the duration X is based on directly extending the original GNSS validity duration
We prefer Alt 1. According to TS36.331, TimeAlignmentTimer (TAT) is used to control how long the UE considers the serving cells belonging to the associated TAG to be uplink time aligned. It can be configured with value range from 500 subframes to infinite. UE starts/restarts TAT after it receives TAC. After TAT expires, UE flushes all HARQ buffers for all serving cells, releases UL channels and signals and clear the configured DL assignments and UL grants.  As analysed above, GNSS variation and other factors contribute to the TA error cannot be distinguished from eNB’s perspective. Thus, it is straightforward to reuse TAT to determine how long UL transmission can be extended after original validity duration expires. A shorter TimeAlignmentTimer might be configured by eNB in NTN than that in TN, if the feature of UL transmission after expiration of GNSS validity duration is going to be enabled. 
[bookmark: _Hlk133678427]Figure 2 illustrates an example. A UE receives a TAC before the end of the reported GNSS validity duration and the corresponding TAC is still valid according to timeAlignmentTimer (TAT) after the original reported GNSS validity duration expires. In such case, accuracy of UL synchronization is still sufficient for UL transmission at least before TAT expires. Moreover, if UE receive another TAC within the validity of the previous TAC, the valid time for UL transmission can be further extended to the end of the subsequent TAC validity. 
With Alt 2, the original GNSS validity duration reported by UE is directly extended.  It may confuse UE that the original GNSS information is still valid, which is not logically valid and may impact the performance of other higher layer procedure using the GNSS information, such as location-based mobility.  
Proposal 7: UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition. The duration X is determined by the remaining time of timeAlignmentTimer. 
As Doppler shift is determined by the relative speed mapping on the actual propagation direction, the frequency error caused by the position error varies with the change of elevation. Figure 3 (b) and (c) illustrate the timing and frequency error as well as the corresponding requirement (i.e. 80Ts and 200Hz(0.1ppm@2GHz)) with different UE speeds for the scenario in Figure 3(a). It can be observed that the synchronization in frequency domain according to the frequency error requirement can be kept much longer than that in time domain based on the timing error requirement. And in most cases, the frequency error will not exceed the frequency error requirement. Therefore, close loop frequency error correction is not essential. 
When the reported GNSS validity is expired for a long time, the position of UE may change a lot as well. In such case, the TA adjustment mainly depends on closed loop of TAC.  More frequent TAC indication is required compared when the reported GNSS validity duration is still valid. As a result, extra power consumption on TAC reception and SRS transmission especially for high speed UE is expected. Therefore, it is not energy efficient for a UE to main UL synchronization through close loop TAC long time after the reported validity duration expires. Thus, further enhancement on close loop TA adjustment is not necessary. 
Observation 1: Further enhancement on the Close loop time and frequency error correction is not needed during the connection for IoT NTN.
Autonomous GNSS position fix
[bookmark: _Hlk133678466]In RAN1#111, it is agreed that the UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement. The timing of autonomous measurement e.g. whether the start time is based on GNSS validity duration and/or other fixed value configured by network are FFS. 
In RAN1#112bis, there was following FL proposal. Initial Proposal 3-2:
The start time of the autonomous GNSS measurement timer should be based on the current GNSS validity duration with delay or without delay.

[bookmark: _Hlk131607464]UE may re-acquire GNSS measurement autonomously upon GNSS validity duration expires and UE is not performing GNSS measurement triggered by eNB before validity duration expires. A timer can be configured by the eNB and initiated by UE upon GNSS validity duration expires and there is no ongoing GNSS measurement triggered by eNB. When UE re-acquires the GNSS information before the timer expires, the timer stops and UE update validity duration to eNB. If the the timer expires, UE should enter into idle mode and initiate PRACH after it has finished GNSS position fix successfully. If UL transmission is allowed additionally based on TAT of TAC after GNSS validity duration expires, as discussed in section 2.3, the expiration of TAT should also be added into the criteria to initiate the timer for autonomous GNSS position fix.
Proposal 8: UE can initiate a timer for autonomous GNSS measurement when GNSS validity duration and TAT (if supported) expires, and UE is not performing GNSS measurement triggered by eNB. UE enters idle mode after autonomous GNSS measurement timer expires. 

On how the length of autonomous GNSS measurement timer is determined, there were two alternatives discussed in RAN1#112bis in the following FL proposal.
	FL recommendation 3-1:
Companies are encouraged to evaluate the following procedure and further down select one of the alternatives: 
For autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, down select one of alternatives for the length of GNSS measurement timer:
· Alt-1: the length of GNSS measurement timer for autonomous GNSS re-acquisition is configured by network 
· Note: 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.
· Alt-2: the length of GNSS measurement timer is equal to the latest UE reported GNSS position fix time duration.
FFS: start time of the autonomous GNSS measurement timer, e.g. whether the start time is based on GNSS validity duration and/or other fixed value configured by network
Note: The autonomous GNSS re-acquisition with GNSS measurement timer is configured by network.



As the UE reported GNSS position fix is based on UE capability but impacted by channel condition and the distance between two GNSS position fix, we should not restrict that the length of GNSS measurement gap or timer is always equal to the latest UE reported GNSS position fix time duration. The network can configure the measurement timer by taking others factors into consideration. Therefore, Alt-1 is more reasonable and flexible compared to Alt-2.  Similar alternative has been agreed on the determination of duration of aperiodic measurement gap triggered by eNB.  During the discussion, some companies propose to bundle the length of autonomous GNSS measurement timer with the duration of NW triggered measurement gap. We do not think it is necessary as these schemes are independently configured according to UE capability.  
[bookmark: _Hlk133685850]Proposal 9: For autonomous GNSS measurement, the length of GNSS measurement timer for autonomous GNSS re-acquisition is configured by network. If not configured, it equals to the latest reported GNSS position fix time duration for measurement.  
Conclusions
In this contribution, enhancements for long-term connections including improved GNSS operations are discussed. The following observations and proposals are presented:
Observation 1: Further enhancement on the Close loop time and frequency error correction is not needed during the connection for IoT NTN.

Proposal 1: When the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, the start time should be from the end of n+12 DL subframe, where n is the end of MAC CE receiving subframe/slot.
Proposal 2: If UE does not decode the triggering MAC CE correctly, a NACK should be sent by UE on the NPUSCH format 2 resource indicated by scheduling DCI. 
Proposal 3: Add the component values [3,4,5,6,7,13,19,25] for GNSS position fix time duration reported by UE.
Proposal 4: The first NPUSCH scheduled by eNB after measurement gap can be used by UE to indicate the success of GNSS position fix. UE can update the validity duration in the MAC CE of the NPUSCH If GNSS validity duration is changed since the last measurement.
Proposal 5: The fresh GNSS validity duration is restarted from the end of the GNSS measurement gap.
Proposal 6: UE should stop UL transmission after measurement gap if GNSS position fix fails in the gap unless GNSS is re-acquired by other supported mechanism, e.g. autonomous GNSS measurement. 
Proposal 7: UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition. The duration X is determined by the remaining time of timeAlignmentTimer. 
Proposal 8: UE can initiate a timer for autonomous GNSS measurement when GNSS validity duration and TAT (if supported) expires, and UE is not performing GNSS measurement triggered by eNB. UE enters idle mode after autonomous GNSS measurement timer expires. 
Proposal 9: For autonomous GNSS measurement, the length of GNSS measurement timer for autonomous GNSS re-acquisition is configured by network. If not configured, it equals to the latest reported GNSS position fix time duration for measurement.  
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