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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
In this contribution, the remaining issues on improved GNSS operations for IoT NTN are discussed based on the conclusions in the previous meetings [1]. 
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#113 [1].Agreement
For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, down select one of the alternatives for the start time of the gap:
· Alt 1: should be at n+ X, where n is the end of MAC CE receiving subframe/slot and X>= 12ms for NB-IoT, X>= 3ms for eMTC 
· Note: X is one value regardless of HARQ feedback enabled or disabled for the MAC CE
· FFS: details, e.g. X is predefined value or configured value 
· Alt 2: should be at n+ X1, where n is the end of MAC CE receiving subframe/slot when HARQ feedback for the MAC CE is disabled and X1>= 12ms for NB-IoT, X1>= 3ms for eMTC, or should be at p+ X2, where p is the end of HARQ feedback transmission subframe/slot when HARQ feedback for the MAC CE is enabled 
· FFS: details, e.g. X1 and X2 are predefined value or configured value, including whether X1 and X2 can be the same
· Alt3: should be at p+ X, where p is the end of HARQ feedback transmission subframe/slot, where HARQ feedback for the MAC CE is always enabled
· FFS: details, e.g. X is predefined value or configured value


In our understanding, there is no need for UE to send ACK before it performs GNSS position fix 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, defining the start of measurement gap at p+X2 defer the start of GNSS measurement if the HARQ feedback is enabled for the PDSCH carrying the triggering MAC CE as in Alt 2. 

For Alt 3, the motivation to always enable the HARQ feedback for triggering MAC is not clear. The reliability of the triggering MAC CE can also be improved by other means, such as by repetition. In NR NTN, there is no restriction on the configuration HARQ feedback for PDSCH carrying MAC CE. 
Based on the above analysis, Alt 1 is preferred. As for the value X from the end of triggering MAC CE, it should long enough for UE to decode the PDSCH carrying the MAC CE. Similar timeline as TAC can be applied for the MAC CE that triggers GNSS position fix for NB-IoT and eMTC, i. e. X= 12ms for NB-IoT, X= 3ms for eMTC. 
Proposal 1: For GNSS measurement gap that is aperiodically triggered by eNB with MAC CE, the start time should be from the end of n+12 DL subframe for NB-IoT and n+3 DL subframe for eMTC, 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. 

Within the GNSS measurement gap duration aperiodically triggered by eNB, one agreement was made in the last meeting as follows: Agreement
The UE is not required to transmit or receive any channel / signal within the aperiodic GNSS measurement gap duration before the UE reacquires GNSS successfully. 
FFS: UE’s behavior within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.

From network perspective, the exact time of UE has reacquired GNSS successfully is not known and it is not possible for eNB to schedule DL reception or UL transmission before the end of measurement gap. Moreover, as the measurement gap is configured based on the UE’s report, there is usually not much time left after UE reacquires GNSS successfully to the end of the gap. Otherwise, UE should report a more appropriate value of GNSS measurement gap. 
[bookmark: _Hlk141389044]It is agreed in RAN1#112bis that the duration of GNSS position fix can be configured by eNB. How to configure such duration is still pending.  We prefer the GNSS measurement gap duration be configured by the MAC CE that triggers GNSS position fix. Compared with RRC signaling, using the triggering MAC CE can support the measurement gap update for CP-solution only UEs.
In RAN1#110bis, it was agreed that UE reports GNSS position fix time duration for measurement at least during the initial access stage. It is still pending after UE feature discussion in RAN1#113 whether UE can further update the GNSS position fix time duration for measurement during RRC CONNECTED. We think it is beneficial for UE to update  GNSS position fix time duration during the connected mode. For example, in the initial access a UE may report a conservative measurement gap. After that, UE may obtain some information from eNB that can accelerate the GNSS position fix, e.g. navigation satellite almanac, ephemeris, frequency range and standard time, etc. When measurement gap is not configured, the latest measurement gap duration UE reported can be applied.
Proposal 3: The UE is not required to transmit and receive any channel / signal within the aperiodic GNSS measurement gap duration after the UE reacquires GNSS successfully.
Proposal 4: The measurement gap reported by the UE and the corresponding configuration by eNB can be updated during the connected mode.
Proposal 5: Support the GNSS measurement gap is configured by MAC CE that triggers GNSS position fix. When measurement gap is not configured, the latest measurement gap duration UE reported can be applied.

Success/failure of GNSS measurement 
In RAN1#113 [2], the following FL recommendation was made for further discussionFL recommendation 5:
Companies are encouraged to comment on 
· In case UE failed to re-acquire GNSS position fix before current GNSS validity duration expires, whether UL transmission should be allowed before current GNSS validity duration expires and whether UE should go to idle directly.
· In case UE failed to re-acquire GNSS position fix after current GNSS validity duration expires, whether the UE goes to IDLE immediately after the end of autonomous GNSS measurement timer or after aperiodic GNSS measurement gap, or the UE goes to IDLE after a duration D, where D is after the end of aperiodic GNSS measurement gap or after the end of autonomous GNSS measurement timer.
· After successful GNSS measurement, UE reports the new remaining GNSS validity duration in the UL transmission to inform eNB the success of GNSS measurement in RRC connected, whether UE should indicate success before the end of a duration D, where D is after the end of aperiodic GNSS measurement gap or after the end of autonomous GNSS measurement timer.
If needed, whether D is predefined or configured and the component configured values.


Three scenarios need to be discussed: 
Scenario 1) UE fails to re-acquire GNSS position fix within the triggered gap before current GNSS validity duration expires  
In this scenario, the original GNSS information may still be valid for DL reception. However, UE shall not transmit UL because the uncertainty of GNSS may result in inaccurate TA and cause UL interference. If eNB  doesn’t receive the scheduled UL transmission from UE to refresh the validity duration, the network regard UE fails the GNSS measurement and can reschedule the GNSS measurement gap before the original validity duration expires. UE goes to idle when the original validity duration expires if UE does not reacquire GNSS information and there is no ongoing GNSS measurement triggered by eNB. 
[bookmark: _Hlk142675277]Proposal 6: If UE fails to re-acquire GNSS position fix within the gap triggered by eNB before current GNSS validity duration expires, UE can stay in the RRC CONNECTED before current GNSS validity duration expires but shall not transmit UL.
Scenario 2) UE fails to re-acquire GNSS position fix after current GNSS validity duration expires. 
After UE performs GNSS measurement aperiodically triggered by eNB or autonomously based on a GNSS measurement timer, the eNB shall schedule UL resource for UE to feedback the new GNSS validity duration, which indicates the success of GNSS measurement. However, if UE fails to re-acquire GNSS information, UE cannot use UL resource anymore as the original GNSS information is not accurate anymore for UE to maintain UL synchronization. UE should go to IDLE immediately after the GNSS measurement failure and restart the GNSS position fix as soon as possible. 
Proposal 7: After original validity duration expires, UE goes to IDLE immediately after the end of GNSS measurement in the gap triggered by eNB or end of autonomous GNSS measurement timer if UE fails GNSS position. 
Scenario 3) UE acquires GNSS position fix successfully
After UE re-acquires GNSS position fix successfully in the aperiodic measurement gap triggered by eNB or according to the autonomous GNSS measurement timer, UE should indicate the success of GNSS position fix on the UL resource scheduled by eNB. In case that GNSS validity duration is not changed from the previous report, the first NPUSCH scheduled by eNB after measurement gap or autonomous GNSS measurement timer can be used to indicate the success of measurement. The refreshed validity duration could be counted from the end of the measurement gap or autonomous GNSS measurement timer. Additionally, according to the agreement in RAN1#110bis and working assumption in RAN2#121bis, UE can also report remaining validity duration after GNSS measurement with a MAC CE. In such case, the start point of remaining validity duration should be at the end of NPUSCH carrying the validity duration report. Although the success GNSS position fix should be reported as early as possible, we do not see the necessity to introduce time threshold (duration D) for gNB to schedule UL resource for report, which can be left for implementation.
[bookmark: _GoBack]Proposal 8: The first NPUSH scheduled by eNB after the end of measurement gap or autonomous GNSS measurement timer can be used by UE to indicate the success of GNSS position fix. The previously reported validity duration is renewed from the end of measurement gap or autonomous GNSS measurement timer.
Proposal 9: When UE report new validity duration in a MAC CE after success of GNSS position fix, the start point of remaining validity duration is the end of NPUSCH carrying the MAC CE. 
Proposal 10: The feedback of GNSS measurement is based on network’s scheduling, there is no need to introduce a duration D after the end of aperiodic GNSS measurement gap or after the end of autonomous GNSS measurement timer to restrict the indication of successful GNSS measurement.
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Figure 1 UL transmission after GNSS validity duration expires 
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Figure 2 (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.  
In RAN1#113, the following agreement was made as followsAgreement
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.

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 1 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 11: When UL transmission is allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition, 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 2 (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 2(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
In RAN1#113, the following agreement was achieved 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

Based on the discussion in section 2.3, whether UL transmission is allowed additionally is controlled by network implementation based on the sending of TAC after GNSS validity duration expires. When UL transmission is allowed additionally based on TAT of TAC after GNSS validity duration expires, the expiration of TAT should be added into the criteria to initiate the timer for autonomous GNSS position fix, i. e. the value of X is determined by the expiration of TAT. Otherwise, X equals to zero.
Proposal 12: UE can initiate a timer for autonomous GNSS measurement (if enabled) 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. 
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: For GNSS measurement gap that is aperiodically triggered by eNB with MAC CE, the start time should be from the end of n+12 DL subframe for NB-IoT and n+3 DL subframe for eMTC, 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: The UE is not required to transmit and receive any channel / signal within the aperiodic GNSS measurement gap duration after the UE reacquires GNSS successfully.
Proposal 4: The measurement gap reported by the UE and the corresponding configuration by eNB can be updated during the connected mode.
Proposal 5: Support the GNSS measurement gap is configured by MAC CE that triggers GNSS position fix. When measurement gap is not configured, the latest measurement gap duration UE reported can be applied.
Proposal 6: If UE fails to re-acquire GNSS position fix within the gap triggered by eNB before current GNSS validity duration expires, UE can stay in the RRC CONNECTED before current GNSS validity duration expires but shall not transmit UL.
Proposal 7: After original validity duration expires, UE goes to IDLE immediately after the end of GNSS measurement in the gap triggered by eNB or end of autonomous GNSS measurement timer if UE fails GNSS position. 
Proposal 8: The first NPUSH scheduled by eNB after the end of measurement gap or autonomous GNSS measurement timer can be used by UE to indicate the success of GNSS position fix. The previously reported validity duration is renewed from the end of measurement gap or autonomous GNSS measurement timer.
Proposal 9: When UE report new validity duration in a MAC CE after success of GNSS position fix, the start point of remaining validity duration is the end of NPUSCH carrying the MAC CE. 
Proposal 10: The feedback of GNSS measurement is based on network’s scheduling, there is no need to introduce a duration D after the end of aperiodic GNSS measurement gap or after the end of autonomous GNSS measurement timer to restrict the indication of successful GNSS measurement.
Proposal 11: When UL transmission is allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition, X is determined by the remaining time of timeAlignmentTimer. 
Proposal 12: UE can initiate a timer for autonomous GNSS measurement (if enabled) 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. 
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