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In RAN1#110bis-e and RAN1#111, a couple of agreements were reached on improved GNSS operations for IoT NTN [1][2]:
RAN1#110bis-e: 
Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.
Agreement
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.
Agreement
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 

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


RAN1#111: 
Agreement
For GNSS measurement in RRC connected, 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 


In this contribution, detail designs are further discussed based on the conclusions in the previous meetings. 

Enhanced GNSS operation for long-term connections

Aperiodic triggering of GNSS measurement in connected mode 
In RAN1#110bis-e [1], aperiodic triggering of GNSS position fix by network with the signalling of MAC CE was agreed. In RAN1#111 [2], UE re-acquiring GNSS position fix within a gap was further agreed. In this section, the detailed design of aperiodic triggering of GNSS position fix gap by network is discussed. 
The duration of measurement gap should not be less than the UE reported GNSS position fix time duration for measurement, otherwise the UE is not able to finish the GNSS measurement within the gap. It is beneficial for eNB to configure the measurement gap before the reported GNSS validity duration expires. Otherwise, UE might lose its UL synchronization for UL transmission of HARQ-ACK for the trigger, which might cause interference to other UEs. On the other side, in order to minimize the power consumption on GNSS position fix, the measurement gap for the subsequent GNSS position fix should be located as late as possible, e.g. immediately before the first transmission which might suffer from GNSS expiration, as shown in Figure 1. 
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Figure 1. Advanced GNSS position fix
It should also be noted that there are different start modes of GNSS position fix, which is determined by the interval between two consecutive GNSS measurements. When the interval between two consecutive GNSS measurements is less than a threshold, e.g. 2 hours, hot start mode is applied and it takes much less time compared with warm or cold start of GNSS measurement. Typically, a hot start needs 1s~3s while a warm or code start needs more than 30s for GNSS position fix. If eNB always triggers a measurement gap according to the cold start mode, it is waste of time for communication. So, eNB should be able to configure the duration of the subsequent measurement gap in the triggering MAC CE according to different start modes and corresponding measurement duration gaps reported by UE. The UE report of GNSS position fix time duration is discussed in section 2.2.
Proposal 1: The eNB should be able to configure the duration of the subsequent measurement gap in the triggering MAC CE catering to different start modes of GNSS measurement and the corresponding GNSS position fix time duration reported by UE.
In the current NB-IoT specification, the application timing of MAC CE is left for implementation except for the closed loop TAC. The application timing of TA adjustment carried in MAC CE for UL transmission is after n+12 DL subframe where the ending of reception of MAC CE in DL subframe n. The 12 subframes accommodate the processing delay of PDSCH and parsing of MAC PDU at the UE side. For the HARQ-ACK feedback corresponding to MAC CE, upon detection of a NPDSCH transmission ending in NB-IoT subframe n, UE should provide an ACK/NACK, start, after the end of  DL subframe for FDD, where  is larger than 12  and  is larger than TA. As a result, the feedback for MAC CE that triggers TA adjustment of the uplink transmission will be later than the application of TA adjustment. 
A similar timing 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. The measurement gap lasts for N subframes according to the duration of measurement gap carried in the triggering MAC CE.
Proposal 2: The measurement gap starts from the end of n+12 DL subframe where the MAC CE is received ending in DL subframe n. The measurement gap lasts for N subframes according to the duration of measurement gap carried in the triggering MAC CE.


Figure 2. Application timing of of MAC CE that triggers GNSS position fix when MAC CE is successfully decoded
As GNSS position fix usually takes more than 1 second, which is much longer than the scheduling delay for HARQ-ACK feedback even Koffset is applied in IoT NTN. Thus, the resources for the ACK/NACK of MAC CE that triggers GNSS position fix is within the GNSS measurement gap. If the triggering MAC-CE ending in subframe n is correctly received, the UE can skip the HARQ-ACK feedback indicated in the ACK/NACK resource field of scheduling DCI format N1 and start the GNSS position fix directly following the end of n+12 DL subframe, as shown in Figure 2. If the UE fails to decode the MAC CE that triggers GNSS position fix, it can provide a NACK in the corresponding resources provided by the NPDCCH that schedules the MAC CE and wait for the retransmission of MAC CE that triggers GNSS position fix if the validity of GNSS position fix is not expired. eNB should not schedule the retransmission of NPDSCH carrying the triggering if DTX of HARQ-ACK feedback is detected, because eNB is not able to distinguish whether the DTX of ACK is due to UE performing GNSS position fix or UE missing the DCI format N1 scheduling the MAC CE. 
Proposal 3: If the UE decode the MAC CE that triggers GNSS position fix successfully, it can skip the HARQ-ACK feedback if HARQ feedback resource is within the GNSS measurement gap. 
According to the above analysis, if UE decode the MAC CE successfully, UE starts the GNSS position fix in the measurement gap from the end of n+12 DL subframe. However, it is still possible that UE may fail to re-acquire GNSS information. For example, if the UE is passing through a tunnel or under an overpass, the quality of the received GNSS signal can be poor. To align the GNSS position fix, UE need to send feedback to the eNB after the GNSS measurement gap. When UE fails GNSS position fix and the GNSS validity duration is expired, there is no need to send feedback as the UL may be out of synchronization and the eNB can’t receive the feedback as well. 
Proposal 4: To align the GNSS position fix between UE and eNB, UEs need to send feedback to the eNB after the GNSS measurement gap if it has taken the GNSS position fix successfully. 
GNSS assistance information
The first GNSS assistance information is related to GNSS validity duration. In RAN1#110bis-e, it is agreed that UE may report GNSS validity duration with MAC CE during connected, in addition to the GNSS validity duration report in MSG 5 specified in the Rel-17. The update of validity duration is beneficial especially when there is a big change of UE velocity. The updated validity duration can be used by eNB to trigger the following GNSS measurements. However, it will be a waste of resources if UE report GNSS validity duration after each GNSS position fix while its GNSS validity duration is not changed. To save the signaling overhead, UE can implicitly indicate a GNSS position fix success to the network by the first NPUSCH scheduled by eNB after it finishes GNSS position fix in the measurement gap and the validity duration is not changed since last measurement. 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. The indication of successful GNSS position fix can align the GNSS position fix between UE and eNB, i. e. 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.
Proposal 5: After GNSS position fix, UE should indicate success of GNSS position fix. UE should not transmit UL after measurement gap if GNSS position fix fails.
Proposal 6: 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 7: The fresh GNSS validity duration is restarted from the end of the GNSS measurement gap
The second GNSS assistance information is related to the GNSS measurement duration. It was agreed in RAN1#110bis-e that UE reports GNSS position fix time duration at least during the initial access stage. However, divergence occurs in which higher layer message the GNSS position fix time duration should be reported, i.e. in MSG 5 (including RRCConnectionReestablishmentComplete-NB, RRCConnectionResumeComplete-NB and RRCConnectionSetupComplete-NB) or in UE capability report (including UECapabilityInformation-NB).  Considering UE re-acquiring GNSS position during connection may be an optional feature and depends on the UE capability report, it is not suitable for UE to report GNSS position fix time duration in MSG 5 because even Rel-18 UE may not necessarily support such feature. Meanwhile, the time by UE to perform GNSS position fix in hot, warm or cold mode are also different. Thus, we propose that UE reports the GNSS position fix time duration, including those for hot, warm and cold mode respectively, in the message of UECapabilityInformation-NB together with the support of GNSS position fix during connnection. The minimum value of measurement gap duration can be 0 indicating that new gap for GNSS position fix is not needed. For example, some IoT devices could support simultaneous cellular and GNSS operation. 
As GNSS position fix is configured by eNB, the GNSS measurement gap duration can be indicated by the MAC CE that triggers GNSS position fix according to the interval between two measurements and the reported GNSS position fix time duration by the UE. 
Proposal 8: UE reports the GNSS position fix time duration, including those for hot, warm and cold mode respectively, in the message of UECapabilityInformation-NB together with the support of GNSS position fix during connnection.
Proposal 9: The minimum value of measurement gap reported by UE can be zero, implying the capability of simultaneous cellular and GNSS operation. 
Proposal 10: The GNSS measurement gap duration can be indicated by the MAC CE that triggers GNSS position fix according to the interval between two GNSS measurements and the reported GNSS position fix time duration by the UE.

Autonomous GNSS position fix
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Figure 3 GNSS measurement during DL/UL idle period 
In the last meeting, the UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement was agreed. The timing of autonomous measurement is FFS. In this section, the potential scenarios that UE may re-acquire GNSS autonomously and the corresponding timing will be discussed. 
Scenario 1: UE may re-acquire GNSS measurement autonomously after GNSS validity duration expires and UE does not receive eNB’s triggering MAC CE for the measurement gap. A timer configured by eNB and initiated by UE when the reported validity duration expires and no GNSS measurement trigger is received.  When UE re-acquires the GNSS information before the timer expires, the timer stops and UE update validity duration to eNB. Otherwise, UE needs to enter idle mode. 
Proposal 11: UE may re-acquire GNSS autonomously when existing validity duration expires and no triggering of GNSS measurement gap is received. A timer can be configured by eNB, and be initiated at UE when validity duration expires. UE enters idle mode if UE cannot reacquire GNSS before the timer expires. 
Scenario 2: UE may autonomously re-acquire GNSS position fix during inactive state of Connected DRX. According to the current design of C-DRX timer, the maximum duration of DL/UL idle period is 32 PDCCH periods and the maximum PDCCH periods is 64 times of the duration required for the maximum repetition number. The corresponding DL/UL idle period can be as long as 1310s. During the inactive state, UE is not required to transmit and receiving, including system information and paging. Therefore, UE can perform GNSS position fix autonomously and ensure the GNSS position fix end before UE enters active state, as illustrated in Figure 3. With this scheme, the resources during UE’s active state for GNSS position fix can be saved especially when the duration of inactive state is much longer than the validity of GNSS position fix. It should be noted that the timing of GNSS position fix during inactive state is by UE’s implementation. As it is UE’s implementation to take GNSS position fix during the inactive state of Connected DRX, the eNB will not know when the UE finishes the GNSS measurement. UE need to report a new GNSS validity duration for this scenario and the validity of GNSS position fix can start from the end of the idle period to align the GNSS position fix between UE and eNB. 
Proposal 12: UE may re-acquire GNSS autonomously during the inactive state of UE’s C-DRX when DL/UL idle period is longer than the GNSS measurement duration. UE could report the successful GNSS position fix when re-enter active state, with validity duration update, if applicable based on the measurement not triggered by network.
Scenario 3: UE receives the MAC CE that triggers GNSS position fix successfully but fails to finish the GNSS measurement during the measurement gap. It will be power consuming if UE enters idle mode directly to finish GNSS position fix and then initiate random access afterwards. For UEs that fail GNSS position fix within the assigned the GNSS measurement gap, UE can autonomously re-acquire GNSS position fix from the end of the GNSS measurement gap based on a timer configured by the eNB. If the UE still fails the GNSS position fix within the timer, UE should enter idle mode and initiate PRACH after it has finished GNSS position fix successfully. For this scenario, if the UE re-acquire GNSS successfully, the UE need to feedback a new GNSS validity duration as eNB may not know UE has autonomously re-acquire GNSS upon the end of GNSS measurement gap. Like the normal GNSS position fix triggered by the eNB, the new validity duration reported by UE for this scenario can also start from the end of the GNSS measurement gap but takes the time duration for UE autonomous GNSS position fix into consideration. 
Proposal 13: If UE receives the MAC CE that triggers GNSS position fix successfully but fails to finish the GNSS measurement during the measurement gap, UE can autonomously re-acquire GNSS position fix from the end of the GNSS measurement gap based on a timer configured by the eNB.
Scenario 4: UE may re-acquire GNSS autonomously on pre-configured occasions periodically. Compared with aperiodic triggering, it is beneficial to save signalling overhead of triggering MAC-CE, when the validity of GNSS position fix is not changed or have very small variation during a long time. It also allows UE to re-acquire GNSS during a long connection of UL transmissions.  In periodic GNSS measurement, the measurement occasions can be configured by RRC signalling, including periodicity, subframe offset as well as GNSS measurement duration. It is eNB’s implementation to configure periodic or aperiodic GNSS measurement. For example, periodic GNSS measurement is configured by default, the eNB can configure aperiodic GNSS measurement based on the reported GNSS validity duration during the connection. 
Proposal 14: UE may re-acquire GNSS autonomously on pre-configured occasions periodically.

Closed loop time and frequency pre-compensation
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     (b)                                                                             (c)
Figure 4 (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

Another remaining issue that needs further study is the necessity to introduce close loop frequency offset compensation. 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. Given a certain GNSS position error, the maximum frequency error happens when the satellite is in the middle between old UE location and the location with GNSS error, as illustrate in Figure 4(a). Figure 4 (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 4(a). It can be observed that the validity time based on the frequency error requirement is much larger than that 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. 
Observation 1: Close loop frequency error correction is not needed during the connection for IoT NTN.

Conclusions
In this contribution, enhancements for long-term connections including improved GNSS operations are discussed. The following observations and proposals are presented:

Observation 1: Close loop frequency error correction is not needed during the connection for IoT NTN.

Proposal 1: The eNB should be able to configure the duration of the subsequent measurement gap in the triggering MAC CE catering to different start modes of GNSS measurement and the corresponding GNSS position fix time duration reported by UE.
Proposal 2: The application timing of MAC CE that triggers GNSS position fix is from the end of n+12 DL subframe where the MAC CE is received ending in DL subframe n.
Proposal 3: UE start to receive GNSS signal from the first UL subframe following the end of n+12 DL subframe where n is the end of the MAC CE that triggers GNSS position fix. UE stop GNSS reception from the end of the last DL subframe that starts within the GNSS window.
Proposal 4: If the UE decode the MAC CE that triggers GNSS position fix successfully, it can skip the HARQ-ACK feedback if HARQ feedback resource is within the GNSS measurement gap. 
Proposal 5: To align the GNSS position fix between UE and eNB, UEs need to send feedback to the eNB after the GNSS measurement gap if it has taken the GNSS position fix successfully. 
Proposal 6: After GNSS position fix, UE indicate success of GNSS position fix. UE is not required to report if GNSS position fails in the measurement gap.
Proposal 7: If GNSS validity duration is not changed since the last measurement, UE indicates a confirmation to the eNB after it finishes GNSS position fix successfully during the measurement gap. The GNSS validity is restarted from the end of the GNSS measurement gap.
Proposal 8: If GNSS validity duration is changed since the last measurement, UE indicates a new GNSS validity duration to the eNB after it finishes GNSS position fix successfully during the measurement gap. The new GNSS validity starts from the end of the GNSS measurement gap.
Proposal 9: UE reports the GNSS position fix time duration, including those for hot, warm and cold mode respectively, in the message of UECapabilityInformation-NB together with the support of GNSS position fix during connnection.
Proposal 10: The minimum value of measurement gap reported by UE can be zero, implying the capability of simultaneous cellular and GNSS operation. 
Proposal 11: The GNSS measurement gap duration can be indicated by the MAC CE that triggers GNSS position fix according to the interval between two GNSS measurements and the reported GNSS position fix time duration by the UE.
Proposal 12: UE may re-acquire GNSS autonomously when existing validity duration expires and no triggering of GNSS measurement gap is received. A timer can be configured by eNB, and be initiated at UE when validity duration expires. UE enters idle mode if UE can not reacquire GNSS before the timer expires.
Proposal 13: UE may re-acquire GNSS autonomously during the inactive state of UE’s C-DRX when DL/UL idle period is longer than the GNSS measurement duration. UE could report the successful GNSS position fix when re-enter active state, with validity duration update, if applicable based on the measurement not triggered by network.
Proposal 14: If UE receives the MAC CE that triggers GNSS position fix successfully but fails to finish the GNSS measurement during the measurement gap, UE can autonomously re-acquire GNSS position fix from the end of the GNSS measurement gap based on a timer configured by the eNB.
Proposal 15: UE may re-acquire GNSS autonomously on pre-configured occasions periodically. UE only need to indicate an ACK by MAC CE for the successful GNSS position fix as the validity of GNSS position fix is considered not changed.
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