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1. [bookmark: _Toc120549591][bookmark: _Hlk521259925]Introduction
During last RAN1 meeting, potential GNSS measurement schemes in connected states and detailed configurations were discussed, some progress were achieved on GNSS measurement for long connection times in IoT NTN [1]. 
In this contribution, we will discuss and share our views on improved GNSS operations during long connection times for IoT NTN, including detailed GNSS measurement schemes, corresponding configurations during long connection time and related assistance information reporting.
2. Discussion
2.1 GNSS measurement schemes
Considering the assumption that UE calculates timing advance and frequency adjustment based on acquired GNSS position during long transmission in NB-IoT and eMTC, since the GNSS has a limited validity duration, timing advance value calculated based on GNSS position fix may be not available or sufficiently accurate when the GNSS becomes outdated during the long transmission. Thus, one key issue is how to ensure the GNSS positioning accuracy in long transmission times.
According to the discussion during previous RAN1 meetings, the corresponding agreements about GNSS measurement triggering and GNSS measurement schemes in long connection time are listed as below.
	RAN1#110b-e Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.
RAN1#110b-e Agreement
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.
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
RAN1#112 Agreement
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.
RAN1#112b-e Agreement
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.
RAN1#112b-e 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


As simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed in IoT NTN, a common understanding between UE and eNB that data transmission will automatically skip the GNSS measurement gap should be achieved, which can depend on the eNB’s implementation. That is the UE may autonomously stop NB-IoT/eMTC operation and start the GNSS operations for a new position fix, then switch to NB-IoT/eMTC operation after GNSS measurement being finished, the timeline for this process should be aligned between UE and eNB. 
Proposal 1. If GNSS measurement gap is applied to enable a new GNSS position fix during long connection times, the common understanding between UE and eNB that UE may automatically perform GNSS operation and NTN NB-IoT/eMTC operation on non-overlapping slot/frame should be achieved.
2.1.1 GNSS measurement gap configuration
It is supported that when eNB aperiodically triggers UE to perform the GNSS measurement, the GNSS measurement gap during long connection time can be configured to ensure that UE in RRC_CONNECTED state will still be able to perform timing and frequency pre-compensation based on accurate GNSS position without impact on NB-IoT/eMTC module.
Regarding the configuration of GNSS measurement gap, the length and start time of GNSS measurement gap have been discussed during previous RAN1 meeting, the GNSS measurement gap length can be equal to or larger than the latest UE reported GNSS position fix time duration, which depends on gNB configuration. For the issue on when to start the GNSS measurement, it is agreed the start time will be configured based on the time of receiving MAC CE signaling and processing delay to achieve the common understanding between eNB and UE, and the time duration between the end of MAC CE receiving subframe and start of GNSS measurement gap needs to be further discussed.
One of the concern to determine when to start the GNSS measurement is whether the HARQ-ACK/NACK feedback for the MAC CE is necessary. From our understanding, as the common understanding of UE performing GNSS measurement during the GNSS measurement gap is aligned between UE and eNB, if UE successfully receives and decodes MAC CE, there seems no need to wait for UE feedback an ACK before starting the GNSS measurement. Therefore, the value of X can be the corresponding DL processing time in eMTC NTN and NB IoT NTN, e.g., 6 ms or 12 ms. While if UE fails to decode the triggering signalling, the UE will provide a HARQ-NACK feedback starting after the end of  DL subframe for FDD, which is the same as legacy UE behavior in IoT NTN.  
Proposal 2. 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, 
· X can be the DL processing time for NB-IoT/eMTC NTN.
2.1.2 Periodic GNSS measurement
The GNSS measurement gap aperiodically triggered by MAC CE command is suitable to allow a quick update of GNSS measurement, which can provide scheduling flexibility as the GNSS position fix being performed on demand. And it is agreed later that UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger signalling. While the latency and signalling overhead to perform new GNSS measurement need further discussions. 
From our perspective, regarding the scenarios where the GNSS validity duration and UE mobility are stable, the GNSS measurement gap can also be configured periodically by network without any triggering signalling, and the configuration can be indicated by RRC signalling to enable UE acquire new GNSS position fix during long connection times, which is also feasible to allow UE require GNSS position fix and avoid the interference of new GNSS measurement operation to active NB-IoT/eMTC operation with the benefit of less signalling overhead.
As shown in Figure 1, considering the long time transmission, the procedure of GNSS measurement can be first performed up to UE’s implementation in the preparation period before NB-IoT/eMTC active duration, and no specification change is needed. After the connection established, assist information reported by UE can be used to facilitate network determining the configuration of GNSS measurement gap. Based on the reported remaining GNSS validity duration, the network can determine the start time of the first GNSS measurement after the original GNSS expires. The period of the GNSS measurement gap can be determined based on the reported GNSS validity duration, and the length of each GNSS measurement gap is equal to the reported GNSS position fix time duration for measurement. As a result, UE can perform GNSS measurement periodically and automatically switch between GNSS and NB-IoT/eMTC operation for the service link according to the periodic configuration of network, which can save signalling overhead of triggering GNSS measurement. 
[image: ]
Figure 1. Illustration of periodic GNSS measurement gaps
Furthermore, UE may not need to perform GNSS measurement in each GNSS measurement gap configured by eNB if the current GNSS position fix can be maintained for a longer time. In this case, UE needs to report indication before the start of GNSS measurement to indicate eNB that the corresponding GNSS measurement will not be performed, which can avoid unnecessary power consumption of GNSS measurement.
Proposal 3. For GNSS measurement in RRC connected, GNSS measurement gap can also be configured periodically by network and indicated through RRC signalling. 
· UE may not perform GNSS measurement at each configured GNSS measurement gap, and the indication of not performing the GNSS measurement should be reported before the start of GNSS measurement gap.
2.1.3 Autonomous GNSS measurement
In addition to re-acquire GNSS position fix within the GNSS measurement gap aperiodically triggered by eNB, it is also 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. Furthermore, the configuration of timing duration and start time for autonomous GNSS measurement needs to be further discussed. 
Considering one motivation for IoT NTN is investigating power efficient operation in order to support extended battery lifetime, mechanism for GNSS position fix updating that can achieve a trade-off between power saving and effective synchronization performance based on GNSS position should be investigated. Therefore, we think when the current GNSS validity duration expires and UE doesn’t receive triggering signalling, UE can start the GNSS measurement autonomously, and the time duration for autonomous GNSS measurement can be directly equal to the UE reported GNSS position fix time duration.
Proposal 4. For autonomous GNSS measurement if UE does not receive eNB triggering to make GNSS measurement, UE can start to re-acquire GNSS position fix when current GNSS validity duration expires, and the time duration for autonomous GNSS measurement is equal to the UE reported GNSS position fix time duration.
2.2 GNSS assistance information
In order to support the GNSS measurement being performed efficiently, it is necessary to enable UE to report effective assistance information. The agreements about GNSS assistance information reporting achieved during the previous RAN1 meetings are shown as below.
	RAN1#109-e Agreement
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 
· Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.
RAN1#110 Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 
RAN1#110b-e 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 
RAN1#110b-e Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.
RAN1#112 Agreement
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.
RAN1#112 Agreement
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



Regarding the GNSS measurement time duration, it has been agreed that UE reports GNSS position fix time duration for measurement at least during the initial access stage, and only one GNSS position fix time duration for GNSS measurement is reported when moving to RRC connected state. From our perspective, the GNSS position fix time duration indicates the UE capability to finish a GNSS measurement, which may not change dynamically for each GNSS measurement during the connected state.
Observation 1. The GNSS measurement time duration may not change dynamically for each GNSS measurement during the connected state.
Considering the GNSS validity duration reported by UE in connected mode, the GNSS validity duration is mainly determined based on UE mobility and position accuracy requirements, whether the GNSS validity duration will frequently update or not depends on UE characteristics. Therefore, the following options on reporting GNSS validity duration can be further discussed.
· Option 1: The UE always reports the new GNSS validity duration after GNSS measurement.
· Option 2: The UE only reports the new GNSS validity duration when it changes.
From our perspective, Option 2 is a simple and straightforward way, while Option 1 can save signalling overhead compared with Option 2 considering some signaling for reporting new validity duration can be avoided, during the long connection times, if the GNSS validity duration needs to be updated due to the significant changes of UE mobility, UE can report the updated GNSS validity duration after completing the GNSS measurement. And if a new validity period is not reported, the GNSS gap duration will be configured based on the previous validity duration. 
In addition, the issue on whether UE needs to indicate the success of GNSS measurement has been discussed during the last RAN1 meeting, and it is agreed in RAN1#112 meeting that in order to inform the eNB that UE finish the GNSS measurement successfully, at least the two alternatives listed in the above agreement can be considered.
From our perspective, both alternatives are feasible to inform eNB the success of GNSS measurement. Alt-1 may depends on whether UE will report the GNSS validity duration after each GNSS measurement or not. If it is specified that the new GNSS validity duration will be reported after each GNSS measurement, the information of the new GNSS validity duration can implicitly indicate the success of GNSS measurement. However, if only the changed GNSS validity duration needs to be reported, using the GNSS validity duration reporting to inform the success of GNSS measurement may not be efficient for all GNSS measurements, and additional information (implicit or explicit) to indicate the success of GNSS measurement is needed when GNSS validity duration is not changed.
For Alt-2, considering the scenario where large UL repetitions are transmitted during the long connection, as the timing of NB-IoT/eMTC operation and GNSS operation is aligned between eNB and UE, the continued UL transmission after UE finishing the GNSS measurement based on the network configuration can inform eNB that UE already completes the GNSS measurement successfully. And if there is no new validity duration reported, eNB can consider the new validity duration is the same as the former validity duration by default. However, if there is no immediate UL transmission after GNSS measurement and the new validity duration is not reported (if only report when changes), an explicit indication is needed to inform eNB about the success of GNSS measurement. In this case, the signaling is unavoidable.
Observation 2. If UE only reports new GNSS validity duration when it changes after GNSS measurement, additional indication (implicit by UL transmission or explicit indication) is needed to indicate the success of GNSS measurement when GNSS validity is not changed. 
Based on the above analysis, we think that the benefits of UE only reports the new GNSS validity duration when it changes is not significant, and it is simple and straightforward that UE reports GNSS validity duration after each GNSS measurement, which is also an implicit indication to inform eNB about the success of GNSS measurement. 
[bookmark: _GoBack]Proposal 5. The UE can report the new GNSS validity duration after each GNSS measurement, which can also implicitly indicate that UE successfully re-acquires new GNSS position fix.
2.3 Failure of GNSS measurement
Another issue is to identify the UE behavior when UE fails to complete the GNSS measurement. According to the conclusion from RAN2 made in Rel-17, when the GNSS fix becomes outdated in RRC_CONNECTED mode, the UE goes to IDLE mode. From our perspective, the similar principle should be followed for long connection times in IoT NTN, UE needs to have the valid GNSS position fix in the connected mode, if UE fails to re-acquire GNSS position fix within the configured GNSS measurement gap (periodic or aperiodic) until the GNSS validity duration expires, and can not complete the autonomous GNSS acquisition (if configured by network) during the configured time duration, the UE should enter IDLE mode.  
Proposal 6. If UE can not re-acquire the new GNSS position fix successfully until the GNSS validity duration expires and can not autonomously re-acquire the GNSS when configured by the network, the UE goes to IDLE mode. 
3. Conclusions
In this contribution, we mainly share our views on improved GNSS operations for a new position fix for UE pre-compensation during long connection times. The observation and proposals are summarized as follows:
Observation 1. The GNSS measurement time duration may not change dynamically for each GNSS measurement during the connected state.
Observation 2. If UE only reports new GNSS validity duration when it changes after GNSS measurement, additional indication (implicit by UL transmission or explicit indication) is needed to indicate the success of GNSS measurement when GNSS validity is not changed.
Proposal 1. If GNSS measurement gap is applied to enable a new GNSS position fix during long connection times, the common understanding between UE and eNB that UE may automatically perform GNSS operation and NTN NB-IoT/eMTC operation on non-overlapping slot/frame should be achieved.
Proposal 2. 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, 
· X can be the DL processing time for NB-IoT/eMTC NTN.
Proposal 3. For GNSS measurement in RRC connected, GNSS measurement gap can also be configured periodically by network and indicated through RRC signalling. 
· UE may not perform GNSS measurement at each configured GNSS measurement gap, and the indication of not performing the GNSS measurement should be reported before the start of GNSS measurement gap.
Proposal 4. For autonomous GNSS measurement if UE does not receive eNB triggering to make GNSS measurement, UE can start to re-acquire GNSS position fix when current GNSS validity duration expires, and the time duration for autonomous GNSS measurement is equal to the UE reported GNSS position fix time duration.
Proposal 5. The UE can report the new GNSS validity duration after each GNSS measurement, which can also implicitly indicate that UE successfully re-acquires new GNSS position fix.
Proposal 6. If UE can not re-acquire the new GNSS position fix successfully until the GNSS validity duration expires and can not autonomously re-acquire the GNSS when configured by the network, the UE goes to IDLE mode. 
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