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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The release 18 work item on IoT support of non-terrestrial networks [1] includes the following objective:

[bookmark: _Hlk118123906]Study and specify, if 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. 

Regarding the possible enhancements, several agreements have been made in RAN1. However, some issues still require further study and, in this contribution, we provide our views on some of those aspects related to improved GNSS operations for IoT-NTN.

[bookmark: _Ref129681832]Discussion
Closed loop time and frequency correction 
It is considered that closed loop time and frequency correction, with potential enhancements, for IoT-NTN can reduce the need for UE to update GNSS position fix in long connection time and, therefore, reduce UE power consumption. Unlike closed loop timing correction, closed loop frequency correction is not supported by legacy specifications. Previously, RAN1 discussed whether to support closed loop frequency correction via MAC CE command signalling. Based on the analysis provided by some companies in the previous meetings, it can be observed that the frequency offset error may not exceed tolerable range for low speed IoT UEs. Therefore, it is not necessary to spend standardisation efforts on specifying enhancements for closed loop frequency correction. Moreover, it is not possible to receive signalling timely when long UL repetition is configured. Therefore, closed loop frequency correction mechanism is not needed for IoT NTN. 

Proposal 1: Closed-loop frequency correction during long UL repetition is not needed for IoT NTN.

[bookmark: _Hlk67056900]GNSS measurement triggering
On the issue of how to start a GNSS measurement in connected mode, following agreements have been made in RAN1 on GNSS measurement triggering:
Agreement (RAN1 110-bis)
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.

Conclusion (RAN1#112-bis-e)
From RAN1 perspective, UE is not forbidden to autonomously re-acquire GNSS position fix during inactive state of Connected DRX.
· Note: The configured DL/UL transmissions during inactive state of Connected DRX should not be impacted
· Note: details are up to RAN2


In our understanding, eNB trigger for GNSS measurement must arrive at the UE before the expiry of GNSS validity duration. Since UE cannot receive downlink signalling during long uplink repetitions, which may last for several seconds or tens of seconds, periodic GNSS measurement can be useful in this case. Triggering periodic GNSS measurement may also be useful to reduce signalling overhead for UEs which may require frequent GNSS position fix e.g., high speed UEs.

Proposal 2: Support periodic GNSS measurement to avoid expiry of GNSS validity duration during long UL repetition and to reduce signalling overhead where possible.

For the aperiodic GNSS measurement triggering three alternatives are being discussed depending on whether HARQ feedback is applicable for the MAC CE containing the aperiodic trigger. Following options are being considered for the start of GNSS measurement gap as agreed in RAN1#113:
· 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  
· 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 
· 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

If the HARQ feedback is enabled for the MAC CE then it may be possible that HARQ feedback transmission may conflict with GNSS measurement start and hence Alt-1 does not seem sufficiently reliable. The main difference between Alt-2 and Alt-3 is whether UE always transmits HARQ ACK for the  MAC CE for GNSS measurement. Alt-3 due to “always on” HARQ feedback provides higher coherency between UE and network in terms of UE state of GNSS measurement operation. However, it should be noted that for Alt-2, even for the cases when a state mismatch occurs between UE and gNB (for e.g.,gNB assumes that UE has received the MAC CE trigger but UE fails to receive the MAC CE), the UE can be expected to perform GNSS reacquisition eventually based on the following RAN1 agreement.

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.

Hence, Alt-2 is expected to ensure perform similarly as Alt-3 in terms of GNSS acquisition performance. On the other hand, Alt-3 has additional overhead of “always on” HARQ feedback transmission for MAC CE as compared to Alt-2. This overhead can impact battery life performance of IoT devices which is not desirable. Hence, we prefer to support Alt-2 for MAC CE based GNSS measurement trigger.

Proposal 3: For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time 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

Even when UE perform autonomous GNSS reacquisition, it is also important that gNB is made aware when UE is performing GNSS measurements. This shall allow gNB to stop Tx/Rx with the UE temporarily (similar to measurement gap) to allow UE to acquire GNSS without losing radio connectivity. Therefore, UE must send signalling to the gNB for common understanding between the UE and the network about GNSS measurement. This also implies that GNSS acquisition timing should be defined such that the UE does not lose UL synchronization before it sends the relevant signalling to the gNB.

 Proposal 4: Support signalling transmission to the gNB to inform about UE triggered GNSS measurement.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have following proposals.

Proposal 1: Closed-loop correction during long UL repetition is not needed for IoT NTN.
Proposal 2: Support periodic GNSS measurement to avoid expiry of GNSS validity duration during long UL repetition and to reduce signalling overhead where possible.
Proposal 3: For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time 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
Proposal 4: Support signalling transmission to the gNB to inform about UE triggered GNSS measurement.
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