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Introduction
In RAN#95, work item in RP-220979 has been approved and updated in RP-223519. The objectives regarding improved GNSS operation are the following 
	This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Study and specify 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. [RAN1, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.




In the previous meeting, RAN1#112bis-e, the following conclusions and agreements were made under this agenda item:

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.

Conclusion
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
Send an LS to RAN2 for the conclusion.

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

Agreement
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.

In the following, we address the above issues and all other open issues pertaining to this agenda item.

Improved GNSS operation

From UE point of view, Rel-17 IoT NTN system was designed for sporadic short transmissions in RRC Connected mode and after the short transmission UE goes back to Idle mode. From [1]:
For sporadic short transmission:
-	The idle UE wakes up from idle DRX / PSM, access the network, perform uplink and/or downlink communications for a short duration of time and go back to idle. 
-	Before accessing the network, the UE acquires GNSS position fix and does not need to re-acquire a GNSS position fix for the transmission of the packets.
How long UE can stay in Connected mode depends on validity timer of UL synchronization and on validity of GNSS position fix of the UE. The UE autonomously determines its GNSS validity duration X and reports information associated with this validity duration to the network via RRC signalling. The validity duration X may get the values:
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
From power saving point of view, it would be beneficial if UE could stay in RRC Connected mode until an active data transmission has stopped, as is the case in TN. Therefore, it would be good if UE could acquire a new GNSS position fix while in Connected mode if GNSS validity timer expires or if the eNB notice that the UE is about losing its UL synchronization. Typically, an updated GNSS fix (“hot” fix) takes considerably less time than the first GNSS fix (“cold” fix) acquired before entering the Connected mode. However, even the acquisition of “hot” fix requires tens of radio frames and generally UE cannot resort to the “legacy” gaps in N/MPDCCH monitoring settings. 
Prior to this meeting it has already been agreed that the closed loop time and frequency correction loops are considered as a method to reduce the need for acquiring a new GNSS fix in RRC-connected mode. The closed loop timing correction has already been supported since Rel-17 for IoT NTN. Likewise, the frequency error due to UE velocity could be tracked by a closed loop correction loop similar to closed loop timing correction mechanism, as discussed e.g. in [2]. In any case, a mechanism to recover from UL synchronization failure is needed as a fallback, e.g., in the case that the closed loop correction timing and frequency fails at some point in the RRC-Connected mode. 

Proposal 1: In RRC connected mode, the closed loop time and frequency correction loops could be considered as a complementary mechanism to GNSS gaps.

As agreed in the previous meeting, eNB can aperiodically trigger a connected mode UE to make a GNSS measurement and, in such a case, the UE is configured with the measurement gap. The measurement gap essentially means that the UE is not expected to be scheduled during the gap, and thus it can turn the cellular connection off and do only GNSS measurement. The time needed by the UE to get a new position fix may vary a lot from a measurement to another, depending on the constellation of satellites seen by the UE at a measurement time and whether connection to all or some of the satellites is shadowed by trees or other obstacles. This is an important fact that should be considered when configuring the measurement gap. For example, a large enough set of values should be specified for the GNSS fix time duration which UE reports to the network, i.e., define N-bit field where . 

Proposal 2: Due to large variation of the measurement time required to obtain a new position fix, a large enough set of values should be specified for the GNSS fix time duration. 

As agreed in the last RAN1 meeting, the start time of the measurement gap is n + X, where n is the last subframe where the trigger message is received by the UE. We think that X should be configurable by the network since X may depend at least on whether the UE is configured to transmit HARQ-ACK to the gap trigger message. Alternatively, the value of X could be a predetermined value plus the sum of the HARQ ACK/NACK delay and the length of the HARQ ACK/NACK transmission if HARQ feedback is enabled for MAC-CE trigger.

Proposal 3: The start time of the GNSS measurement gap should be n + X, where n is the last subframe where the gap trigger message is received by the UE and X should be configurable by the network.

In the last RAN1 meeting, we discussed about the possible ways the UE could inform the eNB that it has obtained a position fix successfully. On the other hand, we have also discussed whether UE should transmit a new GNSS validity duration value after obtaining a new position fix or should a validity timer simply be re-started with the initially reported validity duration value. We think that if a transmission of the new GNSS validity duration value will be decided then it implicitly will inform the eNB that the GNSS measurement was successful. Alternatively, the network may want to request the UE to transmit the contention free (N)PRACH via (N)PDCCH order, e.g., to fine-tune the timing advance (TA) value of the UE. 

Proposal 4: After the GNSS measurement gap, the network may request UE to transmit a new GNSS validity duration value or a contention free (N)PRACH via (N)PDCCH order. Either one of those will implicitly inform the network that the GNSS measurement was successful.

As agreed in the last RAN1 meeting, the eNB is assumed to configure the length of the measurement gap, and if not configured the length of the GNNS measurement gap is equal to the GNSS position fix time duration for measurement reported by the UE to the network. Further, we discussed in the last RAN1 meeting that if a UE is not able to obtain a new GNSS fix during the configured measurement gap, the UE should go to RRC-Idle mode. However, from the eNB point of view it would be highly desirable that there is a configured measurement fallback period after the GNSS measurement gap, i.e., a window of the configured length Y during which the eNB tries to transmit a UL grant for the UE or a DL allocation where HARQ feedback is enabled. So, any UL transmission from the UE implicitly indicates to the network that the GNSS measurement was successful and communication with the UE can continue. Whereas, if the UE is not able to respond to the transmitted UL grant due to GNSS failure, the network stops further scheduling of the UE. The length of the fallback period should be configurable by the eNB, and it may depend, e.g., on network load and other relevant factors. As shown in Fig. 1 below, the UE may expect to be scheduled from the end of the GNSS measurement gap until an expiration of the fallback timer.
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Figure 1: Configuration of GNSS measurement gap with associated timers

Observation 1: From the eNB point of view, it would be highly desirable that there is a configured measurement fallback period after the GNSS measurement gap, i.e., a window of the configured length Y during which the eNB tries to transmit a UL grant for the UE. The network can stop scheduling of the UE if the UE is not able to respond to the UL grant, due to the GNSS measurement failure.

Proposal 5: There should be a configurable measurement fallback period after the GNSS measurement gap, i.e., a window of the configured length Y during which the eNB tries to transmit a UL grant for the UE.

Conclusions 
In this contribution we discussed issues related to improved GNSS operation for IoT NTN and made the following observations and proposals:
Observation 1: From the eNB point of view, it would be highly desirable that there is a configured measurement fallback period after the GNSS measurement gap, i.e., a window of the configured length Y during which the eNB tries to transmit a UL grant for the UE. The network can stop scheduling of the UE if the UE is not able to respond to the UL grant, due to the GNSS measurement failure.
Proposal 1: In RRC connected mode, the closed loop time and frequency correction loops could be considered as a complementary mechanism to GNSS gaps.
Proposal 2: Due to large variation of the measurement time required to obtain a new position fix, a large enough set of values should be specified for the GNSS fix time duration. 
Proposal 3: The start time of the GNSS measurement gap should be n + X, where n is the last subframe where the gap trigger message is received by the UE and X should be configurable by the network.
Proposal 4: After the GNSS measurement gap, the network may request UE to transmit a new GNSS validity duration value or a contention free (N)PRACH via (N)PDCCH order. Either one of those will implicitly inform the network that the GNSS measurement was successful.
Proposal 5: There should be a configurable measurement fallback period after the GNSS measurement gap, i.e., a window of the configured length Y during which the eNB tries to transmit a UL grant for the UE.
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