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Introduction
The WID on IoT-NTN performance enhancements in Rel-18 is approved in [1]. 
	4.1.1 	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
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:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	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 [RAN1]


In this contribution, we share our views on improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption.
[bookmark: OLE_LINK40]
Schemes for GNSS measurement in connected
In RAN1#112, the following agreement on GNSS measurement in connected for potential enhancements for improved GNSS operations had been achieved [2].
	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.

Agreement
On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, RAN1 can down select one of the following alternatives:
· Alt 1: 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
· Alt 2: the start time should be based on the current GNSS validity duration with delay or without delay


In our view, the gap duration is configured by eNB and should be equal to or larger than the latest UE reported GNSS position fix time duration.
On when the GNSS measurement gap starts, the following two Alts had been discussed in last meeting. 
· Alt 1: the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot.
· Alt 2: the start time should be based on the current GNSS validity duration with delay or without delay.
[bookmark: _GoBack]For Alt 1, UE can determine the time domain position of the measured gap according to the end of MAC CE (used to trigger the UE to perform GNSS measurement) receiving position and the gap length. Figure 1 shows the schematic diagram of Alt 1. In this case, the network can trigger UE to execute GNSS measurement at any time through MAC CE according to the state of uplink synchronization. The value of X  should including the effective delay of DL MAC CE  and can be configured by network.
For Alt 2, after the UE receives the MAC CE that triggers the GNSS measurement during the current GNSS effective duration, the start position of the GNSS measurement gap is the end position of the current GNSS effective duration or the time position where the current GNSS receiving position is delayed for a fixed time in the future. In this way, the network cannot carry the current GNSS valid duration and trigger the UE to perform GNSS measurements. It is not very flexible for the network.
In our view, the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot.


Figure 1: The schematic diagram of on-demand measurement gap


[bookmark: OLE_LINK19]Proposal 1: The start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot.

GNSS measurement triggering in connected
In previous RAN1 meetings, the following agreements on GNSS measurement triggering in connected had been achieved.
	Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement.

Agreement
· Support eNB to at least aperiodically trigger UE to make GNSS measurement.


For UE triggered GNSS measurement, one way is that the network can configure periodic GNSS measurement gaps according to the assistance information reported by the UE. Then, UE can autonomously conduct the GNSS measurement with the configured periodic GNSS measurement gaps. Periodic GNSS measurement gaps configuration will bring unnecessary data transmission interruption. In this way, periodic GNSS measurement gaps will cause serious data disruption.
Another way is that UE can send a request for network to trigger GNSS measurement aperiodically. In this way, there are two possible UE behaviors.
· Case 1: After sending a GNSS measurement request, the UE receives a GNSS measurement trigger indication sent by the network. Perform a GNSS measurement based on the received GNSS measurement trigger instruction.
· Case 2: After sending the GNSS measurement request, the UE directly starts the GNSS measurement.
Considering that the network side may not be able to successfully receive the GNSS measurement request message sent by the UE, we prefer that after sending a GNSS measurement request, the UE receives a GNSS measurement trigger indication sent by the network.

Proposal 2: UE can send a request for network to trigger GNSS measurement aperiodically.

Closed Loop control of UL synchronization
In RAN1#112, the following agreement on reducing the number of GNSS fixes required during a connection had been achieved [2].
	Agreement
At least for the case when frequency error is within frequency error requirements, study the mechanisms and conditions to allow UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration.
· FFS: with legacy closed loop time correction or enhanced closed loop time correction
· This mechanism is enabled/configured by eNB
· FFS: whether such mechanism will be specified depends on the outcome of this study


If the frequency error is within frequency error requirements and the timing error is also within timing error requirements, or the timing error can be adjusted through the existing closed-loop adjustment mechanism, then UE can also perform UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration. The following two methods can be considered.
· Method 1: Configure a UL transmission timer. If the UE does not receive the MAC CE that triggers GNSS measurement during the original GNSS validity duration, the UE can continue to transmit for a period of time by default. UL transmission timer timeout, UE needs to perform GNSS measurement.
· Method 2: Before the original GNSS validity duration expires, the network instructs UE through MAC CE to continue performing UL transmission after the original GNSS validity duration expires. The duration of UL transmission is indicated by MAC CE.
Proposal 3: If the frequency error is within frequency error requirements and the timing error is also within timing error requirements, or the timing error can be adjusted through the existing closed-loop adjustment mechanism, then UE can also perform UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration.

If the original GNSS validity duration expires, but the frequency error is within frequency error requirements, but the timing error is not within timing error requirements and cannot be adjusted through the existing closed-loop adjustment mechanism, in this case, UE needs to perform GNSS measurement. Therefore, in our opinion, there is no need to enhance the existing closed-loop timing adjustment mechanism
Proposal 4: legacy closed loop time correction does not need to be enhanced.

Conclusion
In this contribution, we have following proposals:
Proposal 1: The start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot.
Proposal 2: UE can send a request for network to trigger GNSS measurement aperiodically.
Proposal 3: If the frequency error is within frequency error requirements and the timing error is also within timing error requirements, or the timing error can be adjusted through the existing closed-loop adjustment mechanism, then UE can also perform UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration.
Proposal 4: legacy closed loop time correction does not need to be enhanced.
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