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1	Introduction
One objective of the ongoing Release 18 WI on IoT NTN [1] is to improve the GNSS operation during long connections: 
“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. [RAN1]”
In this contribution, we provide our views on improved GNSS operation for IoT NTN.
2	Improved GNSS operation for IoT NTN
In the following subsections, we share our views on different GNSS-related aspects discussed in RAN1#110.
2.1	Closed loop time and frequency correction
In RAN1#109-e, the following agreement was made on closed loop time and frequency correction.
Agreement
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time 

In NTN, a UE can adjust its timing autonomously as long as it has a valid GNSS position. It is already possible to support closed loop timing correction in NTN as in terrestrial eMTC/NB-IoT. A key question is if the existing Timing advance (TA) maintenance procedure is sufficient to maintain a moving UE’s timing in IoT NTN. To address this, recall that the additional timing uncertainty in NTN stems from a) satellite’s motion and b) UE’s motion. It is expected that an IoT NTN UE will apply segmented uplink pre-compensation to account for the timing drift due to satellite’s motion. Therefore, for the sake of argument, let us assume a worst-case TA error due to satellite motion of 0.39  (i.e., 12*Ts where Ts=32.55 ns) for an eMTC UE. We note that this value is an upper bound on the maximum possible TA error due to satellite motion at the end of an uplink transmission segment assuming that the UE is stationary and the satellite contributes to a worst-case TA drift of 100 s/s. We note that for NR NTN, RAN4 has relaxed the initial transmit timing error requirement from 12*Ts to 29*Ts to account for errors in the satellite/UE positions. If we assume a similar relaxation for eMTC NTN (which has a minimum transmit timing error requirement of 12*Ts in terrestrial networks), the net timing error due to satellite/UE motion needs to be within 17*Ts for eMTC NTN. Assuming a worst-case TA error of 12*Ts due to satellite motion at the end of a transmission segment, there remains 5*Ts (0.16 s) to account for the TA error due to UE mobility. In Table 1, we provide the time duration until which the UE can meet the uplink transmit timing error budget for various UE speeds. The TA error rate due to UE mobility is estimated for LEO at 600 km and 30 degrees elevation angle based on the data provided in Table 1 in [2]. 

[bookmark: _Ref115304915]Table 1 Impact of UE mobility on timing error requirements for eMTC NTN.
	UE speed
	TA error rate due to UE mobility only
	TA error due to satellite’s motion only
	Time to reach the timing error limit of 17*Ts

	3 km/h
	0.00467 s/s
	0.39 s
	34.3 s

	60 km/h
	0.0967 s/s
	0.39 s
	1.65 s

	120 km/h
	0.193 s/s
	0.39 s
	0.83 s



Without closed loop timing correction, Table 1 shows that for 3 km/h, the UE may need to correct its timing to account for TA error due to UE mobility either via a TA command (TAC) or by refreshing its GNSS after 34 s. At 120 km/h, such an intervention will be needed every 0.83 s. Note that in this analysis, we have assumed that the UE already corrects its timing every segment to account for the TA error due to satellite motion. To conclude, the existing closed loop timing control mechanism is sufficient to address the uncertainty in UE’s position.
[bookmark: _Toc115423679]The existing TAC mechanism is sufficient to address the timing error due to incorrect UE position in IoT NTN. 
However, minor enhancements to closed loop mechanism may be needed to enable an energy efficient operation that avoids GNSS position fix. For instance, the network should have the possibility to indicate to the UE if it can continue to transmit on the uplink even if the GNSS validity timer expires. This is essential because the role of closed-loop timing control is to reduce the need of GNSS reacquisition – so even if the GNSS timer has expired, the network may continue to send TACs to help the UE maintain its synchronization.  
[bookmark: _Toc115423685]Network can potentially indicate to an IoT NTN UE in connected mode if it can continue its uplink transmission after GNSS validity timer expiry. 
Moreover, if the network solely relies on TACs to correct UE’s timing before or after GNSS position expiry, the signalling overhead could be very high due to the large timing drift. A potential solution is to allow the UE to compute its TA values (until a new TAC is received) based on the service link and common TA drift parameters, where the parameters related to the service link drift can either be tracked by the UE or indicated by the network. This semi-autonomous approach may help reduce the signalling overhead as fewer TACs will be needed; and the UE need not perform a GNSS position fix to correct its timing.
For IoT NTN, it is possible for a network to broadcast drift parameters for common TA. If the network additionally indicates the UE-specific timing drift parameters for the service link to a UE in connected mode, it may enable the UE to update its TA values accordingly (until a new TAC is received) to compensate for its inaccurate GNSS position.  
[bookmark: _Toc115423686]Network can optionally indicate service link timing drift parameters to an IoT NTN UE in connected mode. 
[bookmark: _Toc115423687]Upon GNSS timer expiry in connected mode, an IoT NTN UE may use service link drift information (in addition to common TA parameters) to calculate TA values before receiving the next TA command.   
Similar to closed loop TA mechanism, closed loop frequency adjustment (FA) mechanism may also be needed in IoT NTN. There are many remaining details to be sorted out once we agree, in principle, to introduce closed loop frequency correction mechanism. For example, if there should be a joint command for both TA and FA, or separate commands, the FA granularity, etc.
[bookmark: _Toc115423688]Closed loop frequency correction mechanism should optionally be supported in IoT NTN.
2.2	GNSS acquisition in connected mode
In RAN1#109-e, it was concluded that an IoT NTN UE may need to re-acquire a valid GNSS position fix during a long connection. In addition, the following related agreements were made in RAN1#110.


Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap 
Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.

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. 

If a UE’s GNSS position becomes invalid in connected mode, we consider the Release 17 approach where the UE switches to idle mode to reacquire GNSS position as a baseline. Our understanding is that Option 1 in the above agreement means that GNSS position fix is performed while the RLF related timer is running, followed by an RRC reestablishment procedure. If the UE must acquire GNSS position before losing the connection, it might as well do it using a measurement gap. Also, it will report GNSS assistance information to the network anyways (if configured by the network), which is all the network needs to configure a measurement gap. If the UE fails to acquire GNSS position during a measurement gap, it may attempt to reacquire it during the RLF procedure. 
[bookmark: _Toc115423680]GNSS acquisition during RLF procedure will only be needed if a UE fails to acquire it during a GNSS measurement gap. 
Therefore, we support introducing GNSS measurement gaps in connected mode for IoT NTN.
[bookmark: _Toc115423689]Support GNSS measurement gaps for IoT NTN UEs in connected mode.
Moreover, we support a UE-assisted network-triggered GNSS measurement where the network may ask a UE to refresh its GNSS position, e.g., based on the GNSS assistance information received from the UE.
[bookmark: _Toc115423681]The network can use GNSS assistance information (which the UE will have to report anyways if configured by the network) to trigger a GNSS measurement by scheduling a gap.
[bookmark: _Toc115423682]However, if there are some scenarios where the UE may need to make a GNSS measurement earlier than what is indicated by its validity timer (e.g., due to sudden changes in its mobility), then UE-triggered GNSS measurement may also be useful. For instance, the UE may indicate it to the network that it is about to make a measurement or UE may request a GNSS gap from the network.
[bookmark: _Toc115423683]UE-triggered GNSS measurement may be useful when UE needs to make a GNSS measurement earlier than what is indicated by its GNSS validity timer, e.g., due to a sudden change in the UE’s mobility pattern.  
Therefore, we have the following proposal.
[bookmark: _Toc115423690]Support network-triggered GNSS measurements in connected mode for IoT NTN.
2.3	GNSS assistance information
In RAN1#109-e and RAN1#110, the following agreements were made for GNSS assistance information.  
Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 


Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix.
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
· Note: further discuss whether a UE is expected to handle all eNB triggers

There are a few remaining details that RAN1 needs to discuss. First, we need to decide when the UE needs to send the GNSS assistance information. One option is to send it during connection establishment phase, and another is to report it before the GNSS validity timer is about to expire. Our view is that the remaining validity duration can be reported during the connection establishment phase. This way, the network may schedule resources and a GNSS measurement gap accordingly if needed. 
[bookmark: _Toc115423684]NTN UEs are required to have a valid GNSS position before accessing the network.
We have the following proposal for reporting the validity timer for the GNSS position used to access the network: 
[bookmark: _Toc115423691]UE should report the GNSS assistance information during connection establishment phase.
We also need to address the case where the GNSS position expires in the connected mode. In this case, the UE may report GNSS assistance information in an RRC message after acquiring the GNSS position fix if configured by the network. 
[bookmark: _Toc115306674][bookmark: _Toc115423692]Upon GNSS timer expiry, a UE in connected mode should report the GNSS assistance information after GNSS reacquisition using RRC signalling if configured by the network.
If a UE in connected mode has already reported its GNSS assistance information, the UE may not be required to report it again during the same connection if the contents of the GNSS assistance information report are identical to the previous GNSS report. 
[bookmark: _Toc115423693]If a UE in connected mode has already reported its GNSS assistance information to the network, the UE may not to be required to report it again during the same connection provided that the GNSS assistance information is expected to remain unchanged.
It should be up to the network to configure the contents/type of the GNSS assistance information to be reported by the UE. For example, if a UE does not request or support GNSS measurement gaps in connected mode, the network may only configure the UE to report remaining GNSS validity duration as TTFF may not be useful. 
[bookmark: _Toc115423694]Network should configure the type of GNSS assistance information to be included in the UE report.
Finally, once we agree on the type of information to be included in the GNSS report, we need to discuss the details of the format. 
3	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	The existing TAC mechanism is sufficient to address the timing error due to incorrect UE position in IoT NTN.
Observation 2	GNSS acquisition during RLF procedure will only be needed if a UE fails to acquire it during a GNSS measurement gap.
Observation 3	The network can use GNSS assistance information (which the UE will have to report anyways if configured by the network) to trigger a GNSS measurement by scheduling a gap.
However, if there are some scenarios where the UE may need to make a GNSS measurement earlier than what is indicated by its validity timer (e.g., due to sudden changes in its mobility), then UE-triggered GNSS measurement may also be useful. For instance, the UE may indicate it to the network that it is about to make a measurement or UE may request a GNSS gap from the network.
Observation 4	UE-triggered GNSS measurement may be useful when UE needs to make a GNSS measurement earlier than what is indicated by its GNSS validity timer, e.g., due to a sudden change in the UE’s mobility pattern.
Observation 5	NTN UEs are required to have a valid GNSS position before accessing the network.

Based on the discussion in the previous sections we propose the following:

Proposal 1	Network can potentially indicate to an IoT NTN UE in connected mode if it can continue its uplink transmission after GNSS validity timer expiry.
Proposal 2	Network can optionally indicate service link timing drift parameters to an IoT NTN UE in connected mode.
Proposal 3	Upon GNSS timer expiry in connected mode, an IoT NTN UE may use service link drift information (in addition to common TA parameters) to calculate TA values before receiving the next TA command.
Proposal 4	Closed loop frequency correction mechanism should optionally be supported in IoT NTN.
Proposal 5	Support GNSS measurement gaps for IoT NTN UEs in connected mode.
Proposal 6	Support network-triggered GNSS measurements in connected mode for IoT NTN.
Proposal 7	UE should report the GNSS assistance information during connection establishment phase.
Proposal 8	Upon GNSS timer expiry, a UE in connected mode should report the GNSS assistance information after GNSS reacquisition using RRC signalling if configured by the network.
Proposal 9	If a UE in connected mode has already reported its GNSS assistance information to the network, the UE may not to be required to report it again during the same connection provided that the GNSS assistance information is expected to remain unchanged.
Proposal 10	Network should configure the type of GNSS assistance information to be included in the UE report.
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