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[bookmark: _Ref18181]Introduction
In RAN1#110-bis-e [1], the scheme to enable the GNSS measurement in RRC-connected state were discussed for IoT device with some progress. And following agreements were achieved:
Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.
Agreement
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.
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 
Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.
In this contribution, we further share the views on improved GNSS operation in IoT NTN, including the closed loop frequency correction, the configurations of GNSS measurement schemes during long connection and GNSS re-acquisition during C-DRX.
Discussion
1.1 Closed loop frequency correction
At the RAN1#110-bis-e, the discussion on closed loop frequency correction is conducted with following proposal as FL’s recommendation:
	FL recommendation – 1:
RAN1 evaluates whether to support Closed loop frequency correction via MAC CE command signaling.
during inactive state of Connected DRX, and whether there is spec impact.


In NTN case, based on the pre-compensation, the frequency errors can be easily handled by GNSS re-acquisition. Moreover, the closed loop correction cannot handle the timing/frequency error accumulated during long UL repetition, since UE will not receive DL command during ongoing repetitions. As a result, even if closed loop mechanism is supported, the potential extension of GNSS validity duration is limited. For example, consider the case as shown in Figure 1, where UE actual location is nadir point, e.g., [0, 0, R], but it performs UL synchronization based on a location with 2km error, e.g., [2000, 0, R], where R denotes the earth radius. The initial position of satellite is assumed as [0, 0, Re+h], where h denotes the orbit height, and the satellite moves in the x-z plane. In LEO-600, assuming the ephemeris is perfectly known by UE, the difference between real service link TA and pre-compensated service link TA can be evaluated as shown in Figure 2. From the figure, it can be observed that the TA error variation rate can be over 0.16 us/s. In NB-IoT, the timing error limit is Te=80*Ts=2.6us. Since the Te takes all potential sources of error into account, including the error caused by ephemeris error and common TA error, we can assume the TA error caused by GNSS position error is upper bounded by Te/4. Then, the maximum repetition duration of a UL transmission is limited by Te/4/0.16=4s, which is not expected since it is shorter than 1/10 of maximum supported repetition duration (i.e., 40.96s) in legacy NB-IoT. That is, the GNSS position error is not expected to be larger than 2km in LEO-600 with consideration of TA error in long repetition case, which limits the GNSS validity duration. For example, when UE speed is 120km/h, the GNSS validity duration is limited to 2/120*3600=60s. With 2km GNSS position error limit, the maximum frequency error caused by GNSS position error is about 170Hz in LEO-600 S-band, which is smaller than 0.1ppm. As a result, the frequency error caused by GNSS position error can be thought tolerable during the GNSS validity duration limited by TA error in long repetition transmission. Closed loop frequency correction is not necessary since it will bring additional complexity and spec impact but does not significantly improve the performance. 
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[bookmark: _Ref118391390]Figure 1 An illustration of evaluated case
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[bookmark: _Ref118392526]Figure 2 TA error caused by GNSS position error in LEO-600
Observation 1: The closed loop correction mechanism cannot work in long repetition case since UE will not receive DL command during ongoing repetitions.
Observation 2: The GNSS validity duration extended by closed loop correction is limited by the TA error during long repetition. The frequency error caused by GNSS position error is tolerable within the extended GNSS validity duration with consideration of this limit.
Proposal 1: Closed loop frequency correction is unnecessary in consideration of complexity and spec impact.
1.2 GNSS measurement gap 
As for GNSS measurement schemes in long connection time, the remaining issues need to be further studied. 
	2nd Checkpoint Proposal 3a
For GNSS measurement in 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
· FFS: whether to support new configured GNSS timer(s) as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurements
[bookmark: _Hlk118401513]New configured GNSS timer(s) are used as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurements
· FFS details of timer(s) – e.g. configuration, when to start/re-start timer(s)


When eNB aperiodically triggers connected UE to make GNSS measurement, how to configuration the gap is not determined yet. In our understanding, the start time of measurement gap should be the expiration time of current GNSS validity duration. And the gap length should be the GNSS position fix time duration for measurement, which has been agreed to be reported at least during initial access stage in previous meeting. After the measurement gap, the validity duration of new GNSS information will start. With this configuration method, the usage of validity duration of GNSS position is maximized. Moreover, the signaling overhead can also be reduced since additional indication of start time of measurement gap is not needed.  For example, as shown in Figure 3, GNSS measurement gap will be assumed intermediately once GNSS validity duration is expired. Then, there is no additional signaling to indicate the start time for GNSS measurement gap. And the validity duration will be re-accounted once the re-acquisition is completed without additional distortion of the timeline at both gNB and UE side.
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[bookmark: _Ref134]Figure 3 An illustration of GNSS update in RRC connection
Proposal 2: For GNSS measurement in connected, if eNB aperiodically triggers connected UE to make GNSS measurement, the start time of GNSS measurement gap should be set to the expiration time of GNSS validity duration. 
In addition, it is assumed in RAN1 that simultaneous GNSS and NTN NB-IoT/eMTC operation is not supported. During the above GNSS measurement gap, although UE is still in RRC connection mode, scheduling is expected from eNB and reception of any signalling and RS are not supported by UE.
Proposal 3: No scheduling and reception of any signaling is expected by UE during the GNSS measurement gap.
1.3 Timer based GNSS acquisition 
As listed in the above, one fallback mechanism is also proposed: 
	New configured GNSS timer(s) are used as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurements
FFS details of timer(s) – e.g. configuration, when to start/re-start timer(s)


In our view, such solution can also be supported as a fallback mechanism in case UE does not receive the trigger signalling from eNB, e.g., due to reception failure. Similar to the configuration method of measurement gap illustrated in previous clause, the start of GNSS measurement timer should be the expiration time of GNSS validity duration. And the timer length should be the GNSS position fix time duration for measurement. If UE successfully re-acquires new GNSS information before timer expiration, the validity duration of new GNSS information will start after expiration of the new configured GNSS measurement timer. Otherwise, UE will go to IDLE state after the expiration of the GNSS measurement timer.
Proposal 4: For GNSS measurement in connected, if UE does not receive eNB trigger to make GNSS measurement, a GNSS measurement timer can be used as a fallback mechanism. 
· The GNSS measurement timer starts at the expiration time of GNSS validity duration。
· The GNSS measurement timer length is equal to GNSS position fix time duration reported by UE. 
1.4 [bookmark: _GoBack]GNSS re-acquisition in C-DRX
As for GNSS re-acquisition in C-DRX, the following issue is under discussion. 
	FL recommendation – 5:
For UE during long connection times, RAN1 evaluates whether UE can re-acquire GNSS position fix during inactive state of Connected DRX, and whether there is spec impact.


In our views, it is beneficial to let UE require GNSS position fix during inactive state of C-DRX, which will guarantee valid GNSS duration and not affect the normal transmission in active time. Note that the PDCCH detection in inactive state of DRX, e.g., PDCCH detection for paging, is designed for IDLE DRX. In Connected DRX, UE will not detect such signal before switching to active state. Therefore, letting UE reacquire GNSS during the inactive state of C-DRX will not affect the cellular operation. 
Moreover, it is preferred to specify the time when UE acquires the GNSS information to achieve consensus between UE and eNB. If UE and eNB does not have consensus on the GNSS acquisition time, UE should report the residual GNSS validity duration to eNB after switch to active time, which can be varied for different times of state switch, even if the GNSS validity duration is unchanged. However, if UE and eNB have consensus on the GNSS acquisition time, the start time of GNSS validity duration is implicitly known. Then UE only needs to report the GNSS validity duration once if it is stable, which saves the signaling. Furthermore, in order to maximize the usage of GNSS information, GNSS position fix acquisition should be performed just before the switch from inactive to active time so that a fresh GNSS information can be obtained by UE.. 
Proposal 5: UE is supported to re-acquire GNSS during inactive state of C-DRX right before switch to active time. The time for GNSS re-acquisition should be specified to achieve consensus between UE and eNB.
Conclusion
In this contribution, analysis on improved GNSS operation for IoT-NTN is conducted with following proposals and observations:
Observation 1: The closed loop correction mechanism cannot work in long repetition case since UE will not receive DL command during ongoing repetitions.
Observation 2: The GNSS validity duration extended by closed loop correction is limited by the TA error during long repetition. The frequency error caused by GNSS position error is tolerable within the extended GNSS validity duration with consideration of this limit.
Proposal 1: Closed loop frequency correction is unnecessary in consideration of complexity and spec impact.
Proposal 2: For GNSS measurement in connected, if eNB aperiodically triggers connected UE to make GNSS measurement, the start time of GNSS measurement gap should be set to the expiration time of GNSS validity duration. 
Proposal 3: No scheduling and reception of any signaling is expected by UE during the GNSS measurement gap.
Proposal 4: For GNSS measurement in connected, if UE does not receive eNB trigger to make GNSS measurement, a GNSS measurement timer can be used as a fallback mechanism. 
· The GNSS measurement timer starts at the expiration time of GNSS validity duration。
· The GNSS measurement timer length is equal to GNSS position fix time duration reported by UE. 
Proposal 5: UE is supported to re-acquire GNSS during inactive state of C-DRX right before switch to active time. The time for GNSS re-acquisition should be specified to achieve consensus between UE and eNB.
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