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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The work item on NB-IoT/eMTC support for NTN was approved at RAN#92-e [1] and one objective is to specify time and frequency synchronization enhancements using NR_NTN_solutions WI agreements as baseline, according to Section 8 in TR 36.763 [2]. In TR 36.763, IoT NTN specific time and frequency synchronization enhancements are listed as below:
-	Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments…
[bookmark: _Hlk77329610]-	Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
-	DL synchronization enhancements: new channel raster, (part of) ARFCN-indication-in-MIB
-	GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission
In this contribution, we discuss our views on necessary changes for time/frequency adjustment for NB-IoT/eMTC UEs in NTN. 
[bookmark: _Ref129681832]Discussion
GNSS Position Fix
In the IoT NTN, GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. However, simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. Once a UE acquires GNSS fix, it will become inaccurate after a certain time because of UE movement or satellite perturbation and new acquisition for GNSS would be needed to avoid UE asynchronization before any UL transmission. Acquisition of GNSS position fix for sporadic short transmission was discussed in RAN1#106-e meeting and the following agreement was made:
Agreement:
For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated.
It is important to define a mechanism for the UE to determine when the GNSS fix becomes outdated. In our view, a straightforward approach is to define a validity timer for GNSS. This was also discussed in the previous meeting and feature lead encouraged companies to contribute to this meeting on what is required to be specified if a UE autonomously determines how long a GNSS fix is valid and following two options were recommended for further discussion:
Option 1: An internal timer in the device is used by UE to set autonomously the GNSS validity duration
Option 2: A specified timer is used by UE to set autonomously the GNSS validity duration
[bookmark: _Hlk82518590]Since validity duration of GNSS position fix depends on UE’s mobility pattern which the network does not a priori know, we prefer option 1 i.e., an internal timer in the device is used by the UE to set autonomously the GNSS validity duration. 
Proposal 1: An internal timer in the device is used by UE to set autonomously the GNSS validity duration.
To ensure that a UE shall have a valid GNSS position fix for UL transmission, there was some discussion on supporting UE behavior such that UE does not start transmission if it cannot complete it before the GNSS position fix becomes outdated. However, if the UE takes this decision autonomously and the eNB does not know whether the lack of UL transmission was due to MPDCCH failure or due to a GNSS position fix timeout, DL and UL resources would be wasted. Therefore, it will be beneficial if there is common understanding between the network and the UE about GNSS validity duration which can also facilitate network scheduling decisions towards UEs with different mobility patterns. A simple solution is that the UE signals to the network the length of time that GNSS position fix is valid for. 
[bookmark: _Hlk82591190]Proposal 2: The UE shall signal to the network the length of time that GNSS position fix is valid for to ensure common understanding on validity of GNSS position fix between the UE and eNB.

Validity timer for UL synchronization 
In RAN1#106-e meeting [3], following was agreed with respect to validity timer for UL synchronization. 
Agreement:
The validity timer of UL synchronization is configured by the network
· FFS: Whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters

Agreement:
UE in RRC_IDLE reads the satellite ephemeris on SIB and the common TA parameters if indicated on SIB and (re-)start the validity timer(s) for UL synchronization before moving to RRC_CONNECTED.
· FFS: Details of the precise (re-)start time for the validity timer for UL synchronization to ensure a common understanding between gNB and UE.
· Other signaling details for validity timer are up to RAN2

In our view, validity timer should be (re-)set upon (re-)acquiring updated ephemeris information. Since a UE may not always read the first SIB repetition carrying updated ephemeris information, the timer at the UE should be adjusted considering the value configured by the network applies from the first SIB repetition. 
Proposal 3: Validity timer duration is counted from the first SIB repetition.
[bookmark: _Hlk82608901]Upon timer expiry in RRC_CONNECTED state, UE can go back to idle state to read the SIB containing updated ephemeris information. Before a UE can acquire NTN SIB to refresh the ephemeris, it can rely on prediction for UE specific TA calculation and Doppler shift calculation. 
Proposal 4: Upon expiry of the validity timer in RRC_CONNECTED state, the UE goes to idle state to read the SIB with updated ephemeris information.

UL gaps for long PUSH and PRACH transmission enhancements
As mentioned in [1], GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. However, for IoT NTN, the UL transmission duration can be extremely long due to large number of repetitions required to ensure the coverage. The large timing and frequency drifts in NTN may impact system performance if pre-compensation values are not updated for UL synchronization during long UL transmissions. Therefore, segmented UE pre-compensation for long PUSCH and PRACH has been agreed and RAN1 has agreed that the UL transmission segment duration is provided by UE-specific RRC signalling or by signalling in SIB.
Due to the movement of the satellite, the UE needs to apply different TA pre-compensation values for different segments of long PUSCH and PRACH.  As described in [4], the overlapping between different TA segments depends on the TA values. In our view, uplink gaps between segments of UL transmission can be leveraged to perform time/frequency synchronization and avoid overlapping between segments and phase discontinuity. The transmission gap must be sufficiently long to estimate pre-compensation values at the gNB/UE and report to the UE/gNB. 
Proposal 5: Support UL gaps during long transmission to avoid phase discontinuity between segments.

DL synchronization enhancement
As mentioned earlier, for improving the DL synchronization performance, one of following solution will be selected:
· New Channel raster with a step size greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB
Pros and cons of the two solutions have been discussed in the previous meetings without any consensus on selecting single solution. In our view, channel raster with a step size greater than 100 kHz is a simple solution. Although it reduces the number of deployable frequencies available for operators within their allocated spectrum, it results in reduced power consumption due to reduced numbers of rasters in cell search. ARFCN indication in MIB, on the other hand, increases UE complexity since it requires multiple hypotheses testing before decoding the PBCH. Therefore, we support to increase channel raster size for improving downlink synchronization performance which also benefits from reduced signalling overhead as compared to ARFCN indication in MIB.
Proposal 6: Support increased channel raster size in IoT NTN.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following observations and proposals.
Proposal 1: An internal timer in the device is used by UE to set autonomously the GNSS validity duration.
Proposal 2: The UE shall signal to the network the length of time that GNSS position fix is valid for to ensure common understanding on validity of GNSS position fix between the UE and eNB.
Proposal 3: Validity timer duration is counted from the first SIB repetition.
Proposal 4: Upon expiry of the validity timer in RRC_CONNECTED state, the UE goes to idle state to read the SIB with updated ephemeris information.
Proposal 5: Support UL gaps during long transmission to avoid phase discontinuity between segments.
Proposal 6: Support increased channel raster size in IoT NTN.
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