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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
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 was agreed in SI phase and further agreements were made in RAN1#105-e as follows:
Agreement:
· A specification change is needed for UL transmission with repetitions R>1. 
· For segmented UE pre-compensation how the following is handled can be further discussed 
· Phase discontinuity at subframe boundary when applying new pre-compensation
· Coherence time limitation due to delay/frequency drift rate during segment
· Signal overlapping between different TA segments
· FFS: Need for more frequent new UL gaps during long transmission 
· FFS: Whether sampling frequency adjustment to avoid new UL gaps can be achieved by implementation
· FFS: Value of N for the number of time units and what is the time unit for the segmented UE pre-compensation

[bookmark: _Hlk77325191]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. The length of the segment and transmission gap can be determined based on the time/frequency drift rate and tolerable timing and frequency errors and can be configured by the network. The time unit for segmented pre-compensation can be the same as the PUSCH / PRACH preamble repetition unit.
Proposal 1: Support UL gaps during long transmission to avoid phase discontinuity between segments.
[bookmark: _Hlk77336397]Proposal 2: Length of segment and gap between pre-compensation segments is configured by the network. Time unit is the same as the PUSCH/PRACH preamble repetition unit.

Validity timer for UL synchronization 
In RAN1#105-e meeting [3], following was agreed. 
Agreement:
A validity timer for UL synchronization (e.g., for satellite ephemeris and potentially other aspects) configured by the network is recommended.
· Details e.g. when to set/reset the timer, timer duration and UE behavior upon timer expiry can be discussed in the normative phase

[bookmark: _Hlk78288169]In our view, validity timer should be reset to the value configured by the network upon (re-)acquiring the information required for uplink synchronization. Upon timer expiry, before a UE acquires NTN SIB to refresh the ephemeris, it can rely on prediction for UE specific TA calculation and Doppler shift calculation. Both UE and gNB should have aligned understanding on the duration over which prediction-based TA and Doppler shift calculations are accurate so that periodicity of ephemeris broadcast is set such that UE asynchronization can be avoided. 
Proposal 3: Validity timer is set/reset upon acquiring information required for uplink synchronization.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following observations and proposals.
Proposal 1: Support UL gaps during long transmission to avoid phase discontinuity between segments.
Proposal 2: Length of segment and gap between pre-compensation segments is configured by the network. Time unit is the same as the PUSCH/PRACH preamble repetition unit.
Proposal 3: Validity timer is set/reset upon acquiring information required for uplink synchronization.
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