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1. Introduction
In RAN1 #104, #104bis and #105 e-Meeting [1], part of the achieved agreements on the time and frequency synchronization for NB-IoT/eMTC over NTN are listed:
In this contribution, long UL transmission and new UL gap are discussed to support NB-IoT and eMTC over NTN.
Agreement:
Study the UE pre-compensation of satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC. 

Agreement:
Study the UE pre-compensation of satellite delay and Doppler during long UL transmission on PRACH in NB-IoT and eMTC.

Agreement:
Study the UE pre-compensation of satellite Doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.

Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

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

2. Long UL Transmission
In TS 36.211, an UL gap with 40 ms is added to allow UE to re-synchronize time and frequency during long UL transmission exceeding 256ms. And the transmit timing error  is 80* = 2.6 us for NB-IoT, and  is 24* = 0.78 us for eMTC in current spec. When considering IoT over NTN scenarios, e.g., the case of LEO-600, the maximum TA drift rate including both feeder link and service link is 93 us/s. In time continuous transmission over 256 ms, the maximum time drift can be up to 93 us/s * 256 ms / 1000 = 23.8 us = 734*, which far exceeds the transmit timing error. TA information may be already out of date before an UL gap arrives. If reuse the legacy mechanism for timing and frequency synchronization, uplink performance will suffer great loss because of timing asynchronization. 
Observation 1: The legacy mechanism that an UL gap is added after long UL transmission exceeding 256ms cannot be applied to IoT over NTN.
In IoT over NTN, there is a common understanding that more frequent timing and frequency synchronization are needed due to the fast mobility of satellites. The legacy mechanism for timing and frequency synchronization needs to be enhanced for IoT over NTN.
In order to meet the requirement of the transmit timing error  defined in current spec, the maximum continuous transmission cannot exceed 80*/ 734*T_s * 256ms = 27.9ms for NB-IOT over NTN, and 24*/ 734*T_s * 256ms = 7.5ms for eMTC over NTN. Once transmission time exceeds the maximum continuous transmission time, TA information may be out of date and needs to be re-compensated.
[bookmark: OLE_LINK2]Observation 2: In order to not exceed the transmit timing error , timing re-synchronization is always needed once the continuous transmission exceeding 27.9ms for NB-IoT over NTN, and 7.5ms for eMTC over NTN.
[bookmark: OLE_LINK1][bookmark: _Hlk79089090]Hence, in IoT over NTN, UE needs segmented pre-compensation of satellite delay and doppler shift. The valid time of segmented pre-compensation cannot exceed 27.9ms/ 7.5ms. During the valid time, the pre-compensated TA and doppler offset are assumed to be invariant. Further, the valid time can be denoted by a block of N time units, where N can be determined by the maximum segment duration and indicated to UE to orderly apply each segmented TA value within the UL transmission, and the time unit can be slot.
Proposal 1: Support UE segmented pre-compensation of satellite delay and doppler shift per N time units.
· Indicate the value of N by network, and the time unit is slot.
3. New UL Gap
In legacy mechanism that an UL gap with 40ms is added after long UL transmission exceeding 256ms, TA value and doppler offset are re-calculated and compensated during the UL gap. While in IoT over NTN, if reuse the legacy UL gaps, the updated TA value and doppler offset will be out of date and cause larger error for next continuous transmission. Hence, legacy UL gap mechanism needs to be enhanced.
To support segmented pre-compensation mechanism, new enhanced UL gap can be adaptively configured by network. For example, in LEO case, satellite moves fast and time drift changes rapidly, more segments and more UL gaps are needed. The details of gaps, including gap number, gap length and start time, can be flexibly configured by network and informed to UE in advance. While in MEO case, time drift changes slow, less segments and less UL gaps can be configured.
During this UL gap, UE updates UE-specific TA and common TA value and applies it before next segmented transmission. Besides, the estimated UE-specific TA can be reported to the network by UE through this gap to achieve the alignment on TA adjustment between UE and network. Moreover, the issue of the overlapping between two adjacent segments with different TA values needs to be considered. With this UL gap, the overlapping problem can be solved, shown in Figure 1.

Figure 1: Segment NPUSCH transmissions

Similarly, frequency synchronization can be pre-compensated during UL gaps. In addition, utilizing the enhanced UL gap mechanism, UE can not only perform timing and frequency synchronization, but also perform other operations, e.g., cell re-selection, beam switch, and satellite ephemeris information update. 
Proposal 2: Support the enhanced UL gaps mechanism for time and frequency segmented pre-compensation during UL transmission.
4. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]Conclusion
In this contribution, we discussed the issues about long UL transmission and new UL gap with the following observations and proposals:
Observation 1: The legacy mechanism that an UL gap is added after long UL transmission exceeding 256ms cannot be applied to IOT over NTN.
Observation 2: In order to not exceed the transmit timing error , timing re-synchronization is always needed once the continuous transmission exceeding 27.9ms for NB-IOT over NTN, and 7.5ms for eMTC over NTN.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: Support UE segmented pre-compensation of satellite delay and doppler shift per N time units.
· Indicate the value of N by network, and the time unit is slot.
Proposal 2: Support the enhanced UL gaps mechanism for timing and frequency segmented pre-compensation during UL transmission.
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