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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The study on NB-IoT/eMTC support for NTN was approved with the following RAN1 objectives [1]:
RAN1
The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
- Aspects related to HARQ operation [RAN2, RAN1]

In this contribution, we discuss the UL time and frequency synchronization enhancement for IoT over NTN.

[bookmark: _Ref129681832]Discussion
UL time and frequency synchronization enhancement
In IoT NTN, UE with GNSS capability is assumed and with this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission [1]. As discussed in [2], based on DL reference signals, UE position and satellite position, UE can acquire the UL frequency/timing offset of service link. Therefore, both the estimation and pre-compensation of UE-specific UL frequency/timing offset of service link can be conducted at the UE side. Meanwhile, the frequency offset of feeder link can be compensated by gNB. The timing offset of feeder link can be compensated fully or partly by gNB, and a common TA can be broadcast to UE [2]. Overall, the UL time and frequency synchronization enhancement in IoT NTN can reuse corresponding designs and conclusions of NR NTN.
Observation 1: The UL time and frequency synchronization enhancement of NR NTN can be applied to IoT NTN.
Proposal 1: Reuse the UL time and frequency synchronization enhancement design and conclusions of NR NTN in IoT NTN.
An NB-IoT UE works in half duplex mode. It is noted that NB-IoT can keep transmitting UL signals for longer than 2 s due to large number of repetitions. Even though there is 40 ms UL gap duration after 
256 ms UL transmission for receiving DL reference signals, this UL gap may not be sufficient to update UL timing adjustment. For preamble transmission with repetition, the maximum repetition number can be up to 64, and no UL gap will be inserted. The time and frequency offset introduced by the movement of satellite during the long preamble transmission will degrade the detection of the preamble sequence. To compensate the time and frequency offset during the long UL transmission duration, TA and frequency drift rate can be applied at UE side and an extra gap may be needed for TA adjustment during UL repetitions.
Proposal 2: Study the effects of long UL transmission duration on UL time synchronization.
Proposal 3: The timing drift rate can be accounted for by the UE to compensate the timing offset during the long UL transmission.
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[bookmark: _Ref59821633]Figure 1 NB-IoT UE RACH failure due to insufficient coverage time
In NB-IoT, an extensive number of repetitions is supported to effectively exploit the time variation of the wireless channel for coverage enhancement, up to 2048 repetitions in DL and up to 128 repetitions in UL. The large number of repetitions implies that the UL and DL transmission can take a long time, for instance, RACH procedure may take more than 20 seconds for an NB-IoT. Take Figure 1 as an example, an NB-IoT UE performs random access NTN in a moving cell coverage (Cell 1), and the remaining time for the UE to stay in Cell 1 is 18 seconds. If RACH procedure of this UE needs more than 18 seconds, this UE may not be able to complete initial access in Cell 1, e.g. fail to receive Msg4. The reason for this is that the UE has entered another cell coverage (Cell 2), when the Cell 1 sends Msg4 to it. As a result, RACH failure may occur due to the fact that an NB-IoT UE may stay in a cell for a short time. This leads to increased UE power consumption which needs further study, since low-cost NB-IoT UEs are usually also power-sensitive.
Observation 2: RACH failure may happen for an NB-IoT UE since it may stay in the cell for a short time, which leads to increased power consumption.
Proposal 4: Study solutions for the possible RACH failure due to the insufficient time to stay in a given cell’s coverage.

Conclusion
In this contribution, we discuss the time/frequency adjustment and RACH enhancement in IoT NTN. The following observations and proposals are presented:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: The UL time and frequency synchronization enhancement of NR NTN can be applied to IoT NTN.
Observation 2: RACH failure may happen for an NB-IoT UE since it may stay in the cell for a short time, which leads to increased power consumption.
Proposal 1: Reuse the UL time and frequency synchronization enhancement design and conclusions of NR NTN in IoT NTN.
Proposal 2: Study the effects of long UL transmission duration on UL time synchronization.
Proposal 3: The timing drift rate can be accounted for by the UE to compensate the timing offset during the long UL transmission.
Proposal 4: Study solutions for the possible RACH failure due to the insufficient time to stay in a given cell’s coverage.
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