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1. Introduction
According to SID in [1], for the above identified scenarios, the second objective is 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]
· General aspects related to timers (e.g., SR, DRX, etc.) [RAN2]
· RAN2 aspects related to idle mode and connected mode mobility [RAN2]
· RLF-based for NB-IoT
· Handover-based for eMTC
· System information enhancements [RAN2]
· Tracking area enhancements [RAN2]

NOTE 3: GNSS capability in the UE is taken as a working assumption in this study 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. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.

In this contribution, some potential enhancement issues in time and frequency synchronization are discussed to support NB-IoT and eMTC over NTN.
2. Time synchronization
2.1. Initial TA
In initial random access, after NPRACH preambles are sent to cell, IoT device will monitor NPDCCH in RAR time window. The start time of RAR time window is the end subframes of the last preamble repetition plus X subframes, where X shown in Table 1 is related to the repetitions number of NPRACH preambles.
[bookmark: _Ref30587126]Table 1: X value based on NPRACH repetitions
	Number of NPRACH repetitions
	X

	>=  64
	41

	<   64
	4

	>=  16
	41

	<   16
	4


Then, IoT device obtains TA information through timing advance command in RAR. Afterwards, IoT device  sends Msg3 to cell at slot (), where n is the last subframe in which the NPDCCH is transmitted, and  is determined by the scheduling delay field () in the corresponding DCI, as shown in Table 2.
Table 2:  corresponding to 
	
	

	0
	8

	1
	16

	2
	32

	3
	64


While in IoT NTN, satellite is used as a relay between eNB and IoT devices in consideration of the transparent payload. Due to long propagation delay between network and IoT device, the way of TA calculation is the same as NR NTN, which can be computed based on the sum of two distinct parts: TA information corresponds to service link RTD and TA information corresponds to feeder link RTD. 
To ensure the effectiveness of uplink transmission, TA information of service link should be reported to network and network schedules uplink resources for IoT device based on full TA information. Meanwhile, TA information of feeder link should be informed to IoT device, and IoT device sends uplink data in advance based on TA information from network and IoT device.
Proposal 1: Time synchronization can reuse relevant design and conclusions of NR NTN.
Besides, the current start time of RAR time window can not cover the round trip delay in NTN, resulting in that RAR can not be obtained by IoT device. Additionally, the gap time  before Msg3 is much shorter than the round trip delay in NTN, leading that network can not receive Msg3. 
Proposal 2: The start time of RAR time window and Msg3 transmission should be redesigned.
[bookmark: _Hlk61856302][bookmark: _Hlk61854595]Due to the long duration of NPRACH repetitions, TA information of feeder link and service link is out of date after the last preamble repetition. TA information in network and IoT device should be updated or recalculated.
Observation 1: TA information is out of date during NPRACH repetitions. 
Proposal 3: The update or re-calculation of TA information should be considered.
2.2. TA update
In IoT NTN, the way of TA update when IoT device is in RRC_CONNECTED states can be the same as NR NTN, that is, IoT device can use its acquired GNSS position and satellite ephemeris to perform TA update of service link.
Since IoT device works in repetition mode, IoT device will continually send uplink data for a while, which can be up to 2s. During uplink transmission, TA information is out of date, which will affect the uplink performance. Thus, TA information should be updated in time. Though there is a UL gap (40ms) after 256 ms NPUSCH, TA update cannot be completed during this gap. 
Proposal 4: The extension of UL gap should be considered.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The accuracy of TA information is affected by long repetition transmission. In this case, more UL gap should be inserted during the continuous repetion transmission, that is, the repetition number should be reduced. Then TA update can be performed during these UL gaps. The more times the TA information is updated, the more accurate it is. 
Proposal 5: Enhancement on UL gap and repetition number should be considered.
3. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]Frequency synchronization
In IoT NTN, IoT device with GNSS capability is assumed [1]. IoT device in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE states can calculate doppler offset experienced on service link and perform pre-compensation by using its acquired GNSS position and satellite ephemeris. While the frequency offset of feeder link can be compensated by cell. In general, the UL frequency synchronization enhancement in IoT NTN can reuse relevant designs and conclusions of NR NTN.
Proposal 6: Compensation methods of frequency synchronization in NR NTN can be applied to IoT NTN.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Due to repetitions transmission mode, IoT device can keep transmitting UL signals more than 2s. During uplink transmission, the elevant angle information between satellite and network (or IoT device) keeps changing with the movement of satellite, resulting in changing doppler offset. Therefore, frequency is out of synchronization and doppler offset should be compensated again. Specifically, the time of consective transmission should be reduced for frequency re-synchronization timely. 
Observation 2: Frequency synchronization is hard to be kept during repetitions transmission.
Proposal 7: For frequency synchronization, reduced duration of repetitions transmission could be considered.
4. Conclusion
In this contribution, we discussed initial TA, TA update and frequency synchronization, and the following observations and proposals are made. 
Observation 1: TA information is out of date during NPRACH repetitions.
Observation 2: Frequency is out of synchronization during repetitions.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: Time synchronization can reuse relevant design and conclusions of NR NTN.
Proposal 2: The start time of RAR time window and Msg3 transmission should be redesigned.
Proposal 3: The update or re-calculation of TA information should be considered
Proposal 4: The extension of UL gap should be considered.
[bookmark: _GoBack]Proposal 5: Enhancement on UL gap and repetition number should be considered.
Proposal 6: Compensation methods of frequency synchronization in NR NTN can be applied to IoT NTN.
Proposal 7: For frequency synchronization, reduced duration of repetitions transmission could be considered.
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