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Introduction
In RAN#86 e-meeting, the SI of “New Study WID on NB-IoT/eTMC support for NTN” was approved and the SID was updated in [1]. This Study will evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC according to the following objectives. 
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.
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]
-	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, we will discuss potential enhancements of RAN1 specs to the NB-IoT and eMTC over satellite.
DL synchronization
DL initial synchronization performance based NB-IoT/eMTC synchronization signals should be evaluated. For the LEO without pre-compensation of the frequency offset, additional complexity is needed at UE receiver to achieve DL initial synchronization based on NB-IoT/eMTC synchronization signals. Beam specific pre-compensation of common frequency shift, e.g., conducted with respect to the spot beam canter at network side, should be considered. 
Proposal 1: Pre-compensation on the Doppler shift for DL transmission should be considered.
Random access
In IoT NTN, UE with GNSS capability is assumed [1]. Through detecting UE position and satellite position, UE can acquire the UL frequency/timing offset of service link. Based on the results summarized in [3], it can be predicted that with assumption on pre-compensation of timing and frequency offset at UE side for UL transmission, existing NB-IoT/eMTC PRACH formats and preamble sequences can be reused. The necessity of additional enhancements, e.g., repetitions and/or larger CP, to ensure UL coverage can be further discussed.
However, in case pre-compensation of timing and frequency offset is not performed at UE side for UL transmission, enhanced PRACH formats and/or preamble sequences should be studied.
Observation 1: Existing NB-IoT/eMTC PRACH formats and preamble sequences can be reused with the assumption UE having GNSS capability.
Maintenance for UL timing advance and frequency synchronization
In IoT NTN, UE with GNSS capability is assumed [1]. Through detecting 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. While, the frequency offset of feeder link can be compensated by gNB. The timing offset of feeder link can be compensated by gNB, and the indicated common TA is needed for UE.  In general, we need to reuse the output of NTN WI on timing and frequency cocmpensation mechanism. One exception point is how to reduce the computation complexity of IoT UE to reduce the power cosumption. 
Proposal 2: Reuse the UL time and frequency synchronization mechanism of NR NTN in IoT NTN while taking into account UE processing complexity.  
NB-IoT UE works in half duplex mode. It is noted that NB-IoT UE can keep transmitting UL signals more than 2 s, because there are 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. Consequently, it is necessary to study quick synchronization mechanism to facilitate the satellite IoT application. 
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Conclusions
In this contribution, we discuss time and frequency synchronization for NB-IoT/eMTC over satellite, the following observations and proposals have been made:
Observation 1: Existing NB-IoT/eMTC PRACH formats and preamble sequences can be reused with the assumption UE having GNSS capability.
Proposal 1: Pre-compensation on the Doppler shift for DL transmission should be considered.
Proposal 2: Reuse the UL time and frequency synchronization mechanism of NR NTN in IoT NTN while taking into account UE processing complexity.  
Proposal 3: Study the effects of long UL transmission duration on UL time synchronization.
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