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Introduction
The study on NB-IoT and eMTC over Non-Terrestrial Networks (NTNs) is approved 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.
Recommendations for NB-IoT and recommendations for eMTC will be documented in the conclusions.


In this contribution, we share our initial views on time and frequency synchronization enhancements to NB-IoT/eMTC over NTN.

UL timing synchronization for IOT NTN
UL timing synchronization in RRC_IDLE and RRC_INACTIVE states
In RAN 103e meeting, the following agreement on time synchronization have been achieved in NR NTN [2].
	Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.


In IoT-NTN, since UEs are assumed with GNSS capability. Therefore, pre-compensation methods proposed for UL synchronization in NR-NTN, e.g., geometric based solution, can also be considered in IoT-NTN.
Proposal 1: Reuse UL timing compensation mechansim of NTN WI in IoT NTN.

Reference point for autonomous acquisition of the TA at UE
In RAN1#102e, it have identified the following 3 options regarding the RP (Reference point) definition in NR NTN.
· Option1: The RP is located at the gNB.
· Option2: The RP is located at the satellite.
· Option3: The RP localization is not specified and left to the implementation.
For option1, the UE specific TA which is autonomously acquired by the UE based on its GNSS capabilities and additional network indications (e.g. satellite ephemeris or time stamp). In this case, the Common TA corresponds to the RTD experienced between the RP and the satellite need to be indicated by the network. 
For option2, the UE specific TA which is autonomously acquired by the UE based on its GNSS capabilities and additional network indications (e.g. satellite ephemeris or time stamp). In this case, the Common TA which corresponds to the RTD experienced between the RP and the satellite does not need to be indicated to the UE.
For option3, the RP localization is not specified and left to the implementation. The initial TA acquisition is computed as the sum of two distinct contributions:
· The UE specific TA which is autonomously acquired by the UE based on its GNSS capabilities and additional network indications.
· The common TA which is indicated by the network. It corresponds to the RTD experienced between the RP and the satellite.
In our view, the TA change caused by the feeder link can be compensated by the network, and the network does not need to broadcast the common TA corresponds to the RTD experienced between the RP and the satellite. Otherwise it will cause a serious signaling overhead problem. 
Furthermore, since the duration for PRACH or NPUSCH transmission is very long, especially with large repetition number. Considering the rapid changes of the common TA corresponds to the RTD experienced between the RP, UE needs to perform multiple TA adjustments of feeder link in once transmission time interval if the RP is not located at the gNB. In this case, the Common TA corresponds to the RTD experienced between the RP and the satellite need to be indicated by the network frequently during the repetitions, which needs to be avoided.
Therefore, the RP is located at the satellite in IOT NTN should be supported.
Proposal 2: Reference point for autonomous acquisition of the TA at UE is located at the satellite.

TA Maintenance procedure
In NTN, the radial velocity between the satellite and UE location can reach significant values especially in NGSO scenarios. As a consequence, the propagation delay changes quickly. In case of LEO transparent payload at 600km, the maximum NTN GW-UE delay variation as seen by the UE can be up to +/- 40 µs/sec. In these conditions, the maintenance procedure based on MAC-CE only may become rather challenging because the UE-specific timing adjustment MAC-CE commands must be sent very often leading to critical DL signaling overhead. Autonomous adjustment of the TA before UL transmission by the UE can significantly reduce signalling overhead in connected mode.
In RAN1#103e, the following FL recommendation is made in NR NTN.
	FL recommendation: 
For TA update in RRC_CONNECTED state, combination of both open ( i.e. UE autonomous TA estimation based on UE position and satellite ephemeris, and common TA estimation and common timing drift rate) and closed control loops (i.e., received TA commands) shall be supported for NTN.
RAN1 to provide more details about open-loop and closed-loop control. 


For open loop method, UE can use an acquired GNSS position and satellite ephemeris to calculate the TA for service link and apply the calculated values accordingly in RRC_CONNECTED states. The TA change caused by the feeder link can be compensated by the network. If UE can obtain accurate TA based on GNSS capability and satellite ephemeris automatically, TA Maintenance can be relying on open-loop method only. Otherwise, closed loop method can be considered to help UE to obtain accurate TA, i.e., received TA commands.
Proposal 3: Both open and closed control loops are supported in connected mode for IOT NTN.


UL frequency synchronization for IOT NTN

UL timing synchronization in RRC_IDLE and RRC_INACTIVE states
In RAN 103e meeting, the following agreement on frequency synchronization have been achieved in NR NTN [2].
	Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
  
Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.


In IoT-NTN, since UEs are assumed with GNSS capability. Therefore, pre-compensation methods proposed for UL synchronization in NR-NTN, e.g., geometric based solution, can also be considered in IoT-NTN.
Proposal 4: Reuse frequency compensation mechanism of NTN WI in IoT NTN.

Reference point for UL frequency synchronization
In RAN1#103e, the following FL recommendations are made in NR NTN.
	FL recommendation-3-3: 
Companies are invited to provide feedback about the three listed options for regarding the reference point definition:
· [bookmark: OLE_LINK8][bookmark: OLE_LINK11]Option 1: The reference point for frequency in an NTN is located at the satellite
· Option 2: The reference point for frequency in an NTN is located at the gNB
· Option 3 : The reference point for frequency in an NTN is under control of the network


For Option 1, the feeder link Doppler shift and transponder frequency error can be compensated by gNB and UE does not need to handle the frequency offset between satellite and gNB. In this case, there is no need to signal the common Doppler shift and Doppler drift rate due to feeder link and also the transponder frequency error.
For Option 2, as UE cannot estimate the Doppler shift over the feeder link and cannot estimate the transponder frequency error, the common Doppler shift and Doppler drift rate due to feeder link and also the transponder frequency error need to be indicated by the network.
[bookmark: _GoBack]For Option 3, the reference point for frequency in an NTN is under control of the network. In this case, the UE shall be responsible for determining the frequency offset required for frequency alignment at the satellite. However, the network may configure additional frequency offsets that are signaled to the UE. The signaled offsets are determined by the gNB and may be used to move the reference point.
In our view, in order to avoid increasing the complexity of the NB-IOT terminal, Option 1 should be supported. IOT NTN UE does not need to handle the frequency offset between satellite and gNB.
Proposal 5: In IOT NTN, the reference point for frequency synchronization is located at the satellite.

Time and frequency synchronization enhancement specifically for IOT NTN
In the IoT-NTN SI, it is highlighted that simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. 
	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.



[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Therefore GNSS receiving and corresponding pre-compensation cannot be done during UL data transmission. However, in NB-IOT, the duration for PRACH or PUSCH transmission is very long, especially with large repetition number. Considering the rapid time-frequency changes in the satellite scenario, UE needs to perform multiple time-frequency offset adjustments in once transmission time interval. In this case, updates on the pre-compensation value of time delay and frequency offset during a transmission time interval is expected. 
In order to solve the problem of frequency drift in UL transmission caused by the low cost crystal oscillations, UL Gap is introduced in Rel-13 NB-IoT. During the UL Gap the UE can correct the frequency drift by its implementation. In the existing specifications, the transmission gap of 40ms is inserted after a period of continuous PRACH and/or PUSCH transmission.
For NPUSCH transmission [36.211]:
	

After transmissions and/or postponements due to NPRACH of  time units, for frame structure type 1, a gap of  time units shall be inserted where the NPUSCH transmission is postponed. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap.


For PRACH transmission [36.211]:
	



NPRACH transmission can start only  time units after the start of a radio frame fulfilling . For frame structure type 1, after transmissions of  time units for preamble formats 0 and 1, or  time units for preamble format 2, a gap of  time units shall be inserted.


We can consider using the existing transmission gap to update the pre-compensation value of time delay and frequency offset during the repetitions. In order to adapt to the rapid time-frequency offset changes in the satellite communication scenario, the transmission gap in the existing protocol needs to be further enhanced, such as reducing the period/length.
Proposal 6: Updates on the pre-compensation value of time delay and frequency offset during the repetitions should be considered in UL transmission.

Conclusion
As summary, we have the following proposals.
Proposal 1: Reuse UL timing compensation mechanism of NTN WI in IoT NTN.
Proposal 2: Reference point for autonomous acquisition of the TA at UE is located at the satellite.
Proposal 3: Both open and closed control loops are supported in connected mode for IOT NTN.
Proposal 4: Reuse frequency compensation mechanism of NTN WI in IoT NTN.
Proposal 5: In IOT NTN, the reference point for frequency synchronization is located at the satellite.
Proposal 6: Updates on the pre-compensation value of time delay and frequency offset during the repetitions should be considered in UL transmission.
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