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Introduction
In RAN#86, a new study item on NB-IoT/eMTC support for non-terrestrial networks was approved with the following RAN1 objectives [1]:

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]
In this contribution, we will focus on necessary changes to extend NB-IoT/eMTC to a non-terrestrial environment in terms of time and frequency adjustment in the second objective.
Discussion
A new SID on NB-IoT/eMTC device support for non-terrestrial networks was approved in RAN#86 to provide IoT operation to remote areas with low or no cellular connectivity. It is expected that such enhancements will support a broad range of industries, including transportation, farming, mining etc.
As described in the NB-IoT/eMTC study item description, non-terrestrial deployment scenarios under consideration consist of both LEO and GEO orbits with transparent payload. GEO deployments are characterized by large propagation delay and cell size, however stationary and approximately fixed relative to a point on earth. Though propagation delay and cell size is less in LEO deployments, satellites move relative to a fixed point on earth with cells either moving along the ground, or fixed via e.g. beam steering techniques.  
Key modifications to enable terrestrial deployments are therefore enhanced time compensation techniques to accommodate greatly increased propagation delay, and enhanced frequency compensation due to fast moving LEO satellites. Specific values relevant for this contribution are included in Table 1 for reference, however a full description of NR NTN reference scenario parameters is found in Table 4.2-2 in TR 38.821 [2].

Table 1 [2]: Relevant reference parameters for max RTD and Doppler shift.
	Max Round Trip Delay (propagation delay only)
	541.46 ms (service and feeder links)

	25.77 ms (600km)
41.77 ms (1200km)



	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21ppm(1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000045 ppm/s 
	0.27ppm/s (600km)
0.13ppm/s(1200km)



UL timing synchronization
Mechanisms for time compensation in non-terrestrial networks are currently under discussion in RAN1 for the Rel-17 NR NTN WI. So far, in NTN, two options have been identified and discussed for timing synchronization as following and the Option 1 has been agreed in RAN1 #103-e: 
· Option 1: UE obtains location information for both the UE (via GNSS) and satellite (via satellite ephemeris), and estimates the delay using UE-satellite distance. 
· Option 2: utilizes the IE referenceTimeInfo-r16 in SIB9 to provide a timestamp of when the SIB leaves the gNB. Upon reception, the UE compares its current GNSS timing to that provided in the timestamp, providing an estimate of the full RTD between the UE and gNB. An illustration of the delay components of each solution is provided in Figure 1.
Referring to SID, GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. Given the fundamental importance of satellite ephemeris in many different aspects of NR NTN such as pre-compensation, cell (re)selection and mobility, it is assumed that ephemeris data will also be available when supporting NB-IoT/eMTC.
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Figure 1: Illustration of GNSS-assisted TA acquisition solutions based on RAN1 agreements
The NR IE referenceTimeInfo-r16 in SIB9 was introduced in the Rel-16 IIoT work item to support the tight synchronization requirements of time sensitive communications (TSC). Although not as precise (i.e., granularity of 25 micro seconds vs nanoseconds), an analogous IE ReferenceTime-r15 can be found in SystemInformationBlockType16-NB. 
Therefore, it appears that both general solutions for timing advance can be adapted to the NB-IoT/eMTC case. However, the time-stamp based (i.e., Option 2) has a couple of drawbacks. First, a different solution has to be used for time sync and frequency sync. A unified solution which supports both time and frequency sync would be much simpler. Second, it requires a tight interaction between GNSS module and IoT/eMTC module which may require higher implementation complexity and standards effort which seems to be more significant for the low complexity IoT/eMTC devices. Third, it requires additional time stamp broadcast which increases signaling overhead unnecessarily. From these observations, it is straightforward to use the same option (i.e., use location information of UE and gNB) for TA acquisition.
Proposal 1: The location-based timing compensation technique agreed in NR NTN is adopted for NB-IoT/eMTC.

UL frequency synchronization
As similar to UL time offset compensation, two options have been identified and discussed in Rel-17 NTN WI:
· Option-1: UE-specific frequency offset estimation/pre-compensation is done at UE side based on DL RS, UE location, and satellite ephemeris
· Option-2: Required frequency offset for UL frequency compensation is indicated by the network
The support of at least the Option-1 has been agreed in RAN1 #103-e for NTN. However, the Option-2 seems to be more appropriate for NB-IoT/eMTC UEs since the estimated frequency offset from downlink signal is not reliable as a UE may not be able to separate frequency offset due to local oscillator and Doppler shift especially for the low complexity UEs.
Therefore, the network indication of the required frequency offset for UL frequency compensation seems to be a reasonable option for NB-IoT/eMTC UEs.
Proposal 2: For UL frequency offset compensation, network indicates the required frequency offset to be compensated for UL transmission is supported for NB-IoT/eMTC.
Summary
In this contribution, we discussed on time and frequency synchronization for IoT NTN. Based on the discussion, we propose following: 

Proposal 1: The location-based timing compensation technique agreed in NR NTN is adopted for NB-IoT/eMTC.
Proposal 2: For UL frequency offset compensation, network indicates the required frequency offset to be compensated for UL transmission is supported for NB-IoT/eMTC.
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