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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 timing relationship enhancement 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)



To adapt the terrestrial timing relationships (e.g. scheduling) to the increased propagation delay in NTN, RAN1 has agreed to include a Koffset value (proportional to at least a portion of this propagation delay) to enhance timing relationship related to scheduling PUSCH, HARQ-ACK reporting, etc.  
Although details of this Koffset value are yet to be determined and may require further modification to adapt to eMTC/NB-IoT UEs, in general a similar solution can be adopted for timing relationship enhancements.
Proposal 1: 	A Koffset value carried in system information is used to adapt timing relationship enhancements in NB-IoT/eMTC to an NTN environment.

Type-B half-duplex FDD operation has been assumed for NB-IoT/eMTC as it can further reduce the device cost. As such, the IoT devices may not be able to receive and transmit at the same time. In addition, due to low SINR range assumed for the NB-IoT/eMTC (e.g., smart sensors are located in a basement), repetition of physical channel has been used.
The use of Koffset for NB-IoT/eMTC in NTN may result in conflict between DL and UL transmission especially when a UE-specific Koffset value is used after RRC connection. When the conflict occurs, either DL or UL transmission has to be dropped as the UE is only able to receive DL or transmit UL at a time due to the HD-FDD capability.
Therefore, RAN1 has to study the potential solutions to avoid conflict or handle the conflict when Koffset is introduced for IoT NTN.
Proposal 2: Study solutions to address the potential conflict between DL and UL for HD-FDD UEs when Koffset is used.

Summary
In this contribution, we discussed on potential enhancement for timing relationship for IoT NTN. Based on the discussion, we propose following: 

Proposal 1: A Koffset value carried in system information is used to adapt timing relationship enhancements in NB-IoT/eMTC to an NTN environment.
Proposal 2: Study solutions to address the potential conflict between DL and UL for HD-FDD UEs when Koffset is used.
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