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1. Introduction
At the 3GPP TSG RAN meeting #86 new study item (SI) on NB-IoT/eMTC support for Non-Terrestrial Network (NTN) was approved in [1]. This SI aims to evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC NTN. One of the objectives which is related to RAN1 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 [2] including the following items.
· Aspects related to random access procedure/signals
· Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication
· Timing offset related to scheduling and HARQ-ACK feedback
· Aspects related to HARQ operation
In this contribution some possible enhancements for NB-IoT/eMTC to support NTN are discussed including UL synchronization, timing relationships and HARQ feedback. 
2. Discussion
As it is described in the study item description (SID) [1] accurate UL synchronisation can be achieved by using pre-compensation of delay and Doppler for UL transmission at the UE side, where UE derives values of frequency shift and timing advance for pre-compensation based on UE location obtained from GNSS and satellite location and velocity broadcasted by the gNB. Thus, UE can calculate distance between the satellite and UE and projection of satellite velocity to direction UE-satellite. The note from the SID [1] which is related to the pre-compensation of delay and Doppler for UL transmission is captured below. 
	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.


Considering high Doppler shift and round trip delays observed for NTN without such pre-compensation capabilities at the UE some physical layer features require enhancements. According to the technical report for solutions for NR to support NTN [2] at least new PRACH sequence design and UL closed loop frequency control feature are needed in order to support NTN with NR specification. Thus, considering the above statement from the SID it is not necessary to study enhancements related to UL synchronisation without accurate pre-compensation for timing and frequency offset at the UE side.
Proposal 1: 
· Accurate UL synchronization is achieved by using pre-compensation of delay and Doppler for UL transmission based on GNSS at the UE and satellite location information broadcasted by the gNB
· Enhancements on PRACH and closed-loop UL frequency control are not needed
One important topic which which was considered for NR NTN and should be considered for NB-IoT/eMTC NTN is timing relationship. Due to large delay observed in NTN large timing advance (TA) is applied to UL transmission. In order to support large TA common slot offset should be added for some physical channels and procedures on top of the already supported slot offset value. 
For eMTC additional common slot offset Koffset is needed at least for PUSCH transmission, HARQ-ACK feedback transmission on PUCCH, aperiodic SRS transmission and CSI reference resource definition in time domain. For NB-IoT additional common slot offset Koffset is needed at least for NPUSCH format 1 and HARQ-ACK feedback on NPUSCH format 2.
Proposal 2: 
· For eMTC additional common slot offset Koffset is needed at least for PUSCH, HARQ-ACK feedback on PUCCH, aperiodic SRS and CSI reference resource definition
· For NB-IoT additional common slot offset Koffset is needed at least for NPUSCH format 1 and HARQ-ACK feedback on NPUSCH format 2
[bookmark: _GoBack]One more enhancement which was considered in NR NTN SI [2] is increased number of HARQ processes. The increased number of HARQ processes is needed to achieve high data rate with high spectral efficiency considering large delays of NTN. Typical applications for NB-IoT and eMTC does not require high data rates, furthermore, increased number of HARQ processes may lead to increased cost of devices for NB-IoT and eMTC. Thus, we propose not to consider increased number of HARQ processes for NB-IoT and eMTC NTN.
Proposal 3: 
· Increased number of HARQ processes is not considered in NB-IoT/eMTC NTN SI
3. Conclusion
In this contribution aspects related to enhancements for NB-IoT/eMTC NTN were discussed. The following proposals and observations are made.
Proposal 1: 
· Accurate UL synchronization is achieved by using pre-compensation of delay and Doppler for UL transmission based on GNSS at the UE and satellite location information broadcasted by the gNB
· Enhancements on PRACH and closed-loop UL frequency control are not needed
Proposal 2: 
· For eMTC additional common slot offset Koffset is needed at least for PUSCH, HARQ-ACK feedback on PUCCH, aperiodic SRS and CSI reference resource definition
· For NB-IoT additional common slot offset Koffset is needed at least for NPUSCH format 1 and HARQ-ACK feedback on NPUSCH format 2
Proposal 3: 
· Increased number of HARQ processes is not considered in NB-IoT/eMTC NTN SI
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