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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 possible enhancements on UL and DL synchronisation for NB-IoT/eMTC to support NTN are discussed. 
2. Discussion
As it is stated 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. UE can derive values of frequency shift and timing advance for pre-compensation based on UE location obtained from GNSS and satellite ephemeris broadcasted by the eNB. 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.


Large time and frequency offsets are observed for both feeder link (UE-satellite) and service link (satellite-gateway) due to large distance to the satellite and high velocity of the satellite. Time and frequency offset for NTN is schematically illustrated in figure 1. 


Figure 1. Time and frequency offset for NTN
Time and frequency offset introduced in service link is different for different UEs in the deployment since it is a function of UE location. Thus, compensation of service link time and frequency offset for UL transmission should be done at the UE side based on UE location (from GNSS) and satellite ephemeris (broadcasted by the eNB). 
Feeder link time and frequency offset is common for all the UEs in the deployment and can be post-compensated at the eNB for UL. Alternatively, feeder link time offset can be broadcasted by the eNB and pre-compensated at the UE side for UL transmission. This will allow operation of deployment with aligned UL and DL timing at the eNB. Compensation of feeder link frequency offset at the UE side may be problematic for some cases due to the fact that for transparent payload deployments different frequency bands can be used for feeder link and service link. 
Proposal 1: 
· Time and frequency offset introduced in service link is pre-compensated by the UE for UL transmission based on UE location (from GNSS) and satellite ephemeris (broadcasted by the eNB)
· The following options are considered for compensation of time offset introduced in feeder link for UL transmission
· Post-compensation at the eNB side
· Pre-compensation at the UE side
· Compensation at the gateway side should be used for frequency offset introduced in feeder link for UL and DL transmission
In order to support the pre-compensation of time offset introduced in feeder link for UL, indication of the feeder link time offset should be supported. It can be done by broadcasting common TA value and common TA drift rate. Alternatively, indication of reference point for pre-compensation can be considered. In this case UE can determine common TA based on the distance between satellite and reference point and update it autonomously.
Proposal 2: 
· If pre-compensation of time offset introduced in feeder link for UL is used, at least one of the following options should be supported
· Broadcasting of common TA and common TA drift rate
· Broadcasting of reference point for common TA calculation
For NTN non-GEO deployments with moving beams, frequent beam change is required even if the UE is stationary. If frequency reuse is deployed in such scenario then different beams are using different frequency for transmission and reception as it is schematically illustrated in figure 2. 


Figure 2. NTN deployment with frequency reuse
Since some physical layer-based solution for beam change are not supported for LTE (like beam management and BWP switching in NR), beam change should be discussed assuming existing eMTC and NB-IoT features (e.g. multi-carrier operation, mobility). For example, different beams with different carrier frequency can represent different carriers for multi-carrier operation. 
Since different beams are serving separate geographical areas the synchronization signals and PRACH should be transmitted in every carrier for this case. Carrier with synchronization signals for NB-IoT is called anchor carrier. The number of anchor carrier is limited in existing NB-IoT specification. In order to support scenario with frequency reuse and non-GEO satellite deployment with moving beams increased number of anchor carriers for multi-carrier operation in NB-IoT can be considered.
Proposal 3: 
· Enhancements for non-GEO satellite deployment with moving beams and frequency reuse should be discussed assuming existing features of eMTC and NB-IoT (e.g. multi-carrier operation and mobility)
· Increased number of anchor carriers for NB-IoT multi-carrier operation can be considered
In the SID [1] it is stated that GNSS is used for UL synchronisation. Also, it is stated that simultaneous operation of NB-IoT/eMTC module and GNSS module is not assumed. Thus, GNSS measurements should be performed when NB-IoT/eMTC module is inactive (e.g. in DRX or before initial access). In our view it can be assumed by RAN1 that a UE in has valid GNSS measurements available for UL synchronization. If needed, the GNSS measurement gaps and relevant features (e.g. timers) can be discussed in RAN2 considering existing functionality (e.g. DRX). 
Proposal 4: 
· It is assumed by RAN1 that a UE in has valid GNSS measurements available for UL synchronization
· No need to discuss GNSS measurement window in RAN1
3. Conclusion
In this contribution aspects related to enhancements for NB-IoT/eMTC NTN were discussed. The following proposals are made.
Proposal 1: 
· Time and frequency offset introduced in service link is pre-compensated by the UE for UL transmission based on UE location (from GNSS) and satellite ephemeris (broadcasted by the eNB)
· The following options are considered for compensation of time offset introduced in feeder link for UL transmission
· Post-compensation at the eNB side
· Pre-compensation at the UE side
· Compensation at the gateway side should be used for frequency offset introduced in feeder link for UL and DL transmission
Proposal 2: 
· If pre-compensation of time offset introduced in feeder link for UL is used, at least one of the following options should be supported
· Broadcasting of common TA and common TA drift rate
· Broadcasting of reference point for common TA calculation
Proposal 3: 
· Enhancements for non-GEO satellite deployment with moving beams and frequency reuse should be discussed assuming existing features of eMTC and NB-IoT (e.g. multi-carrier operation and mobility)
· Increased number of anchor carriers for NB-IoT multi-carrier operation can be considered
Proposal 4: 
· It is assumed by RAN1 that a UE in has valid GNSS measurements available for UL synchronization
· No need to discuss GNSS measurement window in RAN1
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