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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. The outcome of the SI is captured in the TR 36.763. At the RAN#92-e new work item (WI) on NB-IoT and eMTC NTN (IoT-NTN) was agreed in [2]. In the work item description it was agreed that outcomes of NR NTN WI discussions is reused as much as possible for the following topics.
· UE pre-compensation including ephemeris format (orbital / Position -Velocity)
· UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 
· Timing advance formula (granularity of the timing advance may be different)
· Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state
Also, the following IoT-specific topics are considered for the new WI.
· Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.
· Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
· DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 
· GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission
In this contribution enhancements on UL and DL synchronisation for NB-IoT/eMTC to support NTN are discussed including the topics listed above. 
2. Discussion
Common TA was introduced for NR NTN and at the last meeting it was agreed to support Common TA for IoT NTN. Furthermore, for NR NTN Common TA drift rate indication was agreed at the last RAN1 meeting, which is required to support deployments with UL and DL timing aligned at the eNB. In our view indication of Common TA drift rate shall be supported for IoT-NTN (both eMTC and NB-IoT). On top of it, support of 2nd derivative of the Common TA can be considered to further reduce the update rate for Common TA-related parameters. As an alternative solution indication of refence point for Common TA calculation can be considered. In this case changes in the Common TA can be predicted based on satellite ephemeris and reference point location which allows to significantly reduce the update rates. 
Proposal 1: 
· Common TA may include parameter(s) indicating timing drift
· In addition, indication of Common TA 2nd order derivative can be considered
· Alternately, indication of reference point location can be used to calculate Common TA
One of the issues which is specific to NB-IoT is related to the channel raster. Due to large Doppler shift  with the existing NB-IoT channel raster the ARFCN value is ambiguous. The following alternatives are considered in the TR 36.763 to solve that issue.
· New Channel raster with a step size increased to be greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB
In our view both solutions are able to solve the issue of ARFCN ambiguity. The solution based on increased channel raster step size may lead to reduced number of NB-IoT carriers if bandwidth is a limiting factor for NTN NB-IoT deployments. Number of carriers shall be selected to have sufficient number of NB-IoT carriers considering UE complexity for DL synchronization. However, there is no information so far on the allocated bandwidth for IoT-NTN. Solution based on increased step size for channel raster is simpler from the implementation perspective and requires less standardization efforts. Thus, we slightly prefer to support new channel raster with a step size increased to be greater than 100 kHz to solve the issue of ambiguous ARFCN for IoT-NTN.
Proposal 2: 
· Solution based on channel raster with a step size increased to be greater than 100 kHz for NB-IoT NTN should be supported if there are no issues with the number of NB-IoT carriers
In order to reduce UE complexity for DL synchronization pre-compensation of common Doppler shift for DL transmission can be used. In order to make sure that there is no additional errors for UL carrier frequency the value of applied pre-compensation shall be indicated to the UE. The detailed indication design is under discussion in NR NTN. For IoT-NTN the same principles can be reused after the solution for DL Doppler shift pre-compensation is agreed for NR NTN.
Proposal 3: 
· Support Common Doppler pre-compensation for DL
· Indication of Common Doppler pre-compensation should follow design agreed for NR NTN
For IoT-NTN it is assumed that simultaneous operation of GNSS module and IoT modem is not possible. In this case UE needs to perform GNSS position fix before initial access. To update GNSS information UE can turn off IoT modem in the existing gaps (e.g. in DRX inactive period) or new gaps for GNSS measurements shall be introduced. In our view network can make sure that the UE has possibility to update GNSS measurements by using existing eMTC/NB-IoT features. If, despite of that, UE GNSS position is out of date, UE can interrupt IoT operation and declare RLF. In order to avoid UL interference, before commencing an UL transmission, the UE shall ensure it has a GNSS position fix that is valid for the duration of that UL transmission.
Proposal 4: 
· Rely on UE implementation for GNSS validity
· Before commencing an UL transmission, the UE shall ensure it has a GNSS position fix that is valid for the duration of that UL transmission
· If UE GNSS measurements are not valid UE declares RLF
At the last RAN1 meeting the following agreement was made on validity of UL synchronization for IoT-NTN.
	Agreement:
The validity timer of UL synchronization is configured by the network
· FFS: Whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters


In our view the same validity timer can be used for Common TA and satellite ephemeris. Regarding the associated UE behavior if the UE does not update system information within the validity timer duration, this event is unlikely to happen for a reasonable UE implementation (i.e. if UE reads SI in time). Thus, there is no need to optimize the system for that case. So, some simple solution can be selected to handle the case where UE has outdated GNSS position. For example, RLF can be declared by the UE, UE shall reacquire the SI and reconnect the network. Thus, there is no need for eNB to be aware of the state of the validity timer (i.e. particular time instances where timer starts/restarts/ends).
Proposal 5: 
· The following is supported for validity timer
· Validity timer for satellite ephemeris and Common TA are the same
· If UE doesn’t read the satellite ephemeris/Common TA within the validity timer duration it declares RLF
· There is no need for eNB to be aware of state of the validity timer at the UE
3. Conclusion
In this contribution aspects related to enhancements for NB-IoT/eMTC NTN synchronization were discussed. The following proposals are made.
Proposal 1: 
· Common TA may include parameter(s) indicating timing drift
· In addition, indication of Common TA 2nd order derivative can be considered
· Alternately, indication of reference point location can be used to calculate Common TA
Proposal 2: 
· Solution based on channel raster with a step size increased to be greater than 100 kHz for NB-IoT NTN should be supported if there are no issues with the number of NB-IoT carriers
Proposal 3: 
· Support Common Doppler pre-compensation for DL
· Indication of Common Doppler pre-compensation should follow design agreed for NR NTN
Proposal 4: 
· Rely on UE implementation for GNSS validity
· Before commencing an UL transmission, the UE shall ensure it has a GNSS position fix that is valid for the duration of that UL transmission
· If UE GNSS measurements are not valid UE declares RLF
Proposal 5: 
· The following is supported for validity timer
· Validity timer for satellite ephemeris and Common TA are the same
· If UE doesn’t read the satellite ephemeris/Common TA within the validity timer duration it declares RLF
· There is no need for eNB to be aware of state of the validity timer at the UE
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