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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
The following agreements were made for NR NTN on timing and frequency pre-compensation at the UE.
	Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network
Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· Option 2: The User specific TA  is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)
Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.
Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
· FFS: Operation of closed loop and open loop TA control


From the above agreements it can be seen that calculation of timing and frequency for pre-compensation at the UE is supported and based on UE GNSS position and satellite ephemeris for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states. Also, the User specific TA is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network is considered in one of the agreements but it is not agreed if it should be supported by the in all the states. Thus, we propose to make the following agreement for IoT-NTN
Proposal 1: 
· In Rel-17 IoT-NTN, at least support UE which can compute timing and frequency based on its GNSS position and serving satellite ephemeris signaled by the network and apply timing advance and frequency adjustment in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED modes
· FFS: UE which can derive timing and/or frequency based on a reference time and frequency from GNSS and timestamp indication and reference signal transmission from a eNB
In one of the agreements above support of Common TA indicated by the network is introduced. This additional TA is needed in order to align or reduce the difference between DL and UL timing at the eNB. We propose to support this parameter for IoT-NTN. Also, in order to enable support of deployments with aligned UL/DL timing at the eNB additional features to reduce the overhead for Common TA update can be further considered (e.g. indication of Common TA drift rate, indication of reference point for Common TA calculation at the UE).
Proposal 2:
· Support Common TA indication by the network 
· FFS: granularity of Common TA
· Consider features for Common TA update overhead reduction to enable deployment with aligned DL/UL timing at the eNB
· Indication of Common TA drift rate
· Indication of reference point for Common TA calculation at the UE
The following agreements were made for NR NTN WI on satellite ephemeris indication format. 
	[bookmark: _Hlk63432430]Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
· FFS: Whether down-selection is needed or both options are supported
Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported
Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.


Since both options for satellite ephemeris format are supported for NR NTN we propose to support it for IoT-NTN.
Proposal 3: 
· Support serving-satellite ephemeris broadcast based on the following
· Set 1: Satellite position and velocity state vectors (position/velocity)
· Position X,Y,Z in ECEF (m)  
· Velocity VX,VY,VZ in ECEF (m/s)
· Set 2: Parameters in orbital parameter ephemeris format
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
The following conclusions were captured to Chairman’s Notes for NR NTN on some important assumption for UL and DL synchronisation.
	Conclusion:
· The orbital propagator model to be used at UE side can be left to implementation.
Conclusion:
· The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.


[bookmark: _Hlk79177645]We propose to follow the above assumptions for IoT-NTN.
Proposal 4: 
· The following is assumed for IoT-NTN unless additional relevant agreements are made
· The orbital propagator model to be used at UE side can be left to implementation
· The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Rel. 17
The following agreement was made for TA update in RRC_CONNECTED state for NR NTN.
	Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
· FFS: Details of the combination of open and closed loop TA control


We propose to reuse the above agreement for NR NTN. 
Proposal 5: 
· For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for IoT-NTN
One of the issues which is specific to NB-IoT is related to the channel raster. Due to large Doppler shift 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 New Channel raster with step size equal to at least 100 kHz can also help to avoid interference of DL signals transmitted in adjacent channels by two different LEO satellites with positive and negative Doppler shift values respectively. Thus, we 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 6: 
· Support new Channel raster with a step size increased to be greater than 100 kHz for NB-IoT NTN
Another issue which is specific to IoT-NTN is long UL transmission. Due to rapidly changing delay and Doppler characteristics for NTN with non-GEO satellite, UL synchronization may break during long UL transmission for IoT-NTN. This may lead to performance degradation and reduced coverage of IoT devices for non-GEO NTN deployments. In order to solve that issue additional gaps may be required to update timing advance and frequency pre-compensation value. In order to decide if the additional gaps are needed and discuss detailed parameters RAN1 shall agree on basic assumption for pre-compensation during long UL transmission. In our view it is important to understand if it is possible to pre-calculate Doppler and delay value for pre-compensation on the duration of the long UL transmission and whether it can be done with sufficient accuracy without GNSS measurements and/or satellite ephemeris updates. In our view, considering the satellite ephemeris update rates and UE velocity and acceleration it is possible to do so. 
Proposal 7: 
· It is assumed that UE can predict the Doppler/Delay variation during long UL transmission with sufficient accuracy 
· GNSS measurements and/or satellite ephemeris updates are not needed during the time of transmission
Support of validity timer for satellite ephemeris is considered in the objectives of the newly introduced WI for IoT-NTN [2]. However, since the details of the signalling design for satellite ephemeris are not yet clear it is too early to conclude that such timer is required. Moreover, since the detailed signalling design for satellite ephemeris should be discussed in RAN2 in our view it is better to discuss validity timer for satellite ephemeris in RAN2.
Also, validity of GNSS position fix is considered in the WID [2]. In our view GNSS position fix is highly related to UE implementation; thus, it is hard to specify particular assumption in RAN1. Hence, validity of GNSS position fix should be up to UE implementation or controlled by RAN4 requirements/conformance tests.
Proposal 8: 
· The need for validity timer depends on the signaling design for satellite ephemeris; support of validity timer should be discussed in RAN2
· Validity of GNSS position fix is up to UE implementation and/or RAN4 requirements/conformance tests
3. Conclusion
In this contribution aspects related to enhancements for NB-IoT/eMTC NTN synchronization were discussed. The following proposals are made.
Proposal 1: 
· In Rel-17 IoT-NTN, at least support UE which can compute timing and frequency based on its GNSS position and serving satellite ephemeris signalled by the network and apply timing advance and frequency adjustment in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED modes
· FFS: UE which can derive timing and frequency based on a reference time and frequency from GNSS and timestamp indication and reference signal transmission from a eNB
Proposal 2:
· Support Common TA indication by the network 
· FFS: granularity of Common TA
· Consider features for Common TA update overhead reduction to enable deployment with aligned DL/UL timing at the eNB
· Indication of Common TA drift rate
· Indication of reference point for Common TA calculation at the UE
Proposal 3: 
· Support serving-satellite ephemeris broadcast based on the following
· Set 1: Satellite position and velocity state vectors (position/velocity)
· Position X,Y,Z in ECEF (m)  
· Velocity VX,VY,VZ in ECEF (m/s)
· Set 2: Parameters in orbital parameter ephemeris format
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
Proposal 4: 
· The following is assumed for IoT-NTN unless additional relevant agreements are made
· The orbital propagator model to be used at UE side can be left to implementation
· The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Rel. 17
Proposal 5: 
· For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for IoT-NTN
Proposal 6: 
· Support new Channel raster with a step size increased to be greater than 100 kHz for NB-IoT NTN
Proposal 7: 
· It is assumed that UE can predict the Doppler/Delay variation during long UL transmission with sufficient accuracy 
· GNSS measurements and/or satellite ephemeris updates are not needed during the time of transmission
Proposal 8: 
· The need for validity timer depends on the signalling design for satellite ephemeris; support of validity timer should be discussed in RAN2
· Validity of GNSS position fix is up to UE implementation and/or RAN4 requirements/conformance tests
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