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Introduction
Non-terrestrial networks (NTN) refer to networks, or segments of networks, using a spaceborne vehicle for transmission. Rel-17 NTN aims for transparent payload-based LEO scenario that provides service for at least 3GPP class 3 user equipment (UE) with Global Navigation Satellite System (GNSS) capability.
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[bookmark: _Ref32653486]Figure 1: Illustration of the NTN network with a LEO satellite of transparent payload at orbit 600 km.
Figure 1 gives an illustration of a LEO-600 with transparent-payload deployment. In the figure, 
· the feeder link refers to a radio link between the satellite and the gNB, 
· the service link refers to a radio link between the satellite and the UE, and
· the satellite beam refers to a beam generated by an antenna onboard a satellite. A diameter of a satellite beam has been considered with a range from 50 km to 1000 km, making impacts on maximum differential delay among UEs in service.
Discussion
Reference time information
The reference time information is used to support strict synchronization accuracy requirements of Time Sensitive Communications (TSC) applications. In Rel-16 NR, the gNB may signal 5G system time reference information to the UE using unicast or broadcast RRC signalling via SIB9 with a granularity of 10 ns. The UE may use the parameters provided in this system information block to obtain the UTC, the GPS, and the local time for numerous purposes, e.g. to assist GPS initialisation, to synchronise the UE clock.
Note that there is no notification for changes of this information to UEs. The reference time information is excluded when determining changes in system information, i.e. changes of the information should neither result in system information change notifications nor a modification of a value tag in System Information Block 1 (SIB1).
In NTN, due to a large propagation delay, a UE may use the reference time information, or so-called time stamp, for delay estimation and compensation. 
[bookmark: _Toc47682487]Reference time information is beneficial for propagation delay estimation and compensation.
Delay estimation and compensation
In Rel-16 NR, the uplink transmission timing is typically controlled by NW using regularly providing time adjustment command. Before preamble transmission of initial access, there is no such timing control in operation. Rather, UE determines the preamble transmission timing based on the received timing of an acquired SS block (SSB). Consequently, there will be an uncertainty in the preamble reception timing of at least two times the maximum propagation delay within the cell. 
In Rel-17 NTN, due to the large propagation delay, the uncertainty of preamble reception timing may degrade RACH capacity dramatically. To handle this, the UE may estimate and compensate the propagation delay by NW assistant information, e.g., satellite ephemeris (Kbytes), or reference time information (99 bits). 
[bookmark: _Toc47682488]Rather than satellite ephemeris information that needs Kbytes, reference time information may only require 99 bits.
If the reference time information is provided, the delay estimation may be done by the following steps
1) GNSS-based timing synchronization to adjust a UE internal clock and obtain current coordinated universal time (UTC)
2) Cell search upon SSB, obtain MIB, SIB1 and SIB9
3) Read a timestamp in SIB9 and compare with the UTC at the end of the SI-window where SIB9 is transmitted to calculate the propagation delay
[bookmark: _Hlk41048456]where the GNSS-based timing synchronization refers to clock synchronization between the UE internal clock and at least 4 atomic clocks on GNSS satellites. This provides precise operation time and frequency. 
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Figure 2: Illustration of delay estimation with a time stamp delivery in SIB9 for NTN.
Figure 2 shows how the delay estimation works with a timestamp in SIB9. In the figure, the GNSS clock is used to be a reference clock for both the UE and the gNB. 
· With the reference clock, the UE may first synchronize to the GNSS clock to acquire current UTC and accurate operation frequency, then synchronize to NW clock by receiving SSB and DL reference signals.
· With the reference clock, the gNB may not need to synchronize to the GNSS clock, the gNB may only use the reference clock to broadcast a timestamp in the system information (SI), e.g. SIB9, indicating the timing that SIB9 is transmitted. 
After the UE receives the SIB9, the timestamp can be used by the UE to estimate the propagation delay. The UE requests the receiving time for the timing indicated by SIB9 from the GNSS receiver and reads the timestamp carried by SIB9 to obtain the transmitting time from the gNB. As a result, the time difference between the transmission and the reception may be used as the propagation delay estimation.
With the delay estimation, the delay compensation may be done by the following steps
1) Calculate a timing offset, e.g., by 2 times of the delay (assume the same delay on UL and DL)
2) Send a PRACH preamble in advance of a selected PRACH occasion based on the timing offset
If the compensation is accurate enough, NW can measure the timing misalignment of the received PRACH preamble and then adjust UL transmission timing by proving time adjustment command in the random-access response (RAR) message. The accuracy requirement is from few microseconds to 2 milliseconds (ms):
· If the accuracy is within the half of Cyclic Prefix (CP) length of the PRACH preamble, e.g., 51.6  when PRACH format 0 is used, the gNB may implement a single FFT window for processing the PRACH reception without additional complexity.
· If the accuracy is within 2 ms, the gNB may still be able to adjust the timing misalignment by the RAR message if subcarrier spacing (SCS) configuration is equal to 15 kHz. However, the PRACH reception may require multiple FFT windows for processing the PRACH reception.
· If the accuracy is beyond 2 ms, NW may lose UL timing control and inter-UE interference occurs.
[image: ]
Figure 3: the procedure of the delay compensation and NW transmission timing control
Figure 3 shows a signalling chart, where GNSS rec. means GNSS receiver, GNSS sat. refers to GNSS satellite, GNSS ref. time denotes UCT when the time stamp is received, TA first acquisition is the timing offset obtained by the delay estimation, and RAR refers to the RAR message that carries the TA adjustment command to UE. The UE determines the initial TA via reference timing by the GNSS receiver and the NTN gNB, uses the value for preamble transmission in PRACH, and then adjusts the TA value after receiving the RAR message.
Potential issues
If the reference time information is used for the PRACH transmission in NTN, then reusing the legacy initial access procedure may have some issues, e.g., 
· Determination of valid RACH occasions may need some enhancement if the initial TA is needed for a PRACH transmission in advance of a RO.
· SIB9 is not designed for initial access. This is because SIB9 belongs to Other system information (OSI) that is configured via SIB1 and has a minimum periodicity of 80 ms. To enable the OSI for initial access, some enhancement may be needed.
[bookmark: _Toc47682490]Reference time information shall be considered in Rel-17 NTN.
Conclusion
In this contribution, we have the following observations
Observation 1	Reference time information is beneficial for propagation delay estimation and compensation.
Observation 2	Rather than satellite ephemeris information that needs Kbytes, reference time information may only require 99 bits.
Based on these observations, we have the following proposals
Proposal 1	Reference time information shall be considered in Rel-17 NTN.
Reference
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