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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network [1]. The objectives of the SI for physical-layer are reported as follows. 
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
One target is to evaluate the performance of NR in selected deployment scenarios through link level simulations. For LEO, large Doppler shift is a challenge in NTN networks. Whether the current sequence and reference signal design of meets the NR design requirements in NTN channel characteristics need to be verified. In this document, we will present some preliminary studies on DL synchronization and central frequency tracking for LEO based access. 

[bookmark: _Ref129681832]Discussion
DL synchronization includes two aspects: timing synchronization and central frequency tracking. In order to receive information from the base station, a UE need to be well synchronized to the transmitted signal.  Generally, PSS is used for cell detection and the initial timing and frequency evaluation. Other reference signals/sequences can be used to achieve accurate timing and frequency synchronization.
1.1 Timing synchronization for terrestrial network
In terrestrial networks, the cell detection and initial symbol synchronization are implemented based on sliding window operation in time domain. At this step, a cross-correlation algorithm can be employed to find the timing position of the PSS sequence, and down-sampling may be used to reduce the detection complexity. At the next step, a fine timing tracking is realized based on PSS, SSS, PBCH DMRS or CSI-RS.
1.2 Central frequency tracking for terrestrial network
In terrestrial networks, the frequency shift at the UE side is caused by the offset of local oscillator and the Doppler shift due to the movement of the UE. Accordingly, the frequency shift seen by the UE is only a small fraction of the subcarrier spacing (SCS). Accurate frequency offset estimation can be obtained over multiple pilot symbols located in different symbols. The pilots can be either PSS, SSS, PBCH DMRS or CSI-RS.
1.3 Consideration for NTN
In LEO based NTN network, the frequency offset is dominated by the Doppler shift due to the fast moving of the LEO satellites. For satellites with orbit altitude 600km, the moving speed is about 7.6km/s, leading to a maximum Doppler shift up to 65.9kHz at 2.6GHz central frequency. Assuming subcarrier interval is 15 kHz, the maximum Doppler shift is more than 4 times of the SCS value, which far exceeds the frequency offset tolerance of the conventional cross-correlation based PSS detection algorithm. Revised detection algorithm has been proposed in [2] where a UE performs a few hypotheses based on the maximum frequency offset to find the PSS. However, the residual central frequency offset may still be much larger than that in terrestrial network even though the PSS can be successfully detected. Thus the final timing and frequency tracking performance need to be checked.

Simulations
The simulation is based on a joint timing and frequency detecting algorithm [3]. The flow chart of the algorithm is shown in Figure 1. The total central frequency offset can be denoted as a sum of the integral part and fractional part when it is normalized by the SCS value. 

The two parts of the frequency offset are evaluated sequentially. The fractional frequency offset is firstly estimated based on the CP part of the OFDM symbols via a sliding window over the received signals in time domain. Then assuming the fractional part is correctly estimated and compensated, the time domain signal is supposed to be with only integral part of the frequency offset. Finally, the cross-correlation procedure is implemented with all possible integral frequency offset values to find PSS sequence. The trial with correct integral part frequency offset is expected to present maximum correlation value.
 [image: ]
Figure 1: A joint timing and frequency offset detection algorithm
The simulation is carried out on SCS 15kHz since it is the numerology most vulnerable to the frequency offset. Doppler shift is assumed to be 65.9kHz, which is 4.4 times the SCS value. Other simulation assumptions are specified in Table I in appendix. The final frequency tracking performance based on this joint detection algorithm is also tested with a prototype consisting of a transmitter and receiver. The channel is generated by an aerospace channel emulator. The configuration of the transceiver and the channel emulator also follows the specification in Table I.
1.4 DL Timing
The PSS detection performance for AWGN channel is shown in Fig. 2. The considered joint algorithm works well in low SNR region. When SNR is larger than - 6dB, the PSS detection rate is above 0.99, and when SNR increases to - 4dB, the detection rate can reach up to 100%.
[image: ] 
Figure 2: PSS detection performance
The fine timing tracking can be implemented with several kinds of reference signals, such as PSS, SSS, PBCH DMRS and CSI-RS. For each option, the RMSE of timing errors in terms of 64xTc are shown in Fig. 3. All the considered reference signal can be used for timing tracking. Generally, timing tracking performance is better with longer sequence. 
[image: ]  
Figure 3: Timing tracking performance
1.5 Central frequency tracking
Once the PSS is successfully detected, the central frequency offset can be calculated by the summation of the integral part and the fractional part based on the joint algorithm as shown in Fig. 1. Then a conventional fine frequency tracking can be implemented based on PSS & SSS, 2-column PBCH DMRS and CSI-RS of NR. The simulation results of different options are shown in Fig. 4. Similarly, better performance is observed for longer reference sequence.
[image: ]
Figure 4: Frequency tracking performance 
The frequency tracking performance in the prototype is shown in Figure 5. The oscillators in the transmitter and receiver of the prototype are calibrated to work at the same frequency before the test, and are assumed to keep stable during the test. The residual frequency offset can be calculated based on the gap between the estimated frequency offset value at the UE and Doppler frequency offset imposed by the channel emulator. Generally, the frequency tracking performance with prototype present the same trend to that in the simulation as shown in Figure 4. All the three kinds of considered reference signal can be used to track the central frequency, and options with longer sequence provide better tracking performance. The overall performance with the prototype is slightly worse than that in the simulation, which is due to the accuracy loss by fix point number and imperfect frequency response of the RF device in the prototype.
[image: ]
Figure 5: Frequency tracking performance (prototype)

Conclusion
In this contribution, we provide some preliminary study results on DL synchronization and frequency tracking for LEO based access under AWGN. Further evaluations are needed for each considered scenario under NTN fading channels. The current observation is as follows:
Observation 1: The performance of DL timing and frequency tracking for NTN needs to be further checked based on variety of reference signals (e.g. PSS, SSS, PBCH DMRS, CSI-RS, etc) under fading channel.
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Appendix
Table I: Simulation parameters 
	CP
	160, 144
	FFT Size
	2048
	Subcarrier Spacing
	15kHz

	Reference signal
	NR PSS, SSS, PBCH DMRS, CSI-RS

	# RX/TX Antennas
	1T1R

	Channel Model
	AWGN

	Doppler shift
	65.9kHz (4.4 x SCS)
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