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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1 e-meeting [1][2], the following agreements on other aspects of NR-NTN were achieved.
	Agreement:
Same beam layout in BWP#0 and BWP#x (Option 1) and hierarchical beam for BWP#0 (Option 2) should be supported by the specifications for NR-NTN.
· FFS: Whether any specification changes are needed specifically to support this functionality
Agreement:
For explicit indication of polarization information for DL by the network, support indication in SIB
· FFS: Signaling details for indication in SIB
Agreement:
· Polarization information for UL may be indicated in SIB by the network
· UE assumes a same polarization for UL and DL, when the UL polarization information is absent.
· FFS: Signaling details for indication in SIB
Agreement:
When polarization signalling is present in SIB
· SIB indicates DL and/or UL polarization information using respective polarization type parameters to indicate: RHCP or LHCP or linear
· FFS: whether polarization signalling is per SSB


In this contribution, we provide our views on DL frequency synchronization  in NTN based on the results of our recent on-orbit test.
2. DL frequency synchronization
2.1. Large frequency offset pre-compensate
Due to the high dynamic characteristics of satellite communication, time-varying large Doppler frequency offset is inevitable. Too large frequency offset will seriously affect the synchronization performance and demodulation performance. Therefore, the compensation of large frequency offset is a very important step in satellite communication. For DL, if the compensation of large frequency offset is carried out at the UE end, the received signal of large frequency offset will inevitably affect the synchronization performance, and the resulting timing offset will seriously affect the demodulation performance. Therefore, we believe that large frequency offset pre-compensation from the gateway station is a better choice. Because the gateway station can accurately obtain the ephemeris information of the satellite in advance, the Doppler frequency shifts of the user link and the feed link can be calculated in advance according to the satellite orbit information, and the sum of the two is all the Doppler frequency shifts that need to be pre-compensated in the downlink.
[image: ]
Figure 1. Variation of doppler shift during the Satellite transit
The transmitter can complete the large frequency offset compensation for the downlink by applying a reverse phase shift to the signal according to the frequency offset value calculated in advance.
Proposal 1: Support to pre-compensate the large frequency offset by Gateway station
2.2 Residual frequency offset compensation
Although the method of pre-compensation at the transmitter is adopted, there will still be residual frequency offset at the receiver. Considering the sensitivity of OFDM system to frequency offset, frequency offset will destroy the orthogonality between subcarriers in OFDM symbol and cause inter subcarrier interference. System performance will be seriously affected. Even a small frequency offset has a great impact on the performance of OFDM system. In addition, inter subcarrier interference will act on the reference signal at the same time, resulting in wrong channel estimation and channel equalization at the receiver, which further affects the system performance. In order to avoid inter subcarrier interference caused by residual frequency offset, we believe that residual frequency offset compensation is needed at the receiver 
Observation1：Residual frequency offset will seriously affect the demodulation performance
Proposal 2: Support to compensate the Residual frequency offset by Receiver
2.3 Granularity of  pre-compensation
Because the satellite speed is time-varying, the pre-compensation granularity is another problem worth discussing. If the pre-compensation granularity is too large, the compensated frequency offset will be inaccurate, and there will still be a large residual frequency offset at the receiver. When the residual frequency offset is greater than half of the subcarrier interval, the performance of the receiver will be seriously degraded; If the pre-compensation particle is too small, it will waste a lot of computing resources and do not meet the design criteria of energy saving. Therefore, appropriate pre-compensation granularity is very important.
Considering the residual frequency offset compensation algorithm adopted by the receiver, when the residual frequency offset is greater than half of the subcarrier interval, the demodulation performance will be seriously degraded. Therefore, the maximum granularity of pre-compensation should not make the maximum residual frequency offset exceed half of the subcarrier interval.


We use to denote the pre-compensation granularity, and  denote the error of pre-compensation, then, The relationship between the above two variables can be deduced by the following formula

                                                                                                      (2-1)
Where:

denotes the elevation of the satellite.

 denotes the carrier frequency of the signal.

 denotes the angular velocity of the satellite.

 denotes the velocity of the satellite.

 denotes the light speed.
The following figure is the time-varying curve of frequency offset pre-compensation error under different pre-compensation granularity calculated according to the real track parameters of a test.
[image: ]
Figure 2. Variation of residual frequency offset with time
By making the pre-compensation error less than half of the subcarrier interval, we can obtain:

                                                          
Where SCS is the Subcarrier spacing of the transmitted signal.
When the above conditions are met, the pre-compensation residual can be further compensated by the frequency offset compensation algorithm at the receiver, but the above formula only gives the upper bound of the pre-compensation granularity. With the decrease of pre-compensation granularity, the residual of frequency offset compensation will be further reduced, and the synchronization success rate of the system will be improved. Therefore, the relationship between pre-compensation granularity and performance needs to be further studied. In addition, due to the slow change rate of Doppler frequency shift at low elevation, the change rate during zenith crossing is faster. Therefore, the pre-compensation method with variable granularity can be adopted, with a larger pre-compensation particle size at low elevation and a smaller pre-compensation particle size at high elevation.
Observation 2: Maximum granularity of pre-compensation should not make the maximum residual frequency offset exceed half of the subcarrier interval.
Proposal 3:Support variable granularity for pre-compensation at the Gateway 

3. Conclusion
In this contribution, we analyze and discuss the potential solutions on frequency pre-compensation, and have the following observations and proposals: 
Observation1：Residual frequency offset will seriously affect the demodulation performance
Observation 2: Maximum granularity of pre-compensation should not make the maximum residual frequency offset exceed half of the subcarrier interval.
Proposal 1: Support to pre-compensate the large frequency offset by Gateway station
Proposal 2: Support to compensate the Residual frequency offset by Receiver
Proposal 3:Support variable granularity for pre-compensation at the Gateway 
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