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1. [bookmark: _Ref298777854]Introduction
The Study Item (SI) on solution evaluation for NR to support non-terrestrial network (NTN) was approved in RAN #80 meeting [1], with the following three major objectives related to NTN:
· 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.

As explained in NTN SI TR 38.811 [2], NTN suffers from higher Doppler shifts on satellite links due to both satellite and UE mobility compared to terrestrial links. Also, as explained in TR 38.811, most of the Doppler shift can be mitigated either at the transmitter or at the receiver. On the uplink, the Doppler shift pre-compensation can help to maintain the orthogonality of signals of different UEs at the receiver. This contribution discusses on the Doppler sift pre-compensation on uplink of NTN.

1. Discussion
[bookmark: 3134694187906619879]
TR 38.811 [2] demonstrates that NTN transmission suffers large Doppler shift due to the orbital high-speed movement of the satellite and possibly the UE. For instance, TR 38.811 shows that for GEO satellite operating on 2 GHz, the Doppler shift for high speed trains and aircrafts could be as high as 700 Hz and 1400 Hz, respectively. These Doppler shift values are much higher than NR subcarrier spacings. The Doppler shift values are even higher for LEO satellites. 
Examples of Doppler shift with GEO and a terminal on board a High-Speed Train in opposition direction [2]
	Frequency
	2GHz
	20 GHz
	30 GHz

	Doppler shift (Hz)
	-707
	-7074
	-10612



Example of Doppler shift with GEO and a terminal on board an aircraft in opposition direction [2]
	Frequency
	2GHz
	20 GHz
	30 GHz

	Doppler shift (Hz)
	-1414
	-14149
	-21224



On the downlink of NTN, the subcarriers of the transmitter signal will maintain the orthogonality although the signal received at the UEs will suffer the Doppler shift. This Doppler shift can be post-compensated by each UE after receiving the signal on downlink. On the uplink, however, this large Doppler shift could significantly impact the orthogonality of the received OFDM signals from different UEs at the receiver. So, the pre-compensation of Doppler shift is more significant on the uplink of NTN. 
For Doppler shift pre-compensation on uplink of NTN, several assumptions are made. First of all, if the system does not have any Doppler shift pre-compensation on the downlink, a UE can measure the Doppler shift on the downlink and based on that can estimate the Doppler shift on the uplink that can be used for Doppler shift pre-compensation on the uplink. 
Observation 1: If the NTN gNB does not perform Doppler shift pre-compensation on downlink, then NTN UEs use the Doppler shift on downlink and use it to estimate the Doppler shift on the uplink for pre-compensation process. 
However, if the Doppler shift is pre-compensated on the downlink, then this approach is not very useful. Also, if the UE knows: 1) the satellite ephemeris and the satellite’s current orbital position and velocity, and 2) the UE’s position and velocity, then the doppler shift can also be calculated. This approach is independent of pre-compensation on the downlink. This requires the UE to know its location and velocity. Since the NTN UEs are outdoor, this information can be provided by GPS for NTN UEs. 
Observation 2: If an NTN UE knows its own location and velocity as well as satellite ephemeris and satellite’s position and trajectory, then the NTN UE can estimate the Doppler shift on the uplink for pre-compensation process. This may require UEs to have GPS capabilities. 
If the NTN network does not pre-compensate the Doppler shift on the downlink, and NTN UE has the location and velocity of both UE and the satellite, then the UE can use both methods to estimate the Doppler shift and then enhance the estimation for a better pre-compensation of Doppler shift on uplink. 
Observation 3: If both of the above methods are possible, the NTN UEs can use the second method (calculating the Doppler shift knowing the elevation angle, UE position/velocity, satellite position/trajectory) to estimate the Doppler shift on uplink, and then use the first method (measuring the Doppler shift based on downlink reception) as correction factor to enhance the Doppler shift on the uplink. 
It should be noted that the Doppler compensation is not part of specification, therefore, the NTN UEs should know whether the NTN gNB performs Doppler shift pre-compensation on downlink or not during the initial access process. This may be possibly done at the UE configuration level or through SIB. In any case, it is useful for NTN UEs to have knowledge of the satellite ephemeris.
Proposal 1: NTN UEs have knowledge of the satellite ephemeris.
Proposal 2: GPS capable NTN UEs with knowledge of the satellite ephemeris can predict the Doppler shift for pre-compensation on uplink.
TR 38.811[2] also discusses the Doppler shift variation for both GEO and LEO scenarios. This means that calculation of the doppler shift due to the orbital speed may not be a simple exercise especially for low cost UEs [5]. This could be a more serious problem specially for low cost UEs. Therefore, the effect of this Doppler shift variations on the Doppler shift pre-compensation error should be studied by RAN1. 
Proposal 3: RAN1 should study of the effect of errors is Doppler shift estimation by NTN UEs and the effect of it on Doppler shift pre-compensation.

1. Conclusion
In this contribution, we have discussed the use of doppler compensation either at the gNB or the UE to remove the doppler shift due to the circular movement of the NGEO satellite. From the analysis we propose as follows:
Observation 1: If the NTN gNB does not perform Doppler shift pre-compensation on downlink, then NTN UEs use the Doppler shift on downlink and use it to estimate the Doppler shift on the uplink for pre-compensation process. 
Observation 2: If the NTN UEs know their locations and velocities as well as satellite ephemeris and satellite’s position and trajectory, then NTN UEs can estimate the Doppler shift on the uplink for pre-compensation process. This may require UEs to have GPS capabilities.
Observation 3: If both of the above methods are possible, the NTN UEs can use the second method (calculating the Doppler shift knowing the elevation angle, UE position/velocity, satellite position/trajectory) to estimate the Doppler shift on uplink, and then use the first method (measuring the Doppler shift based on downlink reception) as correction factor to enhance the Doppler shift on the uplink.
Proposal 1: NTN UEs have knowledge of the satellite ephemeris.
Proposal 2: GPS capable NTN UEs with knowledge of the satellite ephemeris can predict the Doppler shift for pre-compensation on uplink.
Proposal 3: RAN1 should study of the effect of errors is Doppler shift estimation by NTN UEs and the effect of it on Doppler shift pre-compensation.
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