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1 Introduction

This document aims to explain the formulas used for the frequency offset calculation in the updated Table 6.1.2-1 and Table 6.1.2-2 captured in [1].


2 Frequency offset formula for DL synchronization evaluation

Agreement: Extracted from updated Table 6.1.2-1
	Frequency Offset
	· UE crystal accuracy: 10 ppm
· Doppler shift in channel due to satellite movement : max. Doppler shift values provided in Table 6.1.1-8
· Doppler shift in channel due to UE movement :  max. value to be computed based on the UE speed and the elevation angle
Note 1 : The final frequency offset is computed as follows : 

 where :

 denotes the final frequency offset in Hz

 denotes the UE crystal accuracy in ppm

 denotes Doppler shift due to satellite movement in ppm. Pre/post common Doppler shift compensation can be assumed.

 denotes the Doppler shift due to UE movement in ppm

 denotes the carrier frequency used on the service Down Link in Hz
A uniform distribution in [ - FO max value, + FO max value] shall be assumed.
Note 2 : Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in TR 38.811)
Note 3 : For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.


Firstly, to be consistent with the specified ppm units, the formula should be updated as follows :


The formula provided for the frequency offset calculation in the case of DL synchronization is the simplest to understand.
To derive this formula, the following assumptions have been made :
· Perfect Doppler pre/post compensation is assumed on the feeder links.
· The satellite local oscillator drift impact is neglected w.r.t the other contributors (i.e. UE crystal drift, Doppler shift experienced on the service link.
The first component of the frequency offset is introduced by the Doppler shift experienced on the service link. 
The second component of the frequency offset is introduced by UE crystal. Due to the UE crystal drift, the DL frequency generated by the UE is shifted w.r.t the reference DL frequency.

The value used for  equals the residual Doppler shift after pre/post-compensation regardless how the compensation is done.
The formula provided for the frequency offset calculation in the case of DL synchronization is based on the following assumptions :
a. Perfect Doppler pre/post compensation on the feeder links.
b. The satellite local oscillator drift is neglected w.r.t the other contributors

For the frequency offset calculation in the case of DL synchronization, the value used for  equals the residual Doppler shift after pre/post-compensation regardless how the compensation is done.
The two components are illustrated on Figure 1.


[bookmark: _Ref17964874]Figure 1 : Frequency offset calculation in the case of DL synchronization
3 Frequency offset formula for PRACH evaluation

Agreement: Extracted from updated Table 6.1.2-2
	Frequency Offset
	· Doppler shift in channel due to satellite movement : max. Doppler shift values provided in Table 6.1.1-8
· Doppler shift in channel due to UE movement : max. value to be computed based on the UE speed and the elevation angle 
· Residual frequency offset after synchronization: [0.1] ppm
Note 1 : In case the network performs both pre and post common Doppler shift compensation, the final frequency offset is computed as follows : 

 where :

 denotes the final frequency offset in Hz

 denotes the residual frequency offset after synchronization in ppm

 denotes the residual Doppler shift due to satellite movement in ppm after common Doppler compensation. 

 denotes  Doppler shift due to UE movement in ppm

 denotes the central frequency used on the service Up Link in Hz

A uniform distribution in [ - FO max value, + FO max value] shall be assumed 
Note 2 : Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in TR 38.811)
Note 3 : For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.



Firstly, to be consistent with the specified ppm units, the formula should be updated as follows :


The formula provided for the frequency offset calculation in the case of PRACH evaluation may be more complicated to understand.
To derive this formula, the same assumptions have been made :
· Perfect Doppler pre/post compensation is assumed on the feeder links.
· The satellite local oscillator drift impact is neglected w.r.t the other contributors (i.e. Doppler shift experienced on the service uplink, impacts of the Doppler experienced on the service downlink)

After DL synchronization, if perfect synchronization is assumed, the UE clock will be locked on the frequency experienced on the service downlink. As consequence, the UL frequency generated by the UE is 


However, the DL synchronization is never perfect. One of the DL synchronization evaluation outputs is going to be the residual frequency error committed w.r.t the frequency experienced on the service downlink. After synchronization, the UL frequency generated by the UE is 

Finally, additional Doppler shifts are experienced on the service uplink. As a consequence, the UL frequency experienced at the gNB equals to:
.

The values used for  equals the residual Doppler shift after pre/post-compensation in case the network performs common Doppler compensation. Moreover, from our understanding, the formula is also correct if  no compensation is assumed. However, in the case the UE is able to perform some kind of post/pre compensation, the analyzed formula may not be accurate.
The formula provided for the frequency offset calculation in the case of PRACH evaluation is based on the following assumptions :
c. Perfect Doppler pre/post compensation on the feeder links.
d. The satellite local oscillator drift is neglected w.r.t the other contributors

For the PRACH frequency offset calculation, the value used for  equals the residual Doppler shift after pre/post-compensation in case the network performs common Doppler compensation.
In the case the UE is able to perform some post/pre compensation mechanisms, the frequency offset formula for PRACH evaluation may not be correct.
An illustration of the calculation is provided on Figure 2


[bookmark: _Ref17967517]Figure 2 : Frequency offset calculation in the case of PRACH evaluation
Conclusion
In this paper, we explained the formulas used for the frequency offset calculation in the updated Table 6.1.2-1 and Table 6.1.2-2 captured in [1]. The following observations have been made :
1. The formula provided for the frequency offset calculation in the case of DL synchronization is based on the following assumptions :
a. Perfect Doppler pre/post compensation on the feeder links.
b. The satellite local oscillator drift is neglected w.r.t the other contributors

For the frequency offset calculation in the case of DL synchronization, the value used for  equals the residual Doppler shift after pre/post-compensation regardless how the compensation is done.
The formula provided for the frequency offset calculation in the case of PRACH evaluation is based on the following assumptions :
c. Perfect Doppler pre/post compensation on the feeder links.
d. The satellite local oscillator drift is neglected w.r.t the other contributors

For the PRACH frequency offset, the value used for  equals the residual Doppler shift after pre/post-compensation in case the network performs common Doppler compensation.
In the case the UE is able to perform some post/pre compensation mechanisms, the frequency offset formula for PRACH evaluation may not be correct.
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