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Introduction
The UE frequency synchronization requirement is discussed in this paper.
[bookmark: _Ref178064866]Discussion
If we can dismiss the impact on adjacent channel suppression and inter-carrier-interference (ICI) in the gNb due to UE frequency error (which should be very small with reasonable UE sync errors in the range of a few 0.1ppm in realtion to the carrier frequency), then we can focus on the gNBs ability to do frequency error estimation on the PUSCH to understand the impact of UE freuency error. 

Lets consider a simple worst-case scenario; assume that the UE is connected to a radio tranmission point (TRP), and the UE is moving with speed v on a straight line towards the gNB in a typical line-of-sight scenario. The maximum frequency error that can be experienced by the gNB, assuming that the UE is frequency synchronized with a frequency error equal to  Hz, is then
,
where  is the UE speed (m/s),  is the speed of light (m/s), and  is the Doppler shift (Hz). 

The lock-in range is determined by the minimum symbol distance between available RSs that can be used frequency error estimation in the UL and the SCS.  The critical aspect is the maximum frequency error the gNB can handle; the maximum frequency error must below the uplink frequency lick-in range, other wise the synchronization is likely to fail with very large freqeny errors as a result.

The lock-in range can be formulated as

,

where n is the mimum inter-symbol distance between adjacent reference symbols used for frequency error estimation.
Thus, the relaive UE frequency error  where gNB frequency synchronization can be sustained  can then be approximated, given SCS, the UE speed  and the mimum inter-symbol distance between adjacent reference symbols used for frequency error estimation n as



Frequency error analysysis
In the figures below, the relaive UE frequency synchronization error  where gNB frequency synchronization can be sustained is plotted versus  the maximum carrier frequency. The different figures show results for different assumptiuons on UE speed and the minimum symbol distance between available RSs.  


A typcal, well performng,  frequency synchronization algorithm for NR would typically have a synchronization error at -6dB with a rms of less than a few procent of the SCS [2-3].    

We plot the relative UE frequency error  for different UL RS spacing n, and v = {100, 500} km/h (solid lines) against maximum carrier frequency. Also included in the plot are example performance curves showing the relaive UE frequency error  for a typical frequency synchronization algorithm have an synchronization error at -6dB  equal to one procent of the SCS verus carrier frequency.

The intersection of each UE frequency synchronization    versus  curve  and the relaive UE frequency error  verus  curve constitutes an upper bound on the carrier frequency for synchronization to work for a given SCS. For carrier frequencies below this intersection point synchronization works well, for carrier frequencies above this intersection point synchronization of users with SNR below -6 dB is likely to have very bad performance. 
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Figure 1 Relative UE frequency error  for different UL RS spacing n=2, and v = 100 km/h (solid lines) against maximum carrier frequency. Also included in the plot are example performance curves showing the relaive UE frequency error  (dashed line) for a typical frequency synchronization algorithm have an synchronization error at -6dB  equal to one procent of the SCS verus carrier frequency.
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Figure 2 Relative UE frequency error  for different UL RS spacing n=4, and v = 100 km/h (solid lines) against maximum carrier frequency. Also included in the plot are example performance curves showing the relaive UE frequency error  (dashed line) for a typical frequency synchronization algorithm have an synchronization error at -6dB  equal to one procent of the SCS verus carrier frequency.
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[bookmark: _Hlk498724144]Figure 3 Relative UE frequency error  for different UL RS spacing n=4, and v = 500 km/h (solid lines) against maximum carrier frequency. Also included in the plot are example performance curves showing the relaive UE frequency error  (dashed line) for a typical frequency synchronization algorithm have an synchronization error at -6dB  equal to one procent of the SCS verus carrier frequency.
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Figure 4 Relative UE frequency error ∆f/f_c for different UL RS spacing n=2, and v = 500 km/h (solid lines) against maximum carrier frequency. Also included in the plot are example performance curves showing the relaive UE frequency error ∆f/f_c (dashed line) for a typical frequency synchronization algorithm have an synchronization error of at -6dB  equal to one procent of the SCS verus carrier frequency.

From the analysis above we can make the following observations.

[bookmark: _Toc498724521]Using 0.1 ppm of the carrier frequency as requirement on the UE frequency synchronization is will put very tough reqirement on the TRS at low carrier frequencies (< 1 GHz)  given the currently agreed PDSCH SCS.  

[bookmark: _Toc498724522]The UE TX frequency synchronizarion error realtive carrier frequency is not a suitable measure for setting requirements on UE frequency synchronization; for low carrier frequencies it will lead unnecessary tough requirements and for high carrier frequencies the requirement may be too lose.  
 
[bookmark: _Toc498724523]The UE TX frequency synchronization error relative SCS can be used as a  measure for setting requirements on UE frequency synchronization over a large frequency band and different numerologies. 

Conclusion
In section 2 we made the following observations:
Observation 1	Using 0.1 ppm of the carrier frequency as requirement on the UE frequency synchronization is will put very tough reqirement on the TRS at low carrier frequencies (< 1 GHz)  given the currently agreed PDSCH SCS.
Observation 2	The UE TX frequency synchronizarion error realtive carrier frequency is not a suitable measure for setting requirements on UE frequency synchronization; for low carrier frequencies it will lead unnecessary tough requirements and for high carrier frequencies the requirement may be too lose.
Observation 3	The UE TX frequency synchronization error relative SCS can be used as a  measure for setting requirements on UE frequency synchronization over a large frequency band and different numerologies.
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