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1 Introduction
In RAN4 NR AH #3 the first TP for FR1 frequency error were approved in [1,2]. The FR2 frequency error was discussed in [3-6]. We continue the discussion regarding FR2 in this contribution. 
2 Discussion
2.1 Regulatory requirements
If we assume that we have to stay within 1 subcarrier in the 26 GHz < f < 52 GHz FR2 range we get:

Observation 1: UEM requirements require a BS TX frequency error of around 1000 ppb.
2.2 UE HO requirements for mobility
The uplink frequency error can be estimated using:

Where:
 is the Doppler error. 
 is the UE uplink relative frequency error for the transmitter. 
  is the maximum total frequency shift for the uplink. 
 is the highest uplink carrier frequency in the band. 
 highest downlink carrier frequency in the band. 
 is the UE speed. 
 is the speed of light. 
 is UE relative frequency error. 
2.2.1 Frequency error analysis
If we form make the approximation that , then we get:

If we insert 0.1 ppm we get  = 15 m/s. This means that for  15 m/s. This shows that very quickly the Doppler error becomes as big as the frequency error for the transmitter.
If we compare the ratio  we get

For  = 500 km/h = 140 m/s we get  = 9.3. This means that Doppler shift, always, dominates over frequency error at high speed.
Observation 2: This means that Doppler shift dominates over any static frequency error at high speed when it comes to UE HO requirements for mobility.
If we go back to the equation (1)

And separate out the Doppler part

If =52 GHz and =140 m/s then  48 kHz = 933 ppb at 52 GHz. If the BS static frequency error is 10% of this we get 93 ppb.
Observation 3: It is the UE RX Doppler performance that matters at handover. 
2.3 BS frequency error measurement time
The measurement time contributes to the frequency error. A short measurement time induces an intrinsic uncertainty of what the frequency error is. A measurement time like 1 ms in LTE is short and one has to go all the way to a one second measurement time is long enough to clear a frequency error measurement from the influence of phase noise and spurs, leaving only the contributions from the reference signal, frequency slip due to non-phase-locks and hold-over frequency drift.

Observation 4: A frequency error requirement at ppb accuracy level must have a defined measurement duration. 
2.4 BS frequency error implementation aspect
The frequency error of the base station depends on:
· Installation and synchronization source 
· Base station oscillators

For the first bullet above, in [7] the reuse of existing timing and synchronization network directly to reduce the network construction cost is raised and this is a very valid and important observation. This is of course also valid for NR FR2.
Observation 5: NR FR2 will in the same way as NR FR1 benefit from using existing synchronization infrastructure.

For the second bullet above, the characteristics of the base station master oscillator for NR FR2 cannot be expected to be better than an oscillator for NR FR1.  Potentially the opposite since the frequency stability of an oscillator relates to oscillator cost and its temperature environment, the higher frequency for NR FR2 would generally mean smaller cells in higher quantities hence small and cost-efficient products are needed.
Observation 6: Oscillators in NR FR2 cannot be expected to be better than for NR FR1.

2.5 BS frequency error and holdover aspect
The total budget for the base station frequency error must include a margin for temporary loss of external synchronization source, a stricter frequency error requirement for a base station would impact the duration during which a base station temporary could lose its synchronization source and thereby the availability of the base station.
Observation 7: A strict base station frequency error would reduce the base station holdover margin and thereby the holdover duration when losing an external synchronization source.

3 Conclusion	
The observations show that there is nor a need or any motivation from an implantation view to have stricter base station frequency requirements than for FR1. 
[bookmark: _GoBack]Proposal: There is nor a need or any motivation from an implantation view to have stricter base station frequency requirements than for FR1, but with further analysis regarding measurement time. The measurement time should not be shorter than 1 ms and should probably be made longer than 1 ms.
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