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1. Introduction
In the previous RAN4 meetings, lots of transmitter and receiver requirement has been initially discussed, however the frequency error requirement for NR BS is not analyzed yet among vendors, therefore in this contribution, we want to share some initial consideration on this requirement.
2. Discussion  
In the past, this frequency error requirement for GSM, UTRA and E-UTRA system is required as 50 ppb at the radio interface for WA BS, namely 0.05ppm. To meet this requirement, 16ppb is specified at base station to the backhaul. One general approach for timing and synchronization in the real network is to deploy a GNSS receiver with every mobile base station, then high quality GNSS receiver derives frequency and timing from the satellite signals and the synchronization equipment then use it as reference clock for network timing. In addition, additional equipment, like OCXO should also been implemented to improve the holdover when GNSS signals are impaired or not available intermittently.
For the WA NR BS, it’s feasible and reasonable to have the same GPS based reference clock as for E-UTRA and UTRABS, therefore similar performance could be achieved for reference clock for WA NR BS.
From PLL performance point of view, it’s beneficial to check which factors would have impacts on the frequency stability within the transceiver for NR BS. During discussion for phase noise model of NR BS based on the simplified PLL framework as illustrated in the Figure1, the main factors of effecting the performance of phase noise is that master clock and PLL components (including phase estimator, loop filter and frequency divider). For the range 1, as similar PLL component and the reference clock as that integrated for E-UTRA BS could be used for NR BS, therefore it’s reasonable to use the similar frequency error requirement for NR BS.
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Figure 1. the illustration of PLL within RRU transceiver
Proposal 1: As similar reference clock and PLL components as used for E-UTRA BS could be reused in the range1, therefore it’s reasonable to reuse the same frequency error requirement for WA NR BS.
For the range2, due to the much higher carrier frequency(e.g. 28GHz), the performance of PLL component and VCO component could be potentially quite different from the range1 based on the phase model discussion for different frequency range in the previous meeting. In the thesis paper[3], it is also clarified that the frequency stability is mainly impacted by the noise floor at the loop filter input and the slope of error signal in the phase estimator as shown in the following equation. 
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Where 
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 is noise voltage at the loop filter input and 
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 is the slope of error signal in the phase estimator. As the noise floor at the loop filter input at the range 2should be larger than that in the range1, the slope of error signal in the phase estimator is FFS, therefore this frequency accuracy requirement in the range2 could be FFS according to the current investigation. 
In addition, for other types of BS class, due to lower end-user mobility in the corresponding deployment scenario, the minimum requirement for the frequency accuracy can be relaxed compared to the Wide Area BS. Here, assuming the maximum mobile speed within a local area/home cell can be limited to 30-50 km/h (8.3-13.9 m/s) and maximum mobile speed within wide area is assumed as 250km/h (69.4m/s). The corresponding frequency reference error can be calculated as [4]:
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freq,ppm becomes equal to 0.254 – 0.235 ppm with the assumed range for vUE,localm at 2.1GHz. 
Proposal 2: use the following equation to relax the frequency accuracy requirement for other NR BS class due to the lower end-user mobility as used for UTRA and E-UTRA BS.
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Where X is the frequency accuracy requirement for WA NR BS. 
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Figure 1. GNSS for every BS station (green equipment is GPS receiver) or IEEE based method
Table 6.5.1-1:  Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


3. Conclusions
In this proposal, we want to further discuss the frequency error requirement for NR BS and proposals are made as following:
Proposal 1: As similar reference clock and PLL components as used for E-UTRA BS could be reused in the range1, therefore it’s reasonable to reuse the same frequency error requirement for WA NR BS.
Proposal 2: use the following equation to relax the frequency accuracy requirement for other NR BS class due to the lower end-user mobility as used for UTRA and E-UTRA BS.
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Where X is the frequency accuracy requirement for WA NR BS.
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