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1 Introduction
Frequency error requirement for range 2 NR BS was discussed in the last RAN4 meeting [1], and RAN4 should check how much frequency error impacts to system performance. In this contribution, as an initial evaluation, we consider the required BS frequency error performance under the Doppler condition and discuss the relationship between frequency error and supported UE mobility speed for Range 2 NR BS. Actually to discuss BS frequency error, both BS and UE demodulation performance should be considered, however we consider BS demodulation impact only in this contribution as a first step.
2 Discussion
Range 2 NR system is operated with very higher frequency and wider sub-carrier spacing than LTE. High frequency would cause large absolute frequency error, but wider SCS would work to alleviate larger frequency error.
Moreover considering UE mobility (Doppler shift), frequency variation has influence in system performance. If frequency variation becomes relatively larger compared with used subcarrier spacing, UE/BS demodulation performance becomes worse.
Frequency variation consists of two factors; frequency error and Doppler shift. We assume that NR base band (BB) has the same capability as E-UTRA one. Namely, if the frequency variation to SCS ratio is the same with E-UTRA, NR BB can achieve the similar demodulation performance. For example, if E-UTRA BB (with 15kHz SCS) has tolerant up to X kHz frequency variation, then NR BB with Y kHz SCS has tolerant up to (X*Y/15) kHz frequency variation. Hereafter we assume NR BS BB has the same capability with E-UTRA BB which support high speed train condition specified in TS36.141 Annex B3 [2]. We study the relation between frequency error and supported UE mobility speed.
Table 1 Parameters for high speed train conditions in TS 36.141
	Parameter
	Value

	
	Scenario1
	Scenario3
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	350 km/h
	300km/h
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	1340 Hz
	1150Hz



NOTE 1: Parameters for HST conditions in table B.3-1 including  f d and Doppler shift trajectories presented on 

figures B.3-1 and B.3-2 were derived from Band 1 and are applied for performance verification in all 

frequency bands.
Maximum total frequency shift for Uplink is given by: 

fshift,max = fd + 2*fe
where fshift.max is maximum frequency shift and fd is the maximum Doppler frequency and fe is BS frequency error (two times frequency error is assumed for UE).

SCS is subcarrier spacing, fshift.max/SCS is the maximum frequency deviation to given subcarrier spacing ratio. Capability of frequency variation in E-UTRA BB as frequency variation to SCS ratio is given  by:

fshift.max/SCS  = (fd,E-UTRA + 0.1ppm) / 15kHz

where fd,E-UTRA is BS supported maximum Doppler frequency in E-UTRA.

It is assumed NR BS demodulation performance is as same as E-UTRA BB, capability of frequency variation in NR BB as frequency variation to SCS ratio is given  by:

fshift.max/SCS  = (fd,NR + 2*fe, NR BS ppm) / 60kHz or 120kHz

where fd,NR is NR BS supported maximum Doppler frequency and fe,NR BS is frequency error in Range 2 NR BS. If fe,NR BS is the same value of E-UTRA WA BS (0.05ppm), capability of UE mobility in Range2 NR is shown in Table2. And the relation between frequency error and supported UE speed (Doppler frequency) for each scenario is shown in figure 2-1 and  2-2

Table 2 Handling limit on Train velocity in Range 2 NR BS
	
	velocity

	
	Scenario1
	Scenario3

	LTE Band1 SCS=15kHz
	350km/h
	300km/h

	NR-28GHz  SCS=60kHz
	65km/h
	50km/h

	NR-28GHz  SCS=120kHz
	185km/h
	155km/h
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Figure 2‑1 High speed train conditions Scenario 1
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Figure 2‑2 High speed train conditions Scenario 3
In Range 2 NR BS, it is not able to have same capability of E-UTRA in high speed UE mobility because it is lack of subcarrier spacing compared to the Doppler frequency arise in mm wave carrier. It is necessary to be defined the appropriate value for the frequency error in Range 2 NR BS.

Proposal 1: It is necessary to define the appropriate value for Range 2 NR BS frequency error taking into account the required UE mobility.
3 Conclusion

This contribution considered frequency variation in mm Wave NR BS. From initial evaluation, in mm wave operation, frequency variation gives very significant impact on the system performance. Based on the discussion above, it is proposed to consider the frequency error requirement taking into account Doppler frequency for NR BS, Range 2.
Proposal 1: It is necessary to define the appropriate value for Range 2 NR BS frequency error taking into account the required UE mobility.
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