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1 Introduction
Frequency error requirement for range 2 NR BS was discussed in the last RAN4 meeting [1], and RAN1 discussed frequency error estimation by SS block composition in RAN1 NR ad-hoc#2 [2]. In this contribution, we consider the required range 2 BS frequency error performance under UE mobility speed and discuss inter sub-carrier interference impact due to frequency error impact.
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. In this contribution, we evaluate two aspects of UE mobility speed and interference from adjacent sub-carriers.
2.1  UE mobility impact due to frequency error
In [2], frequency synchronization is obtained from the NR-PSS detection and the maximum frequency error range, which can be obtained from the NR-SSS and NR-PSS, is determined by the time distance between them in theory, i.e., 
. And SS block mapping order will be PSS -> PBCH -> SSS -> PBCH for the case of 2 PBCH symbols within the SS block (Note that the number of OFDM symbols within SS block is still under discussion in RAN1, however PSS/SSS/PBCH order will not be changed). The time distance between PSS and SSS is 2 OFDM symbols (1 OFDM symbol length = 66.7 / 4 = 16.7us for 120kHz SCS, and 66.7 / 8 = 8.33us for 240kHz SCS) with multiple cyclic prefixes spacing, so Tdist is 17.85 us and fmax is 28011Hz for 120kHz SCS. 

On the other hand, fmax in E-UTRA will be determined by cell specific reference signal, so Tdist is 500 us and fmax is 1000Hz. Therefore NR frequency variation capability will be higher than E-UTRA.

Table 1 fmax value for each SCS
	RAT
	E-UTRA
	NR

	SCS
	15kHz
	120kHz
	240kHz

	1 OFDM symbol length
	66.7 us
	16.7 us
	8.33 us

	CP length
	4.7 us
	0.588 us
	0.293 us

	2Tdist
(1 slot length for LTE, 
2*OFDM symbol length + 2*CP length for NR)
	500 us
	17.85 us
	8.93 us

	fmax
	1000Hz
	28011Hz
	56022Hz


The relation between frequency error and supported UE speed (Doppler frequency) for each scenario is shown in Table2 and figure 2-1 under the condition that frequency error is 0.05 ppm.
Table 2 Handling limit on UE velocity in Range 2 NR BS
	
	UE velocity

	LTE Band1 SCS=15kHz
	260km/h

	NR-28GHz  SCS=120kHz
	600km/h

	NR-28GHz  SCS=240kHz
	1250km/h

	NR-52.6GHz  SCS=120kHz
	293km/h

	NR-52.6GHz  SCS=240kHz
	640km/h
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Figure 2‑1 Relation between UE mobility and frequency error
From figure 2-1, it is observed that NR with 28GHz (SCS = 120 or 240 kHz) and 52.6GHz (SCS = 240 kHz) has much higher frequency variation tolerability compared with E-UTRA. However, for NR with 52.6GHz (SCS = 240 kHz) has similar tolerability with E-UTRA.
Observation 1: For NR with 28GHz Band (with SS SCS = 120 or 240 kHz) and 52.6GHz Band (with SS SCS = 240 kHz), much higher frequency variation tolerability will be compared with E-UTRA.

Observation 2: For NR with 52.6GHz Band (with SS SCS = 120 kHz), similar frequency variation tolerability will be compared with E-UTRA.

Proposal 1: RAN4 should take into account frequency variation tolerability when decide the frequency error requirement for NR Range 2.

2.2 Inter sub-carrier interference caused by frequency error
There will be two kinds of interference due to sub-carrier non-orthogonality caused by frequency error.

1. (In DL at UE RX) Interference caused by sub-carrier sampling point gap due to frequency error (residual BS frequency error at UE side)
2. (In UL at BS RX) Interference between UEs due to different frequency errors between UEs (|UE#1 frequency error – UE#2 frequency error|)
On 1st one, ideal sub-carrier sampling points will be top of sinc function where signal level from other sub-carriers will be zero. However, if there is a gap between ideal sampling point and actual sampling point due to frequency error (residual BS frequency error at UE side), interferences from other sub-carriers will occur due to non-zero cross, in addition wanted sub-carrier signal level will also decrease. 
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2 Figure ‑2. Receiver sampling point gap due to residual BS Frequency error
On 2nd one (it might be considered in UE frequency error, but it will impact BS receiver), if multiple UEs have different frequency error, multiple RB groups from different UEs will be non-orthogonal at BS receiver side. As a result, interference signal from other UEs will increases.
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Figure 2‑3 Subcarrier interference by frequency error
Figure 2-4 show the SIR degradation due to two kinds of inter sub-carrier interference. On 1st case (interference due to sampling point error), totally ten adjacent sub-carriers are considered as interferences for the calculation. On 2nd case, one nearest wanted sub-carrier and five nearest interfering sub-carriers are considered as interferences for the calculation. a) ~ c) show 2GHz with 15 kHz (E-UTRA), 28GHz with 60 kHz, and 52.6GHz with 60 kHz respectively.
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a) 2GHz Band with 15 kHz SCS
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b) 28 GHz Band with 60 kHz SCS
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c) 52.6 GHz Band with 60 kHz SCS
Figure 2‑4 The relation between Subcarrier interference and frequency error

If the same frequency error requirements with E-UTRA are applied for both BS and UE (i.e., 0.05ppm for BS, 0.1ppm for UE), maximum total residual BS frequency error for 1st case will be 0.05 ppm, and maximum total frequency error for 2nd case will be 0.2ppm respectively.

From above figures, it can be seen that maximum SIR due to 1st case of interfering signal would be around -49 dB for 2 GHz E-UTRA with 15 kHz SCS, around -38 dB for 28 GHz NR with 60kHz SCS, and around -32 dB for 52.6 GHz NR with 60kHz SCS, respectively. And maximum SIR due to 2nd case of interfering signal would be around -39 dB for 2 GHz E-UTRA with 15 kHz SCS, around -28 dB for 28 GHz NR with 60kHz SCS, and around -23 dB for 52.6 GHz NR with 60kHz SCS, respectively. It can be observed that SIR increases as operating frequency increases, this is because SCS is not sufficient wider compared with operating frequency.
Observation 3: Inter sub-carrier interference due to frequency error will increases as operation frequency increases, if the same frequency error requirements are applied for BS and UE.
Proposal 2: RAN4 should take into account inter sub-carrier interference due to frequency error when decide the frequency error requirement for NR Range 2.
3 Conclusion

This contribution considered the influence of frequency error in Range 2 NR. We have proposed following:
Proposal 1: RAN4 should take into account frequency variation tolerability when decide the frequency error requirement for NR Range 2.

Proposal 2: RAN4 should take into account inter sub-carrier interference due to frequency error when decide the frequency error requirement for NR Range 2.
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