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1. Introduction 
In the RAN4 NR AH#2 meeting, there are some initial discussions on frequency error for range2 NR BS, however no consensus were reached during the meeting. Therefore in this contribution, we want to share some further considerations on this requirement for mmWave NR BS.
2. Discussion
2.1 Range2 NR BS: 
Just as mentioned in the contribution[1], for the range2, due to the much higher carrier frequency(e.g. 28GHz), the performance of PLL and VCO component as shown in Figure1 could be quite worse than that of the range1 based on the phase model discussion for different frequency range in the previous meetings.
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Figure 1. the illustration of PLL within RRU transceiver
And in the thesis paper [2], 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 for error signal in the phase estimator. According to some filed testing results, it shows that 0.05ppm could also be achieved for range2 WA NR BS. 
	Agreements:
· For the case of 2 PBCH symbols within the SS block: PSS-PBCH-SSS-PBCH

· PBCH RE mapping: Alt. 1, NR-PBCH coded bits of the NR-PBCH code block(s) are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block


For the UE side, the coarse time and frequency synchronization is obtained from NR-PSS detection, and then followed by NR-SSS signal for further frequency error estimation and compensation. The allowed maximum frequency error range can be determined by the time distance from NR-PSSS and NR-SSS in theory. i.e. 
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. According to the approved SS block mapping in the last RAN1 NR AH meeting, for the range2 NR BS, if SCS is specified as 120KHz for SS block, then allowed frequency error 
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 is 30KHz, if SCS is specified as 240KHz for SS block, then allowed frequency error is 60KHz. Therefore compared with 1.4KHz due to 0.05ppm at 28GHz, then frequency error will only have negligible impacts on the demodulation performance. 

Proposal 1: to specify 0.05ppm as the frequency error requirement for range2 WA NR BS. 
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 that of Wide Area BS. If we reuse the existing maximum mobile speed 30-50 km/h (8.3-13.9 m/s) assumed for one E-UTRA local area/home cell and existing maximum mobile speed 250km/h (69.4m/s) assumed for one E-UTRA wide area, then the corresponding frequency error for other types of NR BS class can be calculated as
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freq,ppm becomes equal to 0.235 – 0.254ppm with the assumed range for vUE,local at 28GHz, which means the existing frequency error requirement for E-UTRA home BS could also applicable for that of range2 NR BS. However as the maximum supported mobility speed for each range2 NR class has not been discussed yet in RAN4, therefore it’s better to leave these parameters as FFS. 
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, the maximum supported mobility speed for each range2 NR BS class could be FFS.
3. Conclusions
In this proposal, we shared some further considerations on frequency error requirement of mmWave NR BS and proposals are made as following:
Proposal 1: to specify 0.05ppm as the frequency error requirement for range2 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.


[image: image9.wmf]÷

÷

ø

ö

ç

ç

è

æ

×

-

×

+

×

×

=

D

c

f

v

f

X

c

f

v

f

c

local

UE

c

c

UE,max

c

ppm

freq

,

6

6

,

10

10


Where X is the frequency accuracy requirement for range2 WA NR BS, the maximum supported mobility speed for each range2 NR BS class could be FFS.
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	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Carrier frequency 
	4GHz, 30GHz, and 70GHz 
	Macro layer: 4GHz and 30GHz
Micro layer: 30GHz and 4GHz; 70 GHz (optional)
	4GHz and 700MHz
	4 GHz and 30GHz

	UE distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic
	Step1 (**): Uniform/macro TRP (10 users per TRP for full buffer traffic) 

Step2  (**): Uniform/macro TRP + Clustered/micro TRP (10 users per TRP associated with macro cell geographical area for full buffer traffic. 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area for FTP model 1/2/3, and 60 users for FTP model 2/3) (***) 

- 80% indoor (3km/h), 20% outdoor (30km/h) 

- In the case of full buffer, 10 users per TRP is the baseline. 20 users per TRP is not precluded.

- In case of outdoor (30km/h), penetration loss in-car is 9 dB (LN, σ = 5 dB).

	50% outdoor vehicles (120km/h) and 50% indoor (3km/h)

10 users per TRP for full buffer traffic

User distribution: Uniform
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h
10 users per TRP for full buffer traffic

(10 users per TRP is the baseline with full buffer traffic. 20 users per TRP with full buffer traffic is not precluded.)
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