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Abstract: There exists severe deterioration of phase noise in the ultra wideband application
scenario of terahertz communication, since terahertz carriers are achieved through multiple frequency
doubling. Based on the multipole/zero phase noise model at terahertz frequency, a fully parallelized
phase estimation algorithm is proposed on the basis of traditional blind phase estimation algorithms. This
algorithm inserts pilots into each parallel data and uses pilot phase noise information as the initial phase
to perform phase extension and rotation phase detection on the parallel data. Referring to the traditional
blind phase estimation algorithm, the decision selection approach for the optimal phase estimation value
is adopted. At the same time, the previous and current time pilots are employed to estimate the phase of
the current parallel data from the front and back directions. The two estimated phases are weighted and
summed based on the distance between the front and back pilots to obtain the optimal phase estimation
information. After simulation verification, the residual phase noise is reduced by 10 dBc¢/Hz and 25 dBc/Hz
at 1 MHz and 10 MHz, respectively, through this algorithm.
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Fig.2 Schematic diagram of phase noise model considering
reference clock, PLL, and VCO comprehensively!'®!
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Tablel Phase noise model parameters for different frequency bands based on multipole/zero model

carrier frequency (£, ) 30 GHz!"™! 60 GHz!" 130 GHZ!"" 225 GHZ!"" 1.02 THZ!""
power spectral density at zero frequency/(dBc/Hz) -79.4 -70.0 -66.5 -60.0 -48.0
pole point/MHz [0.1, 0.2, 8.0] [0.005, 0.4, 0.6] [0.01,6,10] [0.03,0.85,8] [0.06,1,5]
zero point/MHz [1.8,2.2,40] [0.02, 6, 10] [0.005,0.03,5] [0.005,0.05,0.8] [0.003,0.4,0.15]
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Fig.4 Frame structure of bidirectional parallel phase estimation algorithm
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Fig.5 Implementation scheme of bidirectional parallel phase estimation algorithm
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Fig.6 Simulation architecture of bidirectional parallel phase estimation algorithm
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Table2 Simulation phase noise model parameters
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Fig.10 Constellation diagrams of bidirectional fully parallelized phase estimation algorithm
£ 10 AUl I FATARBAG TSk mn s B e A
power spectrum density of residual phase-noise
30 power spectrum density of original signal
-60 | power spectrum density of PLL.
—— power spectrum density of FBM
~ T0F
N
= g0}
Q
8 -0
Q
€ 100 |
=
g -110F
=
& -120
172}
2 130}
140 F
-150 d d .
10* 10 108 10"
offset frequency/Hz
Fig.11 Comparison of residual phase noise power spectra of bidirectional fully parallelized phase estimation algorithm
P 1L Xl AP AT AR AL A R A A MR T 23 0 L ]

BEX

[1] PETROV V,KURNER T,HOSAKO I. IEEE 802.15.3d:first standardization efforts for sub—terahertz band communications toward
6G[]]. IEEE Communications Magazine, 2020,58(11):28-33. doi:10.1109/MCOM.001.2000273.

[2] MOON S. 6G indoor network enabled by photonics—and electronics—based sub—THz technology[J]. Journal of Lightwave
Technology, 2022,40(2):499-510. doi:10.1109/JLT.2021.3113898.

[3] IP E,KAHN J M. Feedforward carrier recovery for coherent optical communications[J]. Journal of Lightwave Technology, 2007,
25(9):2675-2692. doi:10.1109/JLT.2007.902118.

[4] VITERBI A J,VITERBI A M. Nonlinear estimation of PSK-modulated carrier phase with application to burst digital transmission
[J]. IEEE Transactions on Information Theory, 1983,29(4):543-551. doi:10.1109/TIT.1983.1056713.

[5] PFAU T,Hoffmann S,NOE R. Hardware—efficient coherent digital receiver concept with feedforward carrier recovery for M-
QAM constellations[J]. Journal of Lightwave Technology, 2009,27(8):989-999. doi:10.1109/JL.T.2008.2010511.

[6] LEESON D B. A simple model of feedback oscillator noise spectrum[J]. Proceedings of the IEEE, 1966,54(2):329-330. doi:
10.1109/PROC.1966.4682.

[7] KHANZADI M R,MEHRPOUYAN H,ALPMAN E,et al. On models,bounds, and estimation algorithms for time—varying phase
noise[C]// 2011 5th International Conference on Signal Processing and Communication Systems(ICSPCS). Honolulu:IEEE, 2011:
1-8. doi:10.1109/1CSPCS.2011.6140897.

[8] NAKAMURA T,MASUDA T, WASHIO K, et al. A push—-push VCO with 13.9-GHz wide tuning range using loop—ground
transmission line for full-band 60-GHz transceiver[J]. IEEE Journal of Solid-State Circuits, 2012, 47(6): 1267-1277. doi:
10.1109/JSSC.2012.2187470.

[9]1 FEI Wei, YU Hao,FU Haipeng,et al. Design and analysis of wide frequency—tuning—range CMOS 60 GHz VCO by switching



664

ABHEMFERFEREFR

%22 %

inductor loaded transformer[J]. IEEE Transactions on Circuits and Systems [—Regular Papers, 2014, 61(3): 699-711. doi:
10.1109/TCS1.2013.2284000.

[10] CHIANG Y C,CHANG Y H. A 60 GHz CMOS VCO using a fourth—order resonator[J]. IEEE Microwave and Wireless
Components Letters, 2015,25(9):609-611. doi:10.1109/LMW C.2015.2451356.

[11] XI Tianzuo,GUO Shita,GUI Ping,et al. Low—phase-noise 54 GHz quadrature VCO and 76 GHz/90 GHz VCOs in 65 nm CMOS
process[C]// 2014 1IEEE Radio Frequency Integrated Circuits Symposium(RFIC). Tampa, FL, USA: IEEE, 2014:257-260. doi:
10.1109/RFIC.2014.6851713.

[12] Huawei,HiSilicon. Phase noise model for above 6 GHz[Z]. 3GPP, 2016.

[13] LIANG Yuan,BOON C C,DONG Yangtao,et al. A 311.6 GHz phase—locked loop in 0.13 pm SiGe BiCMOS process with 90 dBc/
Hz in-band phase noise[C]// 2020 IEEE/MTT-S International Microwave Symposium(IMS). Los Angeles: IEEE, 2020: 1133—
1136. doi:10.1109/IMS30576.2020.9224047.

[14] Working Group for Wireless Personal Area Networks(WPANs). RF impairment models for 60 GHz—band SYS/PHY simulation
[R/OL]. [2024-02-09]. htips://mentor. ieee. org/802.15/file/06/15-06-0477-01-003c—rf-impairment—models—60ghz—band—
simulation.pdf.

[15] Samsung. Discussion on phase noise modeling[Z]. 3GPP, 2016.

[16] Nokia. Alcatel-lucent Shanghai bell,on the evaluation of PN model[Z]. 3GPP, 2016.

[17] PARISI C T,BADRAN S,SEN P,et al. Modulations for terahertz band communications: joint analysis of phase noise impact and
PAPR effects[J]. IEEE Open Journal of the Communications Society, 2024(5):412-429. doi:10.1109/0JCOMS.2023.3344411.

EEE T

F H(1989-), &, Wi+, By L, EEF HwERE0986-), B, Wit, i, LA S0,

58 07 W R OK B 2% 8 {5 15 5 AL B . email: wangying

mtrc@caep.cn.

Xl W/ (1984-), 4, Wi, ByEIMESE L, EEF
SE 7 [) R A 2538 15 AR R 5 40 R 15 .

X & &1991-), B, L, DAL, FE
Y7 1] Ry Kk 2% 38 1 A AR A .

BRS04 kKR 2 A P £ 9 R
T FPGA SLBLE RT3 95 5 4 B R GE 8 31
AR R

MBI 1973-), H, WL, R, FEVRIT
MO S . FEER . BOEFER . WEFIE R
SR K2kl RGEH RS .



