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ABSTRACT

All 5G NR devices must first perform the cell search and synchronization process to communicate with the base
station. In this process, PSS detection is one of the most important and difficult problems in 5G NR communication
because PSS detection must first be successful in order to extract essential information from the following signals. Among
the various PSS detection methods, this paper describes a cross-correlation-based detection method, and the
implementation methods of the tap delay line hardware with parallelization are introduced and compared in terms of
complexity and detection speed. In addition, the interface required for system configuration including the PSS detector and
control software for efficient and flexible operation are also explained. In this paper, the resource usages of Xilinx's
UltraScale+ FPGA are compared for various PSS detector structures and analyzed according to various parallelization
levels.
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II. 5G NRe| & B I F7|3t by

o] Aol A= 5G NR A&7l of| 4 o] Al &A1l 57
3} A& 5G =Y FEZ (frame structure) 2} ZHo] Q OF
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2.1,5G NR =g|g] %

5G NR #E2H1]o A= 5G FAlNA Y] ZaY =
£ Aot ek 5G Z| Yol Zof= 10msil ALY H
o] AL, shto] | A(frame)> 10712] A HZH)o
= ] Qlth & A H Iz (subframe) o] Aol=
Imso]al, AH T2 Aol 9] SH(slo) o2 -
dHth st Bz e sk £x9 = A
&5h= A B2l o] 1+ (sub-carrier spacing)©]l wh=t &
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240kHzE A 43t MBS 5= S50 &
= W 5 QAL sl &322 5G Al 2 A5
717 712 9| Q1 OFDM Al & 1470 2 J/d e}, 2| ¢]
I AEZ Y Dol= 22 10mseF Ims 2 317 = o] 9l
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Table. 1 Parameters for components consisting a frame

Subcarrier spacing

(kHz) 15 30 60 120 240

Number of
subframes 10 10 10 10 10

(Nsubframe)
Number of slots for
one subframe 1 2 4 8 16
(Nstor)

Number of symbols

for one slot 14 14 14 14 14
(Mymbol)
Frame
Subframe [0 1] 2[3[4a]s5]6]7][8]9

Slot

OFDM symbol [ 0 [ 1] 2] ... [13]

Fig. 1 5G NR frame structure
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2.2, Synchronization Signal Block (SSB)
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Fig. 2 5G NR SSB structure
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Fig. 3 Cell search and synchronization procedure
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7} ge.
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WAE ALFeA 7P A% 2HEo] 52 m-sequence]

AH8E N & Folle o)t

Real Part
1.0
0s
0.0
=0.5
-1.0
o 50 100 150 200 250
Imaginary Part
10
(]
0.0
0.5
-1.0
o 50 100 150 200 250

Fig. 4 PSS OFDM symbol waveform (N2 = 1)
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Ol
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=9} 4096 point FET 7]4+e] OFDM A2 A&l
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R8H0l7] ujo] decimation WIS AFEFHA Tt
MEHTE ol PSSE &Rtk 117 5= ADC &3¢l
original 4132} decimation BE]E AX A 1/16 th-2AY
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ol 4

! Real Part

—— Original
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1
1
1
v T y T T T
0.0 p.5 10 15 2.0 2.5
1 le6
1

Imaginary Part

1000
—— Original

500 —— Decimated

—=500 -

—1000 -

1

1

1

{).5 10 15 2.0 2.5
le6

0.0

Fig. 5 5G received signal waveform (time domain)
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=
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ojHA U ‘ﬂ' 90 2 AMEE= L2 = tapped delay line
(TDL) %0t} 713 72 TDLE 2] (5)& 7+ 2=
=8 Uehic,

y(n +254) y( n+253) y(n+252) y( +1) y(n)

A
dy,(255) d;,,(254)<%d;‘t(253)? ut(z)% u£(1<? (O(%
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Fig. 7 TDL based cross correlation
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Fig. 8 MAC based cross correlation
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