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5G NR (new radio) Alz=glollA] 7|25 71EA%E 5716 53 @i A=A (uplink) o] AR1-S iy
%13l Zadoff-Chu (ZC) A]2~ (sequence)ell 7]HFsF PRACH (physical random access channel) Z2]oiE-2- #53h
t}. 5G NR A|2gle] 7|x|FellM = 71215 715 PRACH Z2|olE 25 2t 5ot 415 A5s Fe 3y X
ol Z231d (power delay profile, PDP)S =&3ly |5 8 2 =] PRACH Z|ES ST W9 oy
2} ZF ] RTT (round trip time)= F43 4 vk UukE o2 CP (cyclic prefix)d] Zol= A (cell) W &
WEe] RTT & Uz ts4d= dHold Ad (multipath fading channel) 2 Q18+ 2|1 #H4}F (delay spread)2]
gt AwE AdAEolel glek o] 79, PRACH Ze|E-S o|83le] RTTE 4% A A4 OFDM Al¥
ZF Bl CP 3F <lelldwt PDP HES T3l S83lct 2 =iollA= ol#gt 54E o]83le] PRACH =
2l ES ©]83 RTT 4o 875e SAEE 953 74 Aes /M 4 e AM=ER RTT 54 7S
A kghct.
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ABSTRACT

In a 5G NR (new radio) system, UEs (user equipments) transmit a PRACH (physical random access
channel) preamble which is consist of a Zadoff-Chu (ZC) sequence to request uplink resource allocation to the
dedicated base station. The base station estimates a power delay profile (PDP) by correlating the received
PRACH preamble from the UE with a local reference signal. From the derived PDP, the base station can not
only detect the PRACH but also estimate a round trip time (RTT) of the UE. For proper operation of
PRACH, the length of CP (cyclic prefix) should be designed to be longer than the sum of the maximum
possible RTT in the cell and the delay spread of multipath channel. In this case, the PDP from all possible
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UEs would be in the CP interval. Hence, it is sufficient to derive partial correlation for CP duration between

the received signal and the reference signal. In this paper, we propose a new RTT estimation scheme requiring

less complexity. The proposed RTT estimation scheme not only offers a better performance but also requires

less complexity compared to the conventional scheme.

I.M B

O1FEAL Holelld] m%e] chaek vlole] el
o 277h 27k 10w o)% 91 5G oFEEA
7]%o] ==Y, 5G NR (new radio) Al2~ElellA
e AR plinke] Ae i) 9
PRACH (physical random access channel) Z2]oI%
(preamble)S- %1531t} PRACH 22|88 CAZAC
(constant amplitude zero auto correlation) AJFZ~
(sequence) % 3P}l ZC (Zadoff-Chu) A|F~E 7|
Hke g 3] ZC AJA2e] AHo] L A|2Ele] AL
Fo el w139 22 8397F ARSI,

5G NR A|Z=glof|A] shte] Al (cell)> 64712]
2l E ADAE ARSI 7 ZeE AR ae T
E (root) ZC A|RAZE 43S AZolA FoiA= dfet
wlE] (parameter)°ll w2} =8|35 (circular shift) A]
A AP, whi 6471] Ze]UE A-x F 3]
s Al€lsle]  L-point DFT (discrete fourier
transform) & 88+ §F 3l 235 oIzl HakEa}
(subcarrier)el] &3k t}S- IFFT (inverse fast fourier
transform) S E3l A7k 3 A3 5 AL AA
AR o AlsE F oo wet kY vkeg 5 CP
(cyclic prefix) & Aiste] AEgct 7|2 Folx = Al
7k 4y A 3] b of o] wlet prhe] Al Als ok
FAZ7E BRERAL Sle FE ZC Alfete] At
(correlation)< FgF F o] & ZH¥ste] A Aol =
23} (power delay profile, PDP)2 =&3}, =&
%l PDPS &3l of2] 7ie] whdellx] A$% PRACH
ZEES AT & JS W oz} 7 e
RTT (round trip time)S F4& 4 3tk

Uik o2  OFDMA  (orthogonal  frequency
division multiple access) A]2~&lo|4 PRACH ==2]|%}
£ ASE 915k CPY Aol 7A=Y v AfelellA
e = gle FHu) RTTS o4 =2 sold Ad
(multipath fading channel)2 <18+ x]e1 24k (delay
spread)d] R} AEE AAIEC) o] A hiER
€] 5% PRACH =2|915-°] PDP+= CP 7%} gt
oAt EASHA "l webx AA OFDM AlE
(symbol) 77+ tHAl CP F-7kel] tiaxint 541 Al5.o}
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715 AlS 7] AR 3hE TElE SEsk o) & Ssl
PDP ZZd 875 E 18 EAEs Y5 HE A
5 MAE 5 Yok B E=RellxE ol#d A4S
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% 7|%4S Algkgke) Algksl= PRACH =& 4
= 7 7€ 7HEd 7 EREE U s

#rk oz} RTT 54 s 71T &+ 9lrh
2 =] AL o3 Aok OAeA] Al =
25 7]%3ta A4 A’ksl= PRACH #% 7|4
o hsle] dwslar Akl 71| RTTC ozt
8 =

RMSE (root mean square error) 54 A3} &
2 =lshe] VAl A8 Wik

Y
by

. AlAR 2

5G NR A|2=#lellA] PRACH Z2]i8-2] 441 314
= a8 13} Zom) ZC A|hxe] o] L AR F
= el wet 139 22 839% dhte] k2 AR
glt}. RRC (radio resource control) Z|&oll4] =it
< FRHEE Sl Zel7} Ll FE ZC ARAE
AAFIAL o] o830 =3t o]%5%l 6471°] PRACH
Zg|fE AFDA = el z[nl,n=0,1, -, L—1
< AR . AdE ZelolE AFAE L-point
DFTE  5d Fa A9 As,  Zm]
,m=0,1, -, L—1 22 W=y BFNT (gaurd
band)°] AF4i=l 3 PUSCH (physical uplink shared
channel)2] PRACH AH (resource)el] mi=gH ] &)
@ PRACH T3} %49 4%+ N-point IFFTS &
3 A7k ) AlE pln),n=0,1, ---, N—1 25 W3}
wu] A gl wlel ke{1,2,4,6,12}H WEE 3 CP
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Fig. 1. PRACH preamble transmitter structure.
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Fig. 2. Received signal model.
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Nal kNS 44l A% o, yln],l= k=12
2 g ok 42 g n] 2 A 7]°ﬂ*‘] Hofrkar

Q= A7 °d9 PRACH =& 7|& ]i pln]<
Asta dld A3E-S A5 (coherent) 22 B[ A

kS (noncerent) A¥ste] PDPE E&3h}7,

ylnl = yIN+nl,n=0,1, -,

PRACH Ze|9% & 27 74 S4he
Eard il JJr’T* Qo Al AEE

He] Akt Ax 4__ :
5 T 9 {E Wgkslr] 9)s) 4]

2)9} 2ol
k7Nl y,[n]el sl 2F2F N-point FFTE 5=3§3tch:
Y;[m] = FFT{y,[n]},m=0,1, ---, N—1. @)

Yiim] % zC ARZ7h o4 gt A5E
2259 Zolrt L3l kel 4l AR~

: k=15 FFIaL Zlm] ARAE o)
_]'021 Al (3)1]' 71_:]_—01 k7H9’] H[nl]am:()a]w“'v[/_l
o

Plml=Zm|Z [m],1=0,1, -, k—1. 3)

=28 449 pmlel (N—L)Ae] ‘0& 57}
6‘]'0:1 P] [m]vm:()’lv 7N_1 % }ﬂ}j-&]’l /}‘} (4)

o o] Agsle] R[m]E AT ok

Rlm] =Y,P'[lml,m=0,1, ---, N—1 4)

rln] = | IFFT{R[m]} | 3)
0|2 E3)] Z[m] S PRACH Z|9E2 A53 o
bz} 7]#)5 7k RTTO) Hgk 343k d 2 2] (6)3 %

o] =&% & qlrk

d= fiargmaxr[n]. 6)

II. Migtsh= 718

PDP =% A4 A== B4l A4k} FFT=
413] @34} (linear operation)©]| 22 <=3 $=AE vlE
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Plm]=2Z[m]Z [m] ©

Plm]el (N—L) 79 ‘0L i to]
Plmlm=0,1, -, N—1 & AR o1& 4 (100S

[e)
=3 PDP r [n]% == 4 glvk

r'[n] = | IFET{P [m]} | . (10)

’

A1 (10)ell4 =Z% PDP |
gllER Zm] S A$F ghdsle] RT
(11)& o] gsle] Ak}

—
8
o
2

d= f%arginaxr' [n]. (1)
2 -(5% 53 PDPE EZFdhe 459l 4

S
(N-(10)ll 7155 Algksli= 7|H-S 53] PDPE =&
sh= gl 875 BREE Hl stom 1 4
= 3 13} 2k & 1l B 5 gl vkt %

N=2048, L=139, k=2,4,6,12%9 ] As}=

7]&4 o /\]_,Q_tﬂ— _‘Il B 1:1‘14:! 7]?\,: B2l-=2 7k7)

P'[0] p'[0]
P[] \ / P'[4]
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wy
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Fig. 3. Signal flow graph for deriving only 2 time
domain samples from 8-point IFFT results.
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PRACH?®] A4} 52He- $lslM= A2 CcP 2
ol A lold] A 4 gl He) RTTS) 2ols)
Al gAtke] Aolo] Hr) Zojof gl AlglelA
A3k CPo] Aol7) slied Aol AR 4 9l
o] RTT 2eh 2 7% 41 (109 d & 34 CP Ao
X} gk ulebd] PRACH Ze|E 7% 2 &9 o
o] RTT 545 H3lx= A (10)7 2] N-point
IFFTS 53] v [n],n=0, 1, --
sk oAl ' n],n=0,1,
3 o] & Fdll 8= 7‘ s 24 4 9l
t}. N-point IFFT A3} 5 298] 552 FAR = ul
o] AZE o3 AEW TEshs We] As sEE
(signal flow graph)+= 23 33} #o] vepd 4 gjc}
a7 32 N=8,u =298l 735l a3l ﬂﬂ] NA
O] IFFT &4 5 wi®] AEE ARkl 735 AA

log,N7N2] ¥H| (stage)E & "HA% a = 10g2Z7H9]

_4

Al A= B FA! (complex multiplication)e] A
3 Fesx] ¢gew N—u WY B4 tiA

(complex addition)3t 2 e3}c}. wlebr] N7)e] IFFT

. . N
29 A 74 o) Jloga el B B

E 1. 71% 7145} ARk 716e] RTT #40) 875 AR 44
Table 1. Required computational complexities for conventional and proposed RTT estimation schemes.
Items Conventional Proposed
s N N )
Number of complex multiplication (k+ l)ElogQN +kL ElogzN + L

Number of complex addition

(k+1)Nlog,N+ (k—1)L

N(log,N* + k—1)
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At oS AR|she 55 ZelgiE o]l
71 71473} Aljkshl= 714 e] RTT 54 RMSE
55 3 40l A TPl E o] 83te] FIsl9]
ow 1 A= :La 4, 59Jr 7]":}' 2l #At gkt A
d e e A | $18ll & 44 RMS
x|l Ak “Indoor offlce”°ﬂ f=3h= 20 nsece}
“UMi street-canyon”°l] s]=5H= 66 nsec® %511
on Ad 2dl2 NLOS (non line of sight) Ad X
gl TDL-A Ad 243} LOS (line of sight) =g
wdel TDL-D A =elg ARgsiicy?. o3 4=
TDL-A Adellx] RMS Aad gt ghell u}2 RTT S
el thgk RMSE Asolck Alteh= 7] 7%
CP 77t Wj2] PDPRHS o]&3le] RTTE FHsln=

‘F

E=Z% PDP F HA#E 2= 70 94 CP 7 W
Z A=l uepd 22 OFDM AlE 7t digh
PDPE 53| RTTE F43k= 71& 71‘11 tiv] egk
ZE RMS A& Ak ghell disl] Y- SNR (signal to
noise ratio) °3ellA AkE RTT 4 A5 1Y
AR A= o= a9l 4F 53 1% 5 gk
17 5= TDL-D A'dellA] RMS #]ed 4k gholl v}
£ RTT 5A°l| tig RMSE A5°]ck TDL-A A2
slellAle] A3t A2 e’k 25 RMS A4
Ak kel tel] Agkshs 71Hle] 718 71 Ee e
SNRol|A] 84FE RTT 4 A5S ok

mi"
—— Conventional
= = = Proposed
—ap— 2() nsec
—a— 66 nsec
7 1u'1H
= ~
o Sy
bt - - - - 1
TV
Vo--v-s 7

102 - - - - - . -

A0 4 6 4 2 0 2 4 6 810
E./N, [dB]

O2 4. TDL-A Adels RMS =4l g4t Fholl w2 Algt

3= RTT 34 714 RMSE

Fig. 4. RMSEs of RTT estimation schemes under TDL-A

channel with various RMS delay spreads.

E 2. A (D-10)°l4] 875 A A
Table 2. Required computational complexities for Egs. (7)-(10).
Equation 7 ®) ) (10) Total
Number of complex N N N
- = log, N L —(log,N—a —log, (N*—a)+L
multiplication 2 0% 2 (log, ) 2 o8y @)
Number of complex | v | Mg,y | - Miog, N—a+1- 2i Mog,N*+k—a— Q—t)

addition

E 3. 5G NR PRACH Zz]9E5 o] 83 RTT 40| 875 54 4 3l
Table 3. Required number of complex multiplications for RTT detectlon algorithms based on 5G NR PRACH preamble.

Complexity of Conventional Complexity of Proposed . .
Preamble Format Relative Complexity
scheme scheme
Al 34,070 20,619 60.52%
B4 148,100 21,643 14.61%
COo 22,667 22,667 100%
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Fig. 5. RMSEs of RTT estimation schemes under TDL-D
channel with various RMS delay spreads.

E 4. AAd sietle
b

A
le 4. Simulation parameters.

Ta i
Parameters Value
Carrier frequency 28 GHz
L 139
k 4
N 256
Channel model TDL-A, D
RMS delay spread 20 nsec, 66 nsec
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