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Abstract

Integrated sensing and communication technology utilizes wireless signals to achieve sensing func-
tions such as target localization, detection, imaging and identification, which is one of the most
core services and applications of future 6G communications. In 5G communication networks, par-
tial communication sensing technology can enhance network collaboration and resource alloca-
tion by sensing base station directions. This paper focuses on the direction finding of the signal
source in 5G mobile communication systems. To this end, we extend the multipath angle estima-
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tion algorithm based on narrowband transmitted signals to the OFDM systems in 5G networks,
and propose an algorithm to sense the directional angle of base stations using the autocorrelation
property of the primary synchronization sequence in the downlink synchronization process of 5G
systems. We evaluate the algorithm’s performance using an accurate qualitative radio channel
generator at different signal-to-noise ratios. The simulation results demonstrate that the 5G base
station sensing algorithm can clearly represent the direction of base stations and scatterers rela-
tive to the receiver.
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1. 518

FARBIBEHARGG)E 2020 H2 J5 CABWH H, FHs (s W25t O/ A BRG] 9 R &
[1]. BEBELFAERETe. MBI, BRLEER, WA 7T — RtV EW . BEgHl. HEExEN
fRF&1 B5G/6G B AR MBI 5t e (H AR IR R Mol 55 %o B B e 15 o0 286 ity 1) ity (115 B AR FRAE JJ 4 H T
W EDR, HACERURE — A I A S S R PR
o JEEH AR ATER SIAL S .

o JB{EIhAE S RN T REAH TR o
o EAIRE IS R ) HA — B K TG AR FLAR R LR TR K

XGRS R T I T 2 I 285 2R A RIAH D A ) SR8 v ORI FH L 22 SR N7 P 288 i I P 9 28 oA 4% 25
FRIAE R AR LR, A 1 3845 % — &4k (Integrated Sensing and Communication, ISAC) K £% 444 15 41 5%
BORMIBT TR R FE[2] o B AE BN — Ak AR (A% 0 B 8 S AL TE 2R 38 45 AN TS 2R S8k P AN ST () Th REAE [R]
— RGP I HAE IG5, B I T TR S I B B BRI 0t IR B 1 8 AR
ARATIREN[3], WL HE S TS AR, T AT BRI T

A BAF B R AR 85 R A — A B B R 2 — o T o4 M AL £ AN o N WL 5 1) g i 45
WS SRR BT, (5B E AR B 2N RN X, FESE TR S S A BT R 0 55 E AL ANTE[4], i
AL BRI AR BN IR TR 25 1F o 78S 4R N 48 Fh SR B A U2 A o7 B A T LS B8 A v Ak
NI ) S50 T LB (A DA TR 4% i R i Ao A JE RS 8 TS PR A 3R 8 6 R4 [5]. [FIR, 5G MIZE ] LA
T SR AN 0 FH P A B AR PR A e 2 S T I 4 RS A = [6]. EEXT BG ML NPT
A R EAS BT S B EREL H AT & XA H 56 Z K3 (Millimeter Wave, mmWave) {5 18 [ 545
S S M 7] [8], BRI 5G 4 1 (New Radio, NR)Z S Rk i S 455 41 %) 7 6] #3474 1H[9]
[10]. ASCMARYEE (552 A MMt HIE, 18 TEH T 56 M4 OFDM R4iM £ & MMt Hik,
R AT RIS AR R R0 51 R ) A SRR SE IS G Bkt 77 [a) A (R A 11

ARG H N R 545 2 /v 5G JB1E RGP TR R Y 3 N HZ A AR
PERAR R R G IR, T 4 N T 2R MR 5G FEuhll &y, #AT 5 B g
R
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2.5G ARG T1TRIL T FE

5G B EAE N 5G {5 RGMEE 1%L, XK B 85V i) 4% 1 (Medium Access Control, MAC) )2 %k
PEHEAT A ISR ALY B AR A [11],  Foh N AT RIS Sl W) #4538 (Physical Boardcast Channel,
PBCH) @47 1% %t £ i 75 AL J5 e e 36 sk A ) 256 3k 7 B9 % 32% 1) [R] 25 {5 JE 3t (Synchronization  Signaling
Block, SSB)H#][E 15 5 (Synchronization Signal, SS)FI¥#E) #%151E £1 4 (PBCH Data) ¥l 4T F (2
FEAZR D AR (] [ 25), SREUNX ID. HO8ise, o 58 e i S A S 2, B AR T AT Dl f 4
Wi R G5 B RBENL B NI FE

—> SSIPBCH ) &itgtn &l 1 frow, 72 [F2P{5 % (Primary Synchronization Signal, PSS). 4 [F]25
{% 5 (Secondary Synchronization Signal, SSS). ¥ #1518 L\ K i 2 7% {5 5 (Demodulation Reference
Signal, DMRS)PUE4r 40 % . SS/IPBCH Hifilkifi A DMRS, DMRS [#zis A B HPEL/NX R NS B 4
e, DASEIU/NX R ) IEAL[12] . i fERET FAT RO H B e BT /NX 2R, XTATREM 3 R EFBES
BEATE R, AEAARIERSES, RN FRR 2 (NG =0,1,2), HEXTTHLM 336 4%
I 12 S AT BRI, SREUBE /N X AR IR 1 (NG =0,1,2,-+,335) . Jli bidid R HL 5 AN EEL /N
X AR, 2t E /N X 1D 5y NE <3N + NP . e 65125 B AT A I o A epr, 0 [R5
SARDCNE, AT DA E B S AT (][R R R . RS X P IR S, 3E1T DMRS {55 1R, H
it PBCH F 11 ¥ B B (Master Information Block, MIB), #k75 &4tni-5 (System Frame Number, SFN)A12
WiFe 7, AT 58 G 2R M e B DA K i i, R AT [R5 56

239 /P\
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Figure 1. Schematic diagram of SSB
structure
& 1. SSB it EE

3. ZERAMBITEERAMALR

T4 (5 SRR RE B RIS AP RRASY), MR RUN  ATST. IriAnsest. Xa T8
[Fl— {5 5 2 A F I SE BE RO, FER B3R LR 2RI R . fESLPRI) 5G @15 R, BT
BRIE SRR E SRR ULARGE S RSN, 2855 REDr mNEER. B s Kk
R IR S REAT AR T AR, A7 8 A T A T 5 RO A1 [13] 0 (HIX AT iR AR B 4%
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WG S ST, SMESHMNICINES, RESPHE S 2R, A A T 18 FH R
J7 1 (PN [R5 51 i 52 (MAPS) I B AT H AL R 4% — 2% DoA 187 & [14]. 1% )5 R BB E 5 R EWE S,
AR BT TH R E RS (PAA), MAPS & Je N EEAMERR R AR IR IR 2% BE AT B 51 i B [ B (PARV), 98
J& B BT HAG TR DoA. ZITVEAUE G T AHTE S T, W HIERES R E SN E A, A
THETZEEBCE R, BN EE ST % 56 MK OFDM R4, 5ERt 5G ek i il r) 2
pIIKITE=A

31 RGEE

ik 2 przs, %5E—> OFDM M a5 Rt . fEIZRG T, A2 MNEENE TAH ), HEui A
IR B R 2 BeAh, SRS &I yz ~FIBCEL 1 N, x N, BRI 50 P IR R FE, N, Rl z By 17
PRI REHL Ny, BBy BT R REH . 8 K = Ny x Ny, » KRR REFE TSN, REH
BEd =054, Ay, = TRUFE IR i KB AR 5 PO R 5K

!
\ms;%liﬂ" A

E-31

-3 S )

Figure 2. System model
2. RGHER

FIEAE S IR PR

s(t)= ZN:bn rect; (t-nT,) 1)
v, recty (t) /2 —MRRGEN DA T, BT ZE ki, N SRR BB P SR EE, b, S AR 78 ki 2
=] N l
P IA —
Tb
2% [) B 358 £ 8 v 2 A 2R 2 7 i =BT
h(c)=3 hee(g.6. F)o(r 1) )
1=1

Hep, L2ZRIOECER: b FoRE | FBRNEEELR; o RR58 | FBAENE SR, o RoR5
| SRERARIOINAE s ¢ 6 2250 | SRERARMITT R A RINA: e(q,6, T ) RIERN f G S | KB KH
K, R AR R
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& (4.6, 1)
e(¢.6,f)= : =e(v,)®e(u) (3)

e (4.6 1)

HULTIR R, ARG £
v, = 2nfd sincqﬁ, cosé, @)
y = 2nfdsin g, (®)
c

fd_05f4,, 05f ©)

c c f

max

T KRR T AR 3.5 GHz, THARBEINIIG & 15 KHz, % FE)7 UV A RO SUSF 51 K I < 240,
BT A, AT

f
fmax Nl (7)
B, HATH
v, =Tsin ¢ cosg, (8)
u, =msing, 9)
e(v, ) _ |:1 e ... gl(NeDv :|T (10)
e(u| ) — |:1 ej“l . ei(th’l)“I j|T (11)

HI I HAT 45 7 R 5 INHERAA LR AR T8 ki DL PRI RIE . IR ABUE 555 T KR E 5 515
Bk R AR, BARRIA AT s

Yoo (7) = M (7) 5(7) + N,y (7)

(gh,emem(qﬁ,,@)&(r—r, )j*s(r)+Nm(r) 12)
:Ilelh,CHem(gA,cﬂ)s(r—r,)+ N, (1)

He, mERE m ARLETT, s(r-7) RRKIEES s(r) BRI EE 7, 2HEREFERIES: e, (4.6)
%mﬁ%%%ﬁ%ﬁ%ﬁﬁ%;éW”ﬂmm,%ﬁﬁl%%%%Eﬁﬁ;Ndﬂ%ﬁ%ﬁ%%,ﬁ
VNG BT
3.2. ZRAMTEZX
SRWA E S MRIEESHEMERK, TLER.
p(z)=(Yn(7).5(7))

{ih,wemm,a,)s(r_r,)+Nm(T)j*s*(-r) (13)

1=1

= fo

= NPbIZLl“h,CHem (4.6)8(r—7,)+N, (7)
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Hrr, B RRKIEFFSHIFS AR, JFHA:
s(r—7)*s"(-7)=NRS(r—7,) (14)
Nn (7)*8"(~7) =N (7) (15)

W RO P A RAF I EARORYE, i DA AR SN RO A8 TR L AN, anlA] 3 B

e

fi

T T T T Hf 9kt

1 2 3 1

Figure 3. The time delay domain peak of the mth array element
3. 8 m METHRTEFIEE

ESCHRE], 5 m ANEETE A TER AESOR RN AE AR L AN, W ORI NRAC e, (4,6) - 3%
1165 m ANMETE IR A )Rk, TR, 108

a, =NR[he,(4.6) h'e,(4,.6,) - hMe (4.6,)] (16)
B2 AFZUSOR 2 B 471 i it () B A Wi mT DA R B R T 3K
a, thHe1(¢1’€1) hZCHe1(¢2192) hEHel(¢L’9L)
A= a':z :pr thHe2(¢1"91) thez(¢2;6’2) hl(_:Hez(¢L'9L) (17)
ay h1CHeK (¢1'6’1) theK (¢2'92) hEHeK (¢L’0L)
Hr, 8 MATERZRE M AT, 281 5RO O8 5 | SR P E I . JATHE A MZIFR A2 S
| KRB R R &, EX RN T — 4L 42
5| SRR B AR I B R e — PR IR A
h|CHel(ﬂl‘9|)
CH
v=ng | VWA | g e (18)
hec (4.6)
L1, e(g.6) 2 K 4R, TIRME | FER1E00 DoA. FRATH H bz M4 VL5 3 (¥ B A% 0 2 5% 20

H
(4.6)-
v, 111 K x K 4 I 23 T LU SO0 T ET438, RA2IET (4.9,)):
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2

) ) ©ee
Cr=vv' =[NRh™['ss™ =|NRAC[T| 5 (19)
eKef |eK|2
RHBH], C MFZ 1, JFH T MRHEER 2
’?1 |NPhCH| Zk 1|ek| _|NPhCH| Zkl k ﬂ 6) (20)
A=y == =0

M2 C, BIRFAEAE A 0T BEFRIRFE [F) 5 uy (AR P26 | SRR RIRFIE R . BRI, JATA R 513 oy
IEAZ T oA R AR X B I ) Ay R 2 ), B

u, LB, (21)
He, Be=[u, uy - uc]. BT B MWEMBAASH TN, FIRA TS HATH 5 | 5%
LMK (4,6) BIERZ TSH P20 Bk, 2R AT LA~ E X

1 1

(22)

P oy B.) o (4.0)B.BE(00)

2 () ST R UG o N ) £ FEE B AT TSR 8 B AR 5 170 £ o
3.3. (HELER

R T IRZ AT EER B AIYERE, FRATRAFIIKE N 720, #RZE 5124 650 (1) Zadoff-Chu (ZC)
FHWERNRIEES, KA 2 x 4 FPIRZERESIE AERCRZE, #IH QuaDRIiGa 518 A &S HL - HliUE
B4R EE RS ER ZE . QuaDRIGa i1 S B B W55 1 fis:

Table 1. Simulation parameters of QuaDRiGa channel
%% 1. QuaDRiGa [FiEMHES#

IR ZHHUE
SRV TR S 3.5 GHz
i B 5 3GPP_3D_Uma_NLOS
AN 500 m
R HLAHL 2
TR AR 15 KHz
KB E 1.5m
KRB E QuaDRiGa FHLA Ak
AL E (0,0,25) Hfi: m
RIEREEIR ‘omni’
FRIR £k 257 *3gpp-3d’

HMHI QuaDRiGa {58 2L B AFEMHLNUA S WA A B 1A 4 Pios: 20 IE =AM B Ros LA
TRIUH AR O LB, SRR /N 3 B B PR R s SO LI AL B, 3208/ SR AR R LR A B
HIE 4, BATAT AR ZIR SN L BL RSy B O AR i B A B, RS Wk 2.
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Figure 4. Relative position of receiver and transmitters
E 4. BEWHAN & SHLRFEXT AL E
Table 2. Physical coordinates of transmitters and scatterers (unit: m)
2. KGN ANEGT AR IR L FR(BRAL: m)
Kbz PR AL BR
R 1 (—385.304, —77.8423, 1.5)
B4 1 (-53.1727, 80.7967, 5.89314)
1A 2 (—3.90104, —18.9355, 27.8402)
R 2 (—47.2302, —150.607, 1.5)
U 3 (-107.784, 24.0733, 11.7262)
U 4 (429.629, —189.518, 64.0901)

FRATTAR I A S AU PR AR T3S (o0 B 5% 3 TS5 A S LA SR 445 14 #71 B2, 13296 M ) QuaDRiGa
FIEAEAFEWELL(SNR, BA7: dB)BEAT SR 07 SIGAE, A0 A (5 A B8 WA 3, T A A g & A
HRENE 4.

Table 3. Elevation measurement results at different signal-to-noise ratios and theoretical values of elevation angle
= 3. EREMEMEEE THMMANELARIUARMAEILE

REHL 1 HUR A 1 Bk 2 REIHL 2 HUR A 3 HUS 1A 4

-15dB -25 -10.1 9.8 -10.0 -7.6 45
-10dB -3.0 -10.6 9.8 -9.3 -7.4 4.6
-5dB -3.2 -10.9 9.8 -9.0 -7.3 46

0dB -3.3 -11.1 9.8 -8.7 -7.2 46

5dB -3.4 -11.2 9.8 -8.6 -71 47
10 dB -3.4 -11.2 9.8 -8.6 -7.1 47
15 dB -3.4 -11.2 9.8 -85 -7.1 47
IR {H -34 -11.2 8.4 -8.5 -6.9 48
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Table 4. Azimuth measurement results at different signal-to-noise ratios and theoretical values of azimuth

A ETRERILE TR UANEERURGUAELE

KL L MU 4 1 WU A 2 KA 2 MU A 3 U 4
-15dB ~168.8 124.1 -103.3 -107.8 168.3 -24.0
-10dB ~168.7 1238 -103.0 -107.7 168.0 -239
-5dB ~168.7 1236 -102.8 -107.7 167.8 -23.8
0dB ~168.7 1235 -102.7 -107.7 167.8 -23.8
5dB ~168.7 1234 -102.7 -107.7 167.7 -23.8
10dB ~168.7 1234 ~102.6 ~107.6 167.7 -238
15dB ~168.7 1233 -102.6 -107.7 167.7 -2338
HiBE -168.6 1233 -101.6 -107.4 167.4 -238

RATF & =|Ag| + |00 AT B 48 40 B B

T, Ag RETT A AERAE SATHER ZE, A0

A THE S FERE R Z M, EARGEWRIET Z2EAMTHERERER A 5 Por. TRZREY, K
SEHLE T R AR DN R A RAR AR, U AR 5 A I 5 R 2 BOR, T ELRE S (5 e L i, Jeie
FE U RIE AL K S LR AR ZEERAE IS o RIS S 5 AN [ 5 U OSSR 10 07567 A 00 B AN A 00 {22 031
AR, T Ut B R P S SR AT B A A AR ZE M B . RS, SRATT AL BE (5 e EL A3 T,
RS A AN A AL T — M. 28, RAMEAZEIRAE . XU i B A R P B A B A
BA T 3 550 1 BT AL A A A AR 250K . AETEERASTEM BT, UM BT R ER R . — R
PR A T RONIR AL R N T T5 B SO TT S A AR Ay, A SO R A4 1) U AT v B P B A
REFERES AR EALE, N SBERRGIRE. HAERESFINEEN, Z2M MR IR

W PHE 5 212,

35

2

(VSEEN S/

i

—k—R A1

3 —F—HU AL
3t —— k2] |
—o— K HH2
— O HURA3
25} —o— gl ikal g

¥

{51 LE(dB)

Figure 5. Performance of multipath angle estimation algorithms with

different signal-to-noise ratios
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4, 5G E b rE st
4.1. MEHRIE

1E 5G l/E RS FATIRE SR, 18 1 st SSB 1) PSS J5 41 B R4 1 E AH g e, Rtk
I EES 5G Fulill 7] FIHKHE . PSS JF A& = 26K EEA 127 19 m JF 5. m 5 RN et 26 I 1t
AL BT Y, VIS EA AR R], HrPWIisF 52 A IR 2 T 255 8. PSS F41

HARA A AT
dps () =1—2x(m) (23)
m= [n + 43Nf§)]mod127 (24)
0<n<127 (25)
Hep, x(i+7)=[x(i+4)+x(i)]mod2, Ny e{012}, JEEH m FHRIEF RIS N
[x(6) x(5) x(4) x(3) x(2) x(1) x(0)]=[1 11011 0].

FE 3l 5 1) RN B R B LI W B SSB JE K PSS 51 1 FH 22 4% i At vk it T 52 3l Bk 20
MUEE I f . BARDIR S 0 B

i) ZEREL A SS burst. MIB 1 SIBL fIy T, FLEMHE/NXFRIR, )l 5G BERGFLLES, Bk
SN 5,

i) KIEPE @ QuaDRIGa {7184 B . T QuaDRiGa fHiE AN E e 75, T AT B B (5
Mt L e e AT B T V2 o v AT T g s

iii) ZEAESER s R H BT FTRER PSS 7 A 5O AR BARDG, 15 25w AN BN X FRid 2.

iv) I AT AR/ X bR IR 2 6 B LA DGR 25 5, FH 2 A% A A T BV it T 8l A A Ak A 2
WSCHL B 45 1 £

Table 5. Base station direction-aware simulation parameters configuration
5 B pmBRMTESHEE

i AZH ZHIRE
SSB M4k 8
Ne! 102
JA 20 ms
Offset To Point A 0
THBAwE 0
TR AR 15 KHz
SSB Block Pattern ‘Case A’
DMRS Type A Position 3
BR/AMEIE 5 MHz

4.2. B35 RBAUTESR

TEA BRSO UR S yz “FHCE 2 x 4 P R RPN R 2k, FIA QuaDRIiGa {18 N A
SIHL - BEROHAS T8 AE AS 1 R EONE B & . QuaDRiGa 1518 A A& & W, % 1. QuaDRiGa {5i#
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A R B L HUR A S BRSO LR AR R 7 B L Bl 6.0 2060 TE = iy BEIRR R s HE SO L Bl 1 50 e e 1) oo
B, P DR R B RS SR AL B, AL N T B EAR RS BN L B | 6, FRATRT LAAS 2
Skul . RUSHLEL R e TE BB R B g, BARSE % 6.

Table 6. Physical coordinates of base stations and scatterers (unit: m)

6. BIAURMSHAR IR LAR(BAL: m)

Kbz VI AL AR

b1 (118.739, —149.503, 1.5)
A 1 (2.8475, —29.9472, 19.7689)
U 2 (206.187, —70.944, 17.3888)
Kk 2 (—32.4365, 210.845, 1.5)
U4 3 (94.8044, 277.607, —36.0014)
U4 4 (—24.8674, 35.5364, 25.3455)

O Tx-Position
O Rx-Position
60 A s

v BS
> —-—=Tx-FBS (b)
o X -24.8674 —==='RxLBS (a)

Y 35.5364 —-A—--fg:;B; ©
X2.8475 (2253455 2 Ls pa
® ﬁ Y -20.9472 P X -32.4365 o

e Y 210,845 [Z===Tx-Angle

Z15
G

Z19.7689 -

z-coords in [m]

i Y 277.607
Ty % Z-36.0014

x-coords in [m]

300 -100

-200
y-coords in [m]

Figure 6. Physical location of base stations, scatterers and receiver

E 6. Eufi, HSHASEREANEEVE

FRATTHR A 22 3 RS 1 S5 42 SOHTL R AR O 7 B T 5 sl AT R K A1 5, 5B A QuaDRiGa f5iE
FEAN [R5 M LT 0 B8 3l AT RS A A - BB L A AT (o A I B AN B E R 7, 7 hifh
F1 0 A R B 4 L3 8

Table 7. Elevation measurement results at different signal-to-noise ratios and theoretical values of elevation angle
%= 7. ERRMERETHMANELERMMAERE

ki 1 HU A 1 HUI A 2 Ayl 2 HUA 3 WU A 4
-15dB -7.0 -8.0 -10.0 -7.8 -9.5 -2.6
-10dB -7.0 -95 -10.0 -5.8 ~10.6 -2.6
-5dB -7.0 -9.9 -10.0 6.8 -10.6 -2.6
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Continued
0dB —7.1 -10.7 —-10.0 —6.4 -10.7 —2.6
5dB -7.1 -10.5 -9.8 —6.2 -10.7 —2.2
10dB =7.0 -10.5 -9.8 —6.2 -10.7 —2.2
15dB =7.0 -10.5 -9.8 -6.3 —-10.7 —2.2
HIME -7.0 -9.9 -2.0 -6.3 -11.7 0.5
Table 8. Azimuth measurement results at different signal-to-noise ratios and theoretical values of azimuth
52 8. ERRERETHAUANEERMALAEILE
Bl 1 AU A 1 B 4 2 ek 2 A A 3 HUR 14 4
-15dB -51.2 —75.8 —21.2 100.5 69.7 121.7
-10dB -51.8 -78.1 —20.9 98.2 69.9 123.0
-5dB —51.6 -79.9 -20.9 99.0 70.1 123.0
0dB -51.5 —81.3 -20.8 98.8 70.2 123.4
5dB -51.5 —83.3 —20.8 98.8 70.3 123.9
10dB —51.5 —83.6 -20.8 98.8 70.5 123.9
15dB —515 —83.6 -20.8 98.8 70.7 123.9
HIR{E -51.5 —84.6 -19.0 98.7 71.1 125.0
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Figure 7. Base stations and scatterers orientation angle error
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Figure 8. Directional diagram of base station 1 and surrounding
scatterers at 0 dB
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Figure 9. Directional diagram of base station 2 and surrounding
scatterers at 0 dB
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