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Research on radar ambiguity function of external emitter based on 5G
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Service , Guilin University of Electronic Technology , Guilin Guangxi 541004, China)

Abstract: With the opening of low-altitude airspace and the development of aviation technologies
such as drones, the detection of low—altitude targets in areas with tight electromagnetic spectrum such as
cities or suburbs has become more and more important. 5G based passive bistatic radar has a wide
application prospect in this field. Compared with 4G network, the implementation details of 5G waveform
scheme have undergone essential changes. Therefore, the ambiguity functions based on the signals of
different external radiators are also quite different. Nevertheless, there is still lack of research on the
ambiguity function of 5G signal. Based on basic structure of signal, the differences between 5G signal
and 4G signal in frame structure and physical resource structure are analyzed in detail in theory. System
simulation model is built, and the radar ambiguity function based on 5G signal is simulated. Finally, the
cause of the ambiguity and the possible influence on the signal detection performance are analyzed, and
the suppression methods of some side peaks are briefly explained. This work provides a new idea and
direction for the suppression of side peaks of external radiator radar based on 5G signal.
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VAR sl i 1545 5 0 SR A DR A U TR ik, nl o o 2 W) A OO0 48 A e 4 [ A e, AR F A AL A AR S
SEGUREAT T R B RS, SR TR NS E BT OCTER T SCER[8 A TR R SE, Bk TR 4G
KW i (Long Term Evolution, LTE) {5 5 #RMK2S HARAY AT A7k o SCHR (914 X % 3l i {5 5 5 4 i3 A ol 45 4 v
A9 R AR DA, AR5 2 T R WA T 9% I S 0B () A 0 ) D73k o SCRR[T0T4 X LTE 55 A AR R K50k e 450 v
AR, M LTEAS S A AT, W8 T 2 7205 5 10w 3 5 ik i BOMT R BORR 1R, 2087 1 Wt IR] BRI A5 19 77 2 Jit [
I T ARRL AR T 3% o SCHR[ 11 LTE M5 S5 450 1 A, 23 B AS Rl BRI 0e 477 AR LB, 00 7 45 R0 1P i i
IR R R W A AR A U, R T RO A 3 e BRORUBUS B S T I R AT o DAL SCER 2 BE X LTE {5 5 Bt
TE AT ifie, M T 5GAE 5k UL, HATAMBrsE X80 o NI XS 5G 155 BH) ek BURF P A9 1) 8T 320 75 B T
e .

Wi R s A5 BRI &, 5G M Z K 2 MO AR R BB Sl 5 REEM . SESH 4G LTEF S, 5615

S SEH L, BB R, MRS HARBRIIGE 5k . 5 4G LTE A5 5 [ E MW AR, 5G 155 Wigh il R % £
AR, HEBER pR Rt B T 2 AL S B R TR AR, 45 sl TR A BRI A R T IR A Bk AR . X AR SO 5GAF S ot

BHAT, W0 T 5G5S AR T 4G LTE 5 5 WA M, BIE T 05 5 RO eR K5 5 38 S0 Pk BB 2 A /YOG &,
IHe 5G B 25 T(NR)E 515 4G LTE {5 5 (BRI Rl 0 BEAT LA, 05 A [l BB il g £ )7 A2 HILBE BEAT T PEAR A4 7347

1 SGIESHW

5G iR ARG EAE LTE ARG R LAl L b 17 ok ki, W 8RR 1745 38 19 9% T2 5 R 1E 28 48 43 & ] (Orthogonal
Frequency Division Multiplexing, OFDM)$ R ¥ # . 1fii 5G NR #H%Z T 4G JC £k Wi 59 4% 0 25 fb & 5G NR A ALAE(S 5
W B T 2R, 0 H AT DG B 2 RO R 0 R, RIS K B R A T AR AR, SEER T
25 OGP R IG B, 4% T AP U2 B4 5G NR K I B AR 4 R B, 4 R LG 3R AT 2% (Normal
Cyclic Prefix, NCP) I} B4 & 14 4~ OFDM £F %, 1 415 5 (9 7 2k P [ B o 60 kHz IF, 5G NR SCH¢ 4" A6 FR AT
%% (Extended Cyclic Prefix, ECP), HIAE/~HFER H 414 124 OFDM 455 . 7 NR *f', 3GPP £ E 45 5E T 2 MR
Fl: —A~J&Sub 6 GHz, FRHNFRI1; 5 — 22K, #ROMFR2. RE T, ASSCEZEXTFRIME T 94 T 17
NCP B B A5 5 FF 5T .
1.1 TTYEEES

5G NR [ FATY) PR 1 (45 . ¥ P F 4735 %5 i (Physical Downlink Shared Channel, PDSCH). ¥ 3 & {5 it
(Physical Broadcast Channel, PBCH) 1% # 17 4% #l {55 ii (Physical Downlink Control Channel, PDCCH). [Ff} 5T
PEEEE R AR, WAFERI, 56 NRIUH T /NX 2% {55 (Cell Reference Signal, CRS), HRHZS%
{7 % (Demodulation Reference Signal, DM-RS) 1 {5 il Ik & 5% & 2 % {5 %5 (Channel State Information-Reference
Signal, CSI-RS)IMl 5G NR (il (R4, JFEE T MO B EE 2 % {5 5 (Phase-Tracking Reference Signal, PT-RS),
¥ [7] 2 {5 = (Primary Synchronization Signal, PSS) 14 [7] & {5 5 (Secondary Synchronization Signal, SSS)!'*!, H:
DM-RS 1 PT-RS FEBE 5 W B T A7 (5 8 (5%, PT-RS /& 5G NRFSI AW LI T4 P ESZEYS, FEHT
i 6 GHz M5B LA b ™ o 1 AR 07 M 75 AR 22 o A( B B A0 T B9 {5 5 A B AR, IR A 7 ) PT-RS . W13 T A7
{538 (1 — ML B FR AN 1 TR
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Fig.1 General processing procedure of the physical downlink channel
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SR N 10 ms, BEWUE S AL 1047,

B/ T K S 1 s {ELEAS I BB 0 BT JE

PR T 2% (5] f (Subcarrier Spacing, SCS), H B 2 [ B ARG, B4~ T Ze it/ i v BT 42 5 1 BsF B 450 e A7 b 3
i, B AR R EM N . R T R 2R E S R, SGNREIATHERENRESHES, LFFTHE
PRI R 27 < 15 kHz RO BL & . Bl anfE 6 GHz LA F WML, 515 kHz. 30 kHz. 60 kHz 9 F 2R 3 [RI B, X F A
] (0 72k D (B B, AN B B A S5 O AR 9, BIAL5 14 4~ OFDM 455 (ECP 5 . % 121~ OFDM %) . K&l
245 T 5G NR F HLIE P8 A28 76 S 6] 7 2R 0k (1 B T 1945 5 W2 44 .

1
€

wireless frame (10 ms)

<

#0|#1‘

subframe (1 ms)

slot (14 OFDM symbols)

#0 [ #1 [ #2 [ #3 [ #4 [ #5 [ #6 [ #7 | #8 | #9 [ #10 [ #11 [ #12 | #13 | SCS=15kHz

0.5 ms

SCS=30 kHz

<

€

slot (14 OFDM symbols)

0.25 ms

SCS=60 kHz

—
slot (14 OFDM symbols)

SCS=120 kHz

0.125ms | |
[PEEEEN

1 1
" slot (14 OFDM symbols)

NR 75 i 0 3 7 B T 9590

Fig.2 Frame structure of NR
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BCFHBE A B T NR I LTE % 76 [/l — 4 F 80 1o NR y OFDM £§5 (% NCP) K JE /& ( N/ + Nty , ) x T, NI

N& B BUE =X @) A= (5) fr s o

Ny = 1144k x 27+ 16k

N/=2048k x 2"

S512kx2* ECP
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144k x 2+ NCP, /5 05/ 7 x 2"
2 g g 3 I ) B G B B 508, X T PSS . SSS M PBCH(EN [l A F )M & e {0,1,3.4), X THIE(EHETS
we {0,1,2,3} o ARHE() AT LLTHR H NCP 78 A 6] 2% 0% (B B L & F A5 K BRI NCP KB, S5k 1 iR .

F 1 AEARFHP M RECE T A5 K BEERINCP K
Tablel Symbol length and NCP length under different subcarrier spacing configurations

“4)

®)

o SCS/kHz length of symbol/us length of NCP(/=0 or /=7 x 2“)/us length of NCP(other symbols)/us length of slot/ms
0 15 66.67 5.21 4.69 1.000 0
1 30 33.33 2.86 2.34 0.500 0
2 60 16.67 1.69 1.17 0.250 0
3 120 8.33 1.11 0.57 0.1250
4 240 4.17 0.81 0.29 0.062 5
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1.3 ¥BRIFELEN

5G NR X4 Fl 2 508 TR, #0052 30T — A B8 U5 A5 200 9 U5 I % Hh ) B LT B Ok 9% R BT (Resource
Element, RE), Ak 1A 1A S0P RIBTER 109 1 AR5 KRR . EE S, — 2Rk fE S (s
TAGT . FEAE S DL S /N X 1R 15 5 50 w40 T 7 98 R A o A R S8 o BB R AT AR B, R0 A J W TR PR s B ]
TG4 N ATHEE B BE . L PSS SSS HI PBCH 420l [ B & 3% , R R SS/PBCH e, K3 45 11 T 5G NR {55 SS/
PBCH iy {5 HR B &, #5378 OFDM f75 950, PV A R 1 K/ . ik BUAd A 9 SCS 24 15 kHz, SSB Y46
1555 T A B 57 B 0 I B AP A 25 3 A5 0 X T Case AR5, B SSB AR Z AL, 2 2% 1E 3 LB I 3k i 2 4%
SO AT F ARG S . NE Rl UG 1, %05 EIEEARTF A SSB A, S ANE 4 JRR T 5 Bt
i, PDSCH. PDCCH Fl#: il %% I £ & (Control-Resource Set, CORESET) W % IR 4544 (5 FHAB 00 . 5 [ S 42 51 i e ik
R R R R O AL AR —
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menSS burst
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Fig.4 Schematic diagram of partial signal resource block occupation
Fig.3 Simulation diagram of SS/PBCH block 4 TROEE P 5 R E R
3 SS/PBCH Hfly Hn ]
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SRR B R, e A B R AN S DR SRR L SRR IR IR FRRE T O ) TR o SRR pR BCE A BLAR Y
PIETAR S A IR, 22 A5 45 i 00 B g 20 9% 0 R 2 3% 8 o0 % 2000 T 52 B 45 2 A9 5 5 BB R K018, BR T AE I AE
T2 W AL AT AL, A AR A B R ) 2RI e i R e A R, Rl
PR e 055 R0, T R R S S5 05 S B R DN A A B2 DR A e XA S A RO pR BT 0 AT o AR eR RO E
IR R IR A

+00

| s @+ oer 6)

A(zf) | =

e A(of,) RN ; s(0) MIESE W% AT, £ ZH IR . b 6) T HBR R LA E2 4 H
BiAs 5 [0 52 A0 45 i s ) 000 3 42 & M DG pRB . IR pR AR DL = ZE R A TR 20 S B, x 0l 3 7 I S (B 4R
vl 22 A e, 2 b R DT B 0 AR i T A T — Al b RS AR AR bR R T AR R, R RE Y
S RN E bR B B R 22, KON PREGE AT AT B, AN AR R A TE R, i R s A ) S T

AR FL RGBT 1E Matlab [ 5G NR FATHE i B R 48 B T PDCCH #1 PDSCH 153 LA & & % {5
SHREZAES AR, FERH T SG R M E A . F 04 Y (Bandwidth Part, BWP)., BWP 1] LU by /N X G
e — A FAEAT L, WL H S N AL B BWP IR/ R R R G . U5 B ORT L SG A S 108 1 R 2 G S
JINCP, KEESEWMEL2FR. KSH T FEIEM N 15 kHz B 55508 R 208 . sl 5 i, 5G NRAE %
FIBR BRELSR TAFAE LA g, IMAFE B VF 2RI . T DK 43 A 30 26 i) e (v LA 8 R 7= A D I
2.1 Xt B AR ¥R M BE 55 77 76 52 M B0 B 1

5G NR {5 5 #H1 pR 25 (&1 19 I 28 350 T W &L 6 T, AT LA HBR T 07 F 0 4 b i) 20 A, 76 ASOR oA 500 4E 4 1)
66.67 us Ab IR A7 AE S —FpEl g, W& 6 o peak A T . X FP AN 3222 i 5G {5 5 H OFDM 4% 5 1 16 ¥4 /i 4% 5
Yo BB B S — > OFDM 45 % 1 NCP 24 5.21 ps, FL4% 139 OFDM £F %5 ) NCP 4 4.69 s, 11 £ 45 1 i 3
7 66.67 pus. HILAERE 66.67 us {5 T at & & B, (A0 oA B0 27 — PSR R 06 HS B 78 15 48 2 149 66.67 us 4b .
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A7 AR KRR B 0y EE A PR PR BT RS R A, HE RS S i 59— O G S, TR pR KA 2 i 4
IR 2SI R I R0, DR a3 AN 4 A2 AR ) 0 ) R E A S A o R SE AR AR B A e - T2,
FTATHER 1Rl 0 A BOR RS 2 10 ko ply Tk o B U4 1S B ASOR) B B I A Ak A A0 A S DR K AT R B RS N
U (R I AT BE 2 R, TR T AME SRR A X R S B R D . IR SRR M R, F
BN S5 S IR PR AT R IR DGR Ar B, JFE AL B 1 225 0545 5 IR AR o R AT R 5C b 3k 0 o 3 I e
#2 5G NRYHLZ ISR
Table2 Key parameters of the SG NR physical layer

-100 L1

parameter name parameter value parameter name parameter value
channel bandwidth/MHz 40 the SCS of signal/kHz 15
the length of the wireless frame/ms 80 the number of RBs corresponding to different SCS 216
number of RBs occupied by BWP 25 time domain allocation of SS/PBCH block/kHz Case A:15
period of SS/PBCH block/ms 20 mapping type of PDSCH A
RBOffset of CSI-RS 12 frequency density of CSI-RS 1
slot period of Coreset/ms 5 configuration type of DM-RS 2
0
-10
A
20 pesk
g o0 8 20
3 -
£ & 50
g i g 0
L) 6 ?,i’] =70
& 807 3
= E
£ g
S

il “‘w[‘ i

o i
D, | o0 B 1 1 ol 1 oy
6% - 0.02 {ayl“‘s 0 001 002 003 004 005 0.06
ey, %720 0 e 4@/ time delay/ms
Fig.5 Ambiguity function of 5G signal Fig.6 Ambiguity function of 5G signal in the time delay dimension
15 5G 5 R R 6 SG1F 5 MR PR £ SE4E D] T

WAMEAHE R JE, T 5G NRFILTE ff H] 1 WA A9 745 S i 7y =X, 3 Rb 2 21 A 0R) B I 7E 4G 155 A9 BOR]
PRECE A I, HR 4G (55 1 T AR M B A 15 kKHz — R A0, H0Z R 06 (S H B0 E 6] A8 4E 19 66.67 ps
b o T 5G NR 55 7 305 10 B A A7 5 B A RE R AR, RO R b BF 1 R I I 1) £ L B 1R S TS 1
PSS B R AL . 6 AURR T u=0, B2 [\ 15 kHz B 19 5G NR {5 5 Bk pR 50T SE 24 0 gl e
HAARRERIE RS, FEH X AR ZHBCE N SG NRIG S, 2SR 1 90007 & & A AH A, Gl (5 5 Ab 2y
Jr A i w75 EARE R S i S RO B EAT R A R . RIS 5GONR H R AT BWP B E 2 Ufd 45 75 A [R] 45
B A FBIE S 0Iast o PR A HLAR 5 4k B8 A4 J7 28 ) 32 28 B e I BR AR RO S 0, AT LA R LR ol
DA bR B AT 0 ) b B

#3 5G NRIGSIEARIFEE TS B E T Peak A B9
Table3 The position of peak A in the 5G NR signal under different signal parameter configurations

I SCS/kHz symbol length/us position of peak A in the time delay dimension/ps
0 15 66.67 66.67
1 30 33.33 33.33
2 60 16.67 16.67

S5 2 T RORYY ) e 2 A T 04 1 B ST 7 AR B — R B S ABL T sine oRBCE AR 1 I 06, GNP 7 AR id peak B TR o %04
{7 £ 15U 5 4G LTE 9 sinc bR £S5 MER A R ZE I, 202 T 5G R AT6E OGS 19 A 1 2 S B . N
ATLLE R, RV T AR S T R, MR AR R A R v A A R R L 55 A T N ] o {H 2 R 0 B S
EIRAR AT, PR I o AR o 5 PR ) IR S A BRI Y L, R A A T BRI R N A S A e, R XX
JEAGEAN B v HEAT I o 5 W AR SO B 0 e A B T O R S T S I B — A S, X
BUG BEE INE , SEBXZ SRR I . 5B 5GF TG S G K BV AR AR, AR SR SR IR
L A ) A1 8] T S b PR KR S R AT A 0
2.2 xf B ARER T B 17 7E 2 0 Y &l 1g

553 Pl ASEA F 0 PR G £ AL A AR b R U1 20 ms B9 SS/PBCH R 5| BT Ry, BT X R B4 B B B A
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3000 km iy 045 5 9 I ABO0T W 5C AR TR,k ol I 0 T 22 8 4 oF 1 R 0T Ol SO Hiz B4 R R g, dn ] 8 o
peak C JJr7i o MR8 73 A 0] LLFE 2R R I e F 7 ) ASEA8) o 8 s a5t 17 5G4/ A3 07 3k T AR 31 ) e
DRI, TR N B 22 38 0 2 A RORY 0 1 BT 50 Hz fY RS RO b, X B Y B RE M TR O 5 m/s, AR 5G Rk AT
TR H A3 B R P o DI B4 ) 32 05 5 A 22 305 A 4 77 A ) 0

normalized amplitude/dB
2
normalized amplitude/dB

o ;
3 2 -1 0 1 2 3
0 001 002 003 004 005 006
time delay/ms Doppler frequency/kHz
Fig.7 Simulation diagram of the second ambiguity peak Fig.8 Partial zoomed in Doppler view of ambiguity function
7 2 —hRligR B SRE PR GUEA S NS ONE

TR AR, 4G LTEfS S5 A PSS, SSS FIPBCH v F#RIE A 0>, JAWIEE R S ms, H AW 5 %A/
X, N AE 4G LTE 15 5 AU R B0 b il 307 RLE T (BD 5 ms) oy 5 52 J8) 300 A9 #5580 Rl % CRS . Tfii 7€ 5G NR 7,
PSS. SSS 1 PBCH H:[n] #4 i SS/PBCH . HJE I Al LIBCE 5 ms. 10 ms, 20 ms, 40 ms, 80 ms & 160 ms. 7E
BN, 24~ SS/PBCH He i BR 1l 78 5 ms 192 Wi, SS/PBCH B %% H K 4% SS/PBCH Bk (2 4h 45 5 52 T 2 Ik
(i) B 1A 5 T 7 A0 B (R B ), S TR O T SS/PBCH ke () B I 47 ¥ 21 ¢ 4 T 7 o

4 SFOREMSOLT SS/PBCH HRAGIH (7 B
Table4 Time domain position of SS/PBCH block in five different situations

SCS symbol position f<3GHz 3 GHz<f<6 GHz f>6GHz
Case A:15 kHz {2,8}+14n n=0,1 n=0,1,23
Case B:30 kHz {4,8,16,20}+28n n=0 n=0,1
Case C:60 kHz {2,8}+14n n=0,1 n=0,1,23
Case D:120 kHz {4,8,16,20}+28n — — n=0,1,2,3,5,6,7,8,10,11,12,13,15,16,17,18
Case E:240 kHz {8,12,16,20,32,36,40,44}+28n — — n=0,1,2,3,5,6,7,8

F &1 9 (A ASR pR B 22387 8 ) T TR T A, S 4 FRBDR M 042 AE 0.2 kHz A B BN Ab 1 R I PR DR w0,
& 9 Hh peak D Tz o R4 JE 0345 5 A0 IR A1 S8 6 1 6 ZR AT A, 12 @ 06 7 IR AE AE A7 AR DL S ms Ry B IU) A T A M
BB R 0 3K o I 04 32 2 e SGONR HORT g LA By 5 ) B R 4E & (CORESET) i i 1) Ji] 0 # %2 . CORESET %% T
PDCCH 7E 4 3% b o5 41 i 4 Bt DL K AE B 38 o5 ) OFDM 7455, H T % PDCCH 15 5«

A Eh i B CORESET £ g i) 5 ok 5 AN iF B, PR ASE R ol 2507 ) B 24 L S ms Oy J 0 & 42 i Sl g . I
W AG G5 WAL IZ G S, I 4G {55 B0 o B0 b oA 2 3 i (5 5 5 DR By @ 0 38 2 A0 IR 28 113
Ko T2 143, Z AR R 0G X 7 0 BB B 5 750 km 322 8 T A1 4 S R FR 8 T BRI A B RS R, TR SR I g X
B HEI b 1 B L 1 5 R 20 my/s, A S T I 1 B AR R VI R N, PR LGS T 220 2 I U A 23 A il i 1Y) s
Wil o BRAT SCHR A0 AT 4 KXo 22 38 80y 24 ) 0 0 P, s L AT DT o b e R AT I, o Ak R AR Ak R B A o
Qb Ep
2.3 ¢ BARER T I 8 Wi /Y &l i

AR R, 0BT eR B0 238 B B, 25 %) e i A 50 S RS R 06 18 B AR 1 kHz 98k fis b, &l 1o
peak E FT7R o MR8 3005 5 B0 IF A0 0k 0k 17 56 2R T 45, A6 i AE 4k 7 A6 LA 1 ms O J 3 O I B PR RO A g L 3l i %
Fo oM BT 4G 15 5 M 5G A5 S I migs M al LUK B, 4G {5 S 7E S8 b D707 g BA 07 R AT %8 R A0 E . 451> 7 T B8 A7 A
f# V855 CRS, MM o | A 7 i 5] (4 A5 A @10 06 oSG NR BB o] DL S22 B B Ry B0y, i o] DU A5 kg A7 a0 47 IR 38 9% R
B, WA REAE, BEAR BN AT 1~3 455 8 PDCCH {538, I F 11~13 1455 5 PDSCH {518 . A T & il
“OKIEAFAE “MIMES5, 5G NREUH T H etk & 2% CRS, i 7£ PDCCH . PDSCH A1 PBCH (1) % i1 H #B4di Fi 1 A 1
) DM-RS, Jf Fl DM-RS1E N ff# i 15 5 dE A7 (5 8 fh 1.
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Fig.9 Simulation diagram of the fourth ambiguity peak Fig.10 Ambiguity function of 5G signal in the Doppler view profile
%19 575 4 RSOk I 22 14 10 5G5S BB R 225 1)) 1

AR H B BB BE R 3 GHz, F#R % IR IS & A 15 kHz, SEABERKE N 1 ms. FILTE SG {5 5 B pa
B E AE F BT LA 1 ms Sy el ST ROR I, IS 2377 £E 1 4G LTE H CRS 51k A BRI &I G . [RIRE 3D, 2808 R
W Y 7 5 O A [ E 1Y, T BEE 5G NR {5 5 7~ Wi gh 4 19 A2 A 1 7 AR A8 Ak, A [8] 5 W BE T A SR8 Rl g g A4
PR S Frn o A2 e - T2 T3 I 200 R 0 B X5 I 09 B0 B 29 O 150 km, BT 7 A0 S 5 F 3k ] R0 3
4 B R L (R4 7 38 7 2, 5G AP 5 I8 7R 38 R ORI B 2 20 km) o e Ah, A SG B il 1) [ A R0 Y LAY
FR, 5G NRAF 5 58l G H T HRME 5 3 br (s A Jo AHLAF 2 Bl B A 1 150 km/h O IR/ME B AR K]
R 9 6 L 8 SO mvs, USR8 i T AT PR 0 AR S TR PO, RSN U 5 4 R
TR AR A B A A 5 R ) 2 AN T

225 ARREIFWHC R T 5 2 BTk EIa 2R B
Table5 The specific location of the second ambiguity peak at different sub—frame lengths

the number of slots contained in the position of peak B in the
o SCS/kHz . length of each slot/ms . .
each subframe signal Doppler dimension/kHz
0 15 1 1.00 1
1 30 2 0.50 2
2 60 4 0.25 4
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