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Hop (jay;az) F gy z) 53 0RRES 5 FIEE b

A J i 1) 67 AR A, > AT TR aR B 3 e L B I
3 3 AR ST AR 2 R AT SRAR HE W A i o

DOA Fil et 77 =X A 0 FH R 4 P 91 75 56 3l 15

PR A S B A AR AL A o AU 0. .
0 5 HENC S i Ll O B AR BRI S R N
tan @ = yfyj s
B (3)
tan 0 = ]

(x—a) +(y—y)7
Ml I IAE] 3 )8 DL i, 38 i f B N7 R 4H B T
IRASF R WL v
TEASCH i FH e/ 3R 78 5K M GNSS/TDOA/

DOA @il &5 o7 45 5 . I 7E A [l 5 e L b 5 R 0 i

FENVIRE . XF AL 7 RN AL @ ARk Ak LI iy
HNF .

a@
Ixsys2)

al,

ey

8(1793)92)

Jtang;
I(x,y)

Jtand;
a(x,y»z)

Hirpr obs R A g

= Oi.(obs) *

= Zl.j.(obs) ’
€Y

= tansaj-(obs) ’

= tand;. by »

FERULINAE. B

W CH AR BO 2020 4F
do dp o 4
dr dy =
S = (71' ay az y
o d
dr dy =
911.2 911,2 911.2 O
dr dy =
aZI.S all,S all.?) O
T= | dx dy dz ,
I, I, Il 0
dx dy dz
Jtang, Jtang 0 0
dx dy
Jtang, Jdtangs 0 0
D(p: E)‘T ay ’
Jtang; Jdtang; 0 0
Iz Jy
dtand, Jdtan6d, Jtan6, 0
dx dy =
dtanf, Jtand, Jtané,
0
D, = | Ix dy Iz . (5
atan@ (’]tanej (7‘[211’15/-
0
dx dy dz

Hrp 8. T.D, Dy 53 51w hiE  TDOA L] £ ARG
AR U0 R 94 R T AAS 38 X (D A R I 3% 25 5 R 2

G+ [Ax.Ay,Az,A0t]T = b. (6)
H. 6 = [S.T.D,,b 1", [Av,Ay,Ax,A0]" =
(G'G Gy TP ER G LB IERE: b=
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5G/GNSS fili 5 58 0 % R M8 5 B b 3
SCEYIMIC , Y S iR A8 An A 46 5G 33k 2% 1 Fn 5L
Ul R SHE S DR GNSS 1] TR R FL DA F 5 5
2R TN S 3 R R R4 B R S A 45 L 1Y

B AR F . 7R SEPRf 5th, AT e st B2
AR R 28 I A7 I B [l B il TR R 3 55 rp 2
il 5 A T R B T R ) 5 A6 1) 2 75 U A T A
B HE RN Y e, B ET A B — o 6 kel L
ff DS AN [ A7 5 04 8 7 I R, PR I 75 8 5% 5 or
Y el A7 4y AW, AR SCHN 2T 3 Bl s R (1 i H 3
B, AR R IESEN SR 1 PR,

3 SCEEERHT

5G ZRGERIN FRT BE AN ART R R E 5G RS
SENLTERERY EL 4 N 2R L I AE 73 BT 5G/GNSS it &
RORGBEHT, 5T ZEX 5G FR 48 p9 Il i B SR T TR AN
ST

#1 ARGRRFIESE
Tab. 1 Character parameter sets in different scenarios

Yise CIRAREY BEREXERETI S LTI FL ko U E S RS Y%/ dBm
£V % G AT b (1~2) 49(ED
PO a 55 pezin R (3~4) 24~44 ()
=N ¥ ¥ TE1E FHE(=5) 24 (i)

SHAMHT 5G 155 1 et 8 0 SR HE SR FH SCRR L 11- 20 Mtz
127145 H 1 1E 3295143 5 COFDVD {55 I 8 £ 1 58 4t . 100 i
BB R AR =

2 >
var(t) = CRB(0) = . (9) :
87’ Rsn Z wen'l Pn
Horrs var(o) S FEAS BER 22 U5 225 CRB(0) £ H
H;T= 1/ Fso s Fse NTEPIHE. BUIL/dB

M 5G BN R G AIAH ARUE M AR T ARG Bl 1 AWGN fFili T 5G RGMHRTEZ S
4G R GerH e s o5 R e, 454 5G B GG 2 P I PR S
By %‘%%}EE%%&’ YA 5G H N BN E(J‘r/-lkﬁlé[l’lj. 1 Fig. 1 Relationship between distance measurement

5G Wi, 2 S % {55 (positioning reference signal,
PRS) 5[] 12 >4 . i3l 3GPP TS 38. 855 MLt
HERIT  HE R G 560 50 MHz K LLF B, 7259 1]
B%h 15 kHz, PRS 15 5 i J71 98}y 180 kHz; X4 R 4¢
A7 58 100 MHz i, 720 8] B 30 kHz, PRS {55
w1 908 360 kHz £E N1 = 307 A Cadditive
white Gauss noise. AWGN) &l £ F FEA78S BEA 1T
P2 FE A 24 7 #1522 (RMISE, B[V BEAE ) 5 228 ke
R AR AN 1 s,

accuracy of 5G system and bandwidth of positioning

reference sequence under AWGN channel

M1 BT LU H I A R B 25 2R Gty S 34 i
T, LRSS 50 MHz H#M: 1K 50 dB KR
), I AWGN {518 T 5G IEEHRG EEAT 1531 0. 21 m.
RYAF TN 100 MHz 800 [ 50 dB B PR B2 i
CZn ks 0.1 m PAIN. 5 4G # L, 5G B K
oA I RS B A B 2 A $E T s AL O 5G EINE
IR N EN -
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TESCBRE N, 208 T RN B A7 76 23 5% I B RS
JEE 7 M 5 M I e 25 Wi B A 2R 58 1 R SRS B A AR
A 11 3GPP TS 36. 873 R12 37 5 2801752
FERIE T H 1538 5G RS 580 50 MHz H 2004 1
k50 dB B 3 F st i i BERS B A A 4 SR (R 2).
2 AL 248 TARRON S EAR KFRE B2 5G &
SEir I SRR . X2 N 3 SOoR UL, k2R TR
N AT LI 5G F2 4 s {300 BEORS B 38 21K 2%

# 2 5G RENAFIGET 32 Z AR50 52 W (140 BEAS B 24
Tab. 2 Multipath effects on distance measurement

accuracy in different scenarios of 5G system

HHME
Yk % RMSE
i 5 Zyas B /m
= Hh 10 m<<d>;p<<5 000 m 0. 86 0.21~7.80
hysz 25 m
1.5 m<hur<<22.5 m
=W ah 10 m<<d,p<<500 m 0.79 0.21~7.50
féﬁ"ﬂ‘ hps=10 m
1.5 m<hye<<22.5 m
=N 3 m<d>p<<150 m 0.61 0.21~4.02

hps=3~6 m
1 m<hUE<2. 5m

e don LI H Pk & (user equipment, UE) 1Y 7K - i
B s hes HFEIEEE s hoe A UE & B s EAHE S %0 UE 4b
K1 5G HAHE S IR,

3.2 WEAEE

A IR T 2% {55 (reference signal, RS) 1
DOA 5 5 v, 38 2o 0 1 o) (B 152 25 Ac B9 7 16 T 145
3k 0,/

0= arcsin(ATd>< C), (10)

Hodr, Ac K3 9 (long term evolution, LTE) (&
5 B IR FL vl v R R RO B[R] 22, d A AN Rk 22 (1]
FA R .

LR AR RI& 07 B k] LAXT 0 54 715R 25
ittt 0 (3507 iR 25 e LRI

1 E" Jl >
‘(6) -
e L&A M“~

Ho L 2280 M SR %05 B8, 0., R
m WA B | AR B X0 A THE S 0., Am
UAGE P 1 44205 B 0 (52 BR M.
55 96 20 MHz, T2 P B BE A 15 kHz,
M LN 50 dB, SRR ELRECK 300 &4 T

é/.m _61.1»1 : ’ (11)

PEAT 7 L 05 22 A R ) 300 36 A DN R )5
RRRIRE RN 2 Pras. K 2 iRl LU L BEE 212
He BB AN, 0 M FORS R I — e R R [ DL AR
Womoh 5 FAE2 A TP ™ H A EREL . Lt 0 iR

EANTE 3° LA
| | I I \
2 3 4 5
L
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K2 5G RGeh 2480 X B 5 A MRS R AR

Fig. 2 Impact of multipath quantity on accuracy of
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arrival angle measurements in 5G system

TEFMEL D 50 dB. 280 2. 5 RIS T
YRR 300 BYZRAET S XA [R) 22 ety i IR 1) 310 35 £
AR BRI A5 B A S5 R AN 1A 3 B, AAIEL 3 ]
VI th: B A8 T YN MR )5, BEE R 50 98
FEOR B3R A RS BEMCORA BT P T s H 2 AR i
2, RGN 5 20 MHz B, 2155 f il Hok§ B2 2 28 0T LA
BF0. 57 AN, Ik, 5G REEF LB RAY R Geir 5e m
(S S0 5 A RS BEAS B i — 4 T

157
~ 1.0f
S
2
© 0.5
0 5 10 15 20

ARG 5E/MHz

K3 5G RGLH RGUHE GEX B 1k A I 1ok BE 5200
Fig. 3 Impact of 5G system bandwidth on accuracy of

arrival angle measurements in 5G system

4 5G/GNSS Bb & RGEENIERED T

PR = CR[E 242 T 44 T 1 TDOA
MHEEASRE FRER, LL DOA K d BE 3° A FR . 70 #r
Z ARG BKNE NG LR BR. B A g A
KT
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var(AP) = E(/AZ + Ay) ., (12) MR, AR E 5 58 2 %A 248 T

Hp, var(AP) FRENIRZE T 2. E R,
Ax T Ay 43 R AT o Fy SR E DA TR 22,
4.1 HEHW

A5 3GPP TR 36. 8731 45 ANl R £ 4%
T TR AR 2 PARRIZ ST 5G RG0Sk
JEE R LRV ERE S L, 20 5158 3 Rz T i M AR I s
PRBE L A5, DUBA A2 22 42 T P800 %o 0 RS B 1) 5 i 5
I Ay AS () 4 15 A [) ) 28 e DA Ry 5 S50 38
M EE A 50 dB, RS0 e A 50 MHz. Bifi 5 i £
T PURE R B sl W0 B L 49 30 A5 %) 00 IR R X1 )
=55 T 5G/GNSS il 4 240 1K -5 Aok B
R BRI AR R BRARER 248 TP 5w 4 B i AR
LK FREFE R 2GR T 258 T E™ HN
. 256 DRSO BT R (GR 3, Hrh D FE
KRS SR FH L AT

EBE P R, EN M 22T ™
&, BN 2R TR, ERE 2R 2R T, =
PRI ZE A1 R 7K 28 oK B AH Y 5 11 % A1 R T Skl 5
BT 1 o A vy HAE X 2 B AR AR T B S A T
TR T BARFE GO LU H 242 T3,
ERTHBR 22 TR RE 855, (55 T 25, W HE RS
JE R BRI . BT LUK - 8 768 B Y BRI SR F
FEHME RS E B o B A i TR, JIr DA R AR
EHMPI RS T R EZE G 3. 78 m, KV A A
JEHTRFET 0.95 m(FE 3). Al UL i 5 4 g HL A i
7o A AL AT AXHIECRS BE A9 TDOA I 2 51— 52 19
*MEVER.

#3 5G/GNSS & R4 AR
st F WK e fE
Tab. 3 Performance of horizontal positioning accuracy in

different scenarioes by 5G/GNSS fusion system

Y5 HAHME MBS AT PREEMNE O KEEN
TSR JEH/m BB RE/m O REEEE/m
ZEhh 0.86  0.21~ 4 1.5 0. 14~
7. 80 3. 80
EWNA 0.79  0.21~ 2 2.5 0. 21~
& F4b 7.50 5.17
=W 0.61 0.21~ & p» 0. 14~
4,02 2.85

M7E 2 NN S T L 2 AR B R ARG A Al

FUREE, 7 MR Sk T Hofh b 5, (AR AN T 58
T GNSS G008 7 1) ) #31. [R] st el 1 255 P9 A ad
Y e N A7 A R4 B B A | e A A AN IR
JIF LA BEORG B BR AR, A T 5 o8 Bk ) AE A
TR MR . R A RN e S MR L
N AR b D) P A (N 22 i R S A Tk 2
B TR 5 T AT AR 268 fIOKS B2 B £ B 0L 2 5 fif
CRYININE 3= 7 9
4.2 fHEEXT 5G RETHMIME

WHE 4 FONEEEAEE R 1.5 m IR, 5
5G/GNSS R TLLE T H0 i BAR IREE T 19 o 4
REVEXTEL. B 4 45 7 000 21 B 515 5 10 4 %8 el A
iF L A7 JC TR AREE LI R 5G 2R 55 5 0K BE B 5% 0. LA
JeZ e TDOA Ml B 0. 21 m AR, ELHHE
SHEZM 0.5 BWHETFE 1.0 B, 7] LUK B B4
Hom 7o e i LRI X 5G Rgpy 2 HHA —
EMAMEE L 5G R G2 8 L E T, TR E M
PEREF B AR TR

4.0
35 — BPE+2ETH
= — B PE+E2TH
= KT+ LT
=5
.;;.E .
=20
1.0
0.5
0
05 06 07 08 0.9 1.0
B SR

Pl 4 GNSS I RBEIINT 5G 24 T A AME
Fig. 4 Compensation of GNSS pseudo-range

measurement to 5G multipath interference

4.3 HENGSEMEEST

AR SCHRL 18 J 6% I 46 7038 S U - 45 4 ML TR B [XC
S AR DL BEE AT T 05 BB R A8 3 N IX A 3 4
JE Nl SEE T 31T AHSR I S [R]FE 20 m; 7E % Ah
DX 3 42 L 3 5 T /X T JE S R A 2 6 JAE v o AR 48 i
I3 N 400 mi £ % AN Z S AR 2 LR T kA5
SR TUE AT WAHR L, B 1 A0 A AT DL LA, R
RABEEOLANE 5 P,

% B AR SRV M 1T 39 SR A0 20 9
PURERRL HAS 5598 f (o) Ry

P
f(e) =A—10alge— > W(p), (13)
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Fig. 5 Tllustration of 5G base station distribution in simulation

Hob A ASH N 1 m B2, A BH
32.5 dB" o MR IFE R B ASCREUE SN 1, E
R 25e Rl 2L IE B8 s W (p) Ry 5% T 9% 5
P RS HCEE , H U S 8% 1 MR O, A S L
12 dB. A 100 MHz #5570 dB By 2% M b 4T 7% (5
TERENT B AR 4 FER, Geit 1 4 R Y L2 R
SEANIEVE R 4 JE 5 N LS 6 A8 5 AL i T 2 05 B 1Y)
IKOF-E NG RE S T B2 5G A N AR 5 1
PERE, 545 T 100 MHz B9 56 285, A8 FH 4 85 1 3 4
(18 3 3t 50 SR R AE 35 T 7 2% B — A FE il #10 L
— SRS, B K S R AR R AR 25 R G, AN
Ty FENT AR AL, — g ) Dy 3O 3 2o R e R 4
A X A KE 13 dB.

# 4 5G/GNSSFlE RGP EEFIE T B E N PERE
Tab. 4 Performance of 5G/GNSS

fusion system in fading channels

L B 5% T S P4 i 45 RMSE/m
6CEN 4 HE, = I 0. 607
b2 1) P 2 1.563

EIN 2 BE,FEHN ] R 1. 778
100N 4 JE, 2 g 0. 581
sb 6 14> N 2 BB, A 2 1.559
N 2 L ES 4R 1. 643

H1 4 ], 7Rl B0 H — 2 I AR s ik = W
SRR E DR E TR I Sl A B — e R AR
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5G ZE R PEAEHFE 32 3 568 BT 109 5 w45 K, HE B AR 0 AR
ABEHE SRTEIN T E BRI o =2 (=
PO AT a=1CEIM) . BLAIF T 45 R 2B, R SR
Sl P A R B B AR PR (A TFE R B
BN HSSESG B et i, A5l R 5 = AR S
R A S A R R R L SR AL

5 & it

HRAE 5 B 45 5L FEAR SO iR 11 5G E (i 50,
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Positioning accuracy analysis for 5G/GNSS fusion system

PENG Youzhi', TIAN Ye? ,ZHANG Weicheng” , PENG Ao** , HONG Xuemin®

(1. Key Laboratory of Earthquake Geodesy, Institute of Seismdogy,China Earthquake Administration, Wuhan 430071, China;
2. School of Informatics, Xiamen University, Xiamen 361005, China)

Abstract ; Global navigation satellite system (GNSS) is characterized with low pseudo-range measurement accuracy, poor positioning
accuracy and even inability to locate in the environment with complex multipath interference such as indoor or indoor/outdoor
junction. The fifth-generation communication system (5G) has been greatly developed in China. For it’s high density of base station,
strong indoor and outdoor coverage,large communication bandwidth, it has the potential to accurately measure the relative distance
between the base station and the user terminal. Integrating 5G and GNSS signals to realized positioning can effectively solve the
problems of insufficient GNSS coverage and law positioning accuracy of urban canyon. In this paper, based on quantitative analyses of
multipath interference in different scenarios. Monte Carlo simulation is used to demonstrate upper and lower limits of horizontal
positioning performance of 5G/GNSS fusion systems under several typical multipath interference conditions. Simulation results show
that the positioning accuracy can reach sub-meter levels by using 5G in-band resources in indoor or indoor-outdoor boundary multi
path severe environments.
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