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Abstract: In order to cope with the challenges brought by the fractional delay and synchronization error in 6G
wireless channel of positioning systems, this paper proposes a high resolution channel simulation method based
on frequency domain equivalent and a high resolution positioning technology exploiting Angle Of Arrival
(AOA) information. The former achieves high resolution while reducing the high complexity brought by time
domain method due to converting channel tap delays to frequency domain to process, providing solid
foundation for accurate simulation of delay information in localization; the later achieves high positioning
resolution under synchronization error by combining iterative channel estimation, AOA estimation algorithm
based on first arrival path detection and position estimation algorithm with AOA information input. The

numerical simulation results show that they both achieve optimized performance in corresponding practical
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scenarios.

Key words: Channel simulation; Localization; 6G; Synchronization error; Angle Of Arrival (AOA)

1 5§

BEE LR IBIE RANIZ D K E, AR
HR s BOR B B A . fE6GRE S H, BN
4B 5EGE. THE. EHREE S a7 E IR
FERIEE, Ml Z IR, SEAE. BRCEIM
20, SCHR[2) R H T 85 14 8 A7 AR 55 R N B 25
B2 R4, DISRBE U I 28 %% FF H
SE L IR R FE B R M5 GIFAR IR 24E 25 0] 10 cm$2 T
F34E 2381 cmbPl. 6G ARG N E o R

Wcks F1393: 2020-05-08; X[l FI#: 2020-09-07; A% HHAR: 2020-10-12
SEEESE: Yl niukai@bupt.edu.cn

FEEWH: FHZKE AL TRI(2018YFE0205501)

Foundation Item: The National Key R&D Program of China
(2018YFE0205501)

SENLISEILAIE 74, Xt — SRR T
Pk -

WO, BN RGTEE M 6GIEE R A
NERL R BB — IR B TE TR 2R S I Bk
i} (] (Time Of Arrival, TOA)FIZ]E f (Angle Of
Arrival, AOA)SEAE RS HI M TH(IF ETOAfS T4
FEAOAfETHIZEREIAT) . 6GMKIETHZSRE LA T
i KT 401 GHz, SRS 5 °H300~800 MHZY,
X R A5 5 75 25 (] R SR A% 1R K 5 B 5 1
PR e BN RO A o BRI o R SE A
ARG, WAUCAEAEE A B S AR I 2 F 2R IR B
HE,  DAERIE J5 55 b 37 st AL SR FR 0T 8 A5 5 AN
BEFE RS

28 LI 1 23 R e A A 7 L ST Uy R N SR
FEEP . REBEERFE S 78 70K, At T LAXHE 1E


http://radars.ie.ac.cn/CN/10.11999/JEIT200348

14 G

o

=]

2 %

43 %

P ) NECRFEN SE S BORATRE T B H2 TR
FE 77 1k i s 48 T HL 52 % Pt o SR B v 1 o
MARESG N, Ff BAE I R rp I 25 1) DR Ak 22
T I AT R HCRITAMRIE . MR R EE
AR A PR g B (Finite Impulse Response,
FIR)JEWH A AL, Sk REEFEARR, Zyikat
St e L BN 22 A 5 R DB 4 2 R SR S e SR T
FFERRCR, I HE AR, SR04 B i i R
B E G Ry, DR AR LU I B AR B DA S B
o SR PR I S T4t 2 SR R . DR R 2 vt — ol
IS B AH 5 e SR 7 v DR A A [) v 2 P15 T
ST

HX, ZHRG M)LK T 6G RS 4 A 2\
W28 BEAE U, oA U ST RG] PSR E I R iRt
SRR AR 7y, B2 B AR, BRI,
XA EE g 8 AR FE AR T BIE A R % . 21X
RGWAAENPERSBEW RS . 6G RS EH
RAGFDRZELREL ns/KFY, (H1 nsP R 2
¥ FE30 cm B AR %, G REE R B [HD
REAE R R E AL DR TR AR . L5
BT VT EC IR I T O Afili AR KAUSR & A7 1) R 45
TP E OB R GRS, R AR AN E B
BN ZFAE T M LA IR b3 [ R 2  R psm
SCHR[9] R 9 s iy A A 1 2054 I 8] 22 (Time
Difference Of Arrival, TDOA)FHUSR T B 4F 1€
Rrgh By SCHR[10]K FH 2 8 w8 it 7 kit — 2 Ak 1
TDOA TN B, &N E KW FEDRZE. HEZ
TE6G A g b, vk 5 2l DR B0 5 0
[ BIAFAE R [F 28 R 22, TDOAMLEHE LA MAR A
Yz A, T g T AR IR B A (Round Trip
Time, RTT) I E 7 J7 S M E AR AT LA A () Y5 A b
ik EIRFEI R, (HFRE B NTEEE AN A AL H
MHFEEEAT B E L & A RETEBUE AL, X2 i)
PRSI 5N B E A7 R G0 R % RE S 0T L IR]
WiRZE, I H R RS AR A D N B R G

w5, 6GH 2 AL H (Multi-Input Multi-Output,
MIMO) SCHF IR e UK i3 — P, R
MIMO (ultra-massive MIMO) ¥R (S ‘5 2532
72 Y, R H N E BRI AO AL T
FRft 7 ORRE

BT BRIy, ARSCH M T BB BT )
6 G 1] 15 73 H¥ 2 T0 2e A5 18 S0 07 32 07 ¥k JE A 4
AR FEAFTEDTESLI T, RIS R 7R AE
{EIE T GIN/NEURTAE, 1) FH I A0 55 00K N s SR A
IR g IR AL B, AE FRAIR AR 2% FE 1 [R] N e
AR BT SRR BTN B A S U AE T e R s T A E T

HARTTH, #il 7T EHEEMITAOAEN
ARG, HIRNIER MK IR R AOA AL HIFERE, (H
2 T AOAMS EAKH T I & H i 28 % if ],
) AR B A 1 BRAAR S, IR PAAS
2 [F) 25 R ZE I 52 5 5RO R 28 11 18 25 56 Bk
kS B e
2 EEEME5RGIRE
2.1 EfESEIR

AOAME RS TREVIRLBWAS 5 Z M
Mz H, FHEREFIREN MG HAR. AT
RS, RS EGEPrRAME, B4 L
PRSI B AR A A TR AU LA 2H A 4544

1 KA S5

1 B BRSO RE 51 el pFIAPIAN 77 18] UL A 21 5
M AT [ MAS LR BB HEF I I T,
RS LA 73 TF K . B O T8 2 p I - [ 1)
R ZE T, HEAEMA R E N0, (2i,y:)H
SN AR A ELA AR R ARAR . BN A
AR I8 T7 1 SR G B s B A7 1) A A A b R R 3R
AN, LR S AN B RS TT D e BEANBE
FIHI AT 6] 5 A B A BR R Bz My J7 1) fR 47
—H, HEARALIRRS AH B AR AR

MR R L e, e 7 H bR 5 s AR B — A
Ham N % ¥ (Single-Input Multiple-Output,
SIMO) 8. NRIRITME, LARADLEZH S EM
(Orthogonal Frequency Division Multiplexing,
OFDM) B % 1 5 AR S ], AE B 1B 51 b
VYR8 30 0 )5 HIAE 5 A (AT IG5 2
HATAD)

yftm) =s5® hLm) +w (1)
Hob, yMFEBMARL EW BT, SR
12K R I 3 (B 3 A )R E s R IR 225
ARG S ), wAMtEmEEagSE, FRREME
Bl W™ AT LURIFS



14

ZETUANGE: A 6G R 73 3T AR TSR 3 T7 95 S e SLEAHIT 7E 15

N,
hELm) [n] = Z oy exp (jm(m — 1) sin HL) dn—7""
=1

(2)

Her, alhZRBENBIENERE, 0, 7R uT

MEB) ESBIRMAOA, Ny RRn 2R EH . 7=

7+ T RBURIE G IE, AR I A [

WRFEET MM L OFDM T3 B HON N, FIfE
LI ARHAERE, MR S

Yu(m) = Fyl(tm) = diag{S}HlSm) +W

N
H(™[K =" arexp (jr(m — 1) sin.,) 3)
=1

- exp (—jZWk;\—;w)

o, Y B B B m AN K 2k b i A 8 U
545, diag{-} %75 B 1A B 2RO X A I
H™ (KR e 5 Sm A K 25 56 I B ) 4050 125 1
WS, Wl e B AR I R T L A
RN 7Rl KR 7 N VR S P TNEE 2
(EEHAE AN x MYAERIFEREY, . BT RN TS
RIS B J5 55 9 A O A T 80032 24 o 12 i f
SO FLRAR ST AL B, 9T R G
TR AT A P AR I
2.2 ENRGIESE

E— I E R R, & RS BIRERE %
HIFIIE 5 S, B R S8, T hr i L Tes i
FH A 5 B R 23 )6 R v . e A B
= K2 7E ST T 03 ek, Bl 38
4% I 4E (TOA ) B F 313 £ 51 A B 51 1) 41 ir 22
(AOA)S2 , @it B ION BB X (5 B rh i
0 5 Bl BHEAT R, TR LT ST B B 1
BEA RS, X2 R RGN MM, WE2FR.

B P2 AT AT, 25 BN 1 40 1 R SR R Gk AT
H, BAE GRS R EE G . [
[, 5 A B T LARR 4 9 B M - 40 5 0 B iR
By . BRI AR St R s R SR T . R A3
A GRS T S B B A RS B, 1 i
9 5 fir BB AE (G P B NS, T AESEA ,
ST 15 B A A T I AO A 11 5033 L % 35 T AO A
= KRB T A e T

3 EOPRREENE

FERGT AIRIR T, BFEAR S0 R EE T A
TP R o MASC R A ) A5 E
P EITIE YR B 0 I RAE IR AE R, g skt
KA R ISR FE o U5 T8 S o B (S
5 55 S5 RS TE R L ) B AR ) (B e A m it
BAE), TEETT 1 5 2% 9 T B R A R0 i U £
P, I TR 5 HIURE BRI EE, 15
{EIE SEOER I R AR T ZE . BARTT IR0 IR
3NPIR.
3.1 FESHEM

WTDLASIE MG TR SO AR AR AR S Al
(Wide Sense Stationary Uncorrelated Scattering,
WSSUS) I, H A7 18 Hh [7] B A7 7 B 39 3 9 R AT i 3
M kI I = [to 1 - tr—a], ISP E
P =[Py Py Ppal, 3 RAERLULHRAKZE
BIRHS foax I TDLBL R PR A, R RGN .
IR AZTE FIWSSUSHKF:, LI IR 42K ) 38 % A
PERT LA S JE SR B . (5 T8 R HOR 06 T (] ) R
., anTy,] = a[n]F7mxf BN N FEAHz, 115
WL K T NAS R IERFERS N i aln)& 37T LA
B RNYEE NN x LI 24E 15 18 R B FEA = [a[0]
a[l] - a[N = 1", KoL AFEEICIZKE. Hif—
A AR DLIE S SCER([15]) H B IESE AT AR B TR
B A ) ARE 2 T RO T2 Hr 2 fRn], BR A Sk
I SE ] DU I 0 A B — 2 HEAT AR ok 5N
3.2 M TIRIEREE AL

MR L7 RAE R AT BN i d = /T = [do da
cedya ], TR NN SEBEAT 23 3 BEAC T LAAS BB
KA A HEHNL By LSRN R B, Bldn = pn/q.
H LI N AR BIER B IR E B AR R, &
2 e A PR A AL FE . AR sine bR AR IE
FREE AT RAE A A B A BRI 5 . BRI AT
el B — AN EHEME, XN IE AT I 1k

s fE
a= (2 (1)

Hep< >EAERRMNEDN, PO fd2xT
CE KA R a2 T RIS R .

[EPERey DS
Az I A — € e HE R
He UK % 58 A »  (AOA, TOA%)
A5 I EIE 18 2

TEH T4

ST AR

MBS 5 rh RS hEre S &

BUEE A g U SR A AT
SENLSH SE L H BRI

K 2 AL RS — B



16 B 7 5

o

=]

2 %

43 %

PR E USRI B AW = [dp—1,
R B R/ NN A Y BOCRE . T B B AT N
W -1 wW-1 (5)

AT DL S I BR AT R E I N, (R B
A BRI AEE . Dy T S fEw = 7 H AR
B, TREGHBIE KW IR EE, 15 S R
KATIFAF B ORAE « XA 0] B AT DLIE ik 0 T8 i 37
AR, FMERG BRI SRR B (1) B
— MRS

Fk,l = {exp (—j2mwid;)} (6)

Horf, Fp AW x LYEIAS AR B F (158 kAT 55150 11
TCER, weMldioyr WA SEEAN TN TEER
3.3 FXHE AT

N N2 A i N A AR, RS T8 T N @[] 1 25 %
Al e 7 AT DB G0 2P AR 15 3

h*in] = Faln] (7)

o 12 25 R AR e N 3E 4T IDF T 0] DL A5 3] 445 Rk it

R N

w=0 1

qL — ~qL —1

h*[n) = F ' {h*[n]} (8)
T 336 BEL 60 7 VR T LA 438 D e L 3 e
(Inverse Fast Fourier Transform, IFFT)&23 17,
A ERR(T)ARE), LB T Rk, 5 R
RTINS R AL T 44 A B £33 0 I 3 5 %
WUE A FEH = [R[1] h9[2] - B[N - 1]],
BT LSS AR, B, HRmxt
AHEAT AR A5 SRR 0 ) M 2
WIS . TR, ISR RO AT DU AR S A
EPB L SRAE v eh, SRS S R 5 R A
BONLs, MM RE AL, + 1, HAT P 2 h
QAL R KT 2RI . 3 SRR 7 125 1 A 2
HO (NLG(Ly+1)%), BERAFETIE 7758
WA BRI, HE AR AR NOGIg(G)), e
G = NLq (L +1). T 45158055 2077 125 10 52 2% BE ) AR
Uk T AL, LR VEAS WS MR F 0 R S 5%,
FLLR AR e 1K S A B RO(WL), A% IEHRL, i
2 2 7 i 1 O 2 B AR X Bk . e
O(NLI(L)) B S, 7T WLATIR S5 377 % 1 [7) 25 0 i
THEERMERERS. 5, BR LRSS
B SITESISOW it Rk, %7k tiE i T
AR T MIMOS 8 HORS I GBS0, 6 B e i
FFZ SR AT o Rk %43 30 0 207 V7T SR sl
EV A SIMOS 18, T 8 40 ko
5 R AR BT 6 HE R

4 EPPHEEEMBAR
41 ETFEIAZRMEAOARLTEZE

WA (3) A, A R H™ 4 rh s T
L AE A B (YU B B Bk AR T A E ) DA £
B (5 0L (00 R AOA) . 4 Flik AR 1 (3 B
TR JE ET DA H™ 24 rh S A A AR A
S, I S L S e B T At Y 2
ST RN, HIE LR B, AOAM
BOETT UL N3 M4 (SIE AT B I8 RS £
FE At
411 {SEfET

6 95 /N — e (Recursive Least Squares,
RLS) 835 A S 8 i+ 1040 1% 77 % . RLSH LT85
/N5 T R 72 (Least Mean Squares, LMS) 5.7 HIUK
R R, SRR RE 00, SR AIRLSI A
— AN AR F B AR A — 1 FERIRE ST, 1E
S PR RS B0 1 1 10 T LA A b B 1 T A5 1k
RLSEE RSB, T8 % i b
SIS S . LR BRI S B ARREY i8N
— AR TR A, RLSTE [ —4F
2 b (R IR T2 1R AT AL TR A, M A
i %, DRI T T LSS 7L Ak R
T mAFE TC ) Su AL R Y™ | Y [k
IR BN TTE. RS IPIEECNU, T4
RLS B ) 8 AR VO UK o 75 S P2AR 24
Hh, RLSEEMK AT LA F 4518,

(1) PH5Em2: el [k = Y™ K] — H{™) [k)S[k)

(2) HEFREHRs A K [k =P [k)S[k]/
(r+ P KIISTR) )

(3) B M A MR A . PUVK =1/
AP k] (1 K [)S [n])

(4) EHzte HYV K] =H) K]+ e k] K[k,

BEF b, EEPITIERLRE, SR
AP BRI N, 5 B 5 R Vo T DA L % T %
$. S — YOk B 0 HOY RN 2 38 45
Mo SRR, o HE K RPS™ AT TR A
H™ [ = 0, P =1/d. dRIMRBHR (S i
WiE, RAUE . — I A 55 I L = 0.01,
A= 0.999, VER BIAGANE TG L1003 80 2
B, PRER T A B R A 2R T LA B S
EHIHEH™ = HYY,
4.1.2 BFEEAME

TEA B TE RS, P (8 5L A4 1 o R T
DA AT B 42 {717



F1M A TIR6GI &2 HE R TS A7 B 52 I @ AL BT 5% 17
1 QL et kT 1 N

Asyn - I7(m) . Nl _ . - (m)

FEYD arTgerI;l?x i mZZI ];) H [k] exp (J2TYNSC> , 0' = arcsin (“4 (;C )) (12)

W={r|0<7<Ly,T7€Z"} (9)

Horh, Lo ZREKEE, MR IMEEexp(i2nkT/Ny)
S FE AU A AR RS 1 AR L B B . 10 AR
D7 H B2 S5 (0 435 38 0 Sy HO™ | HO™ (k] = H ™[]
exp (jQ’rr il

N,

N _
),ngﬂwﬂzhme%a

BIRAR F iR SR AT, )”\'Jki_ﬁo(Q)%'u?iZEl"J%ﬁ%l\%Eoﬁﬁ
o Aol 0 L8 B K P B A AMEE AR, B BiA AR
IR & I A THE T

AT =™ I SE R R R AR A TE
WA

E(M) [0} = chal exp (‘]'T((m — ].) sin 0;)
NP
+ Noe 3 avexp (jr(m — 1) sin6y) + €[
=2

~Asyn

(10)

Horp, €0 fE i f L GE B hAA AR 2E . ATA
223, fEYLEE (Light-Of-Sight, LOS)&HE 41T,
ot [3 K T Ho At 40 &, B BT LA RO 0] Th 43
BOH TR B A R
4.1.3 RAEMIT

HE— B, X MANEETT IR 4 15 T 0 AT
SR RO IR

¢tm = ( fﬁ“’” [k]) ( ilﬁ(mm*m)
k=0 k=0

=NZ || exp (jrsin ')

N, 2
+(N%Zalexp(jﬁsin0l)) +77(m) (11)
1=2

Hrp S 104 v A5 18 2 oo O 4 T8 LB AH of
AN SEE IR Bl |, T AOAE B 28 7R 1% Il 1) 5 AH
fir 2, (e tm) 5 (2 g e B 4t 28 AL R
IERE M7 T, TELOSAR 17k DL R e 15 M Bb 2% A
T, BT, Xt MR A
No HEM — I FEHER SRS HCU A, WAOALG
RN

v <

(m) ~ (m) | gy(m)
Y.y | rRisguEgz | HoO|[H

M, (SN A

i T

Jorh, Z()FmRnt AN B 01 R ] ]
MIf AR, X ERRAOAE .

ot (10) A (1) I, PRI AL U, m] DLEZ
FFRLSFEILEAIAMG T ERE . PO s AR B i,
H T LD S L Bt T e e, R 2R
S PN TR N R 9T ALY EA- AL T P
I U B R — FloA R e A Al TS B 1 3
B TSRy R b U (R BUE 75 ZEAE RS 8 35 F 1
R SE o

SRR, BT E BRI AOAM T
LRI AR LA B, i3 s

BERIEA T HR LA, IR 2R
AR 3 I PR RS A A T B £ T e . Y i
R, PRI I AR RE— e AR B3R Mtk RE(E2
IEINAC T AE , {5 8 PR A TR B S5 S R AE
RIME M, B B AO A T HERA TR -
FESEBRR ] i 2255 RE B R FE S PR RE T
4.2 ETAOAGERHMEMITEX

FE Y B I _E—/NATH T SR R AOA
BAJE, RIS BIREAN RO B A A A Rs AT
DA EEAL A X4, R e, SHPZ
(] (RIEE R i, AOAFENL IRl ) LI~ i B AN 4R

H AT BLS e o 5 AR 4L

P =Dpit1iv;
')

13
v; = [cos p;, sin @; (13)

Hoh, p=[zyTHUETE AT B A AR R 2 A
VR pi = [ yil SN STE A B AR R 2
(AR . X T34 S — AR IR (13) 17 72
ZH, I R I AR S R 2R (14) T

21 Sin ] — Y1 cos @1
T Npg sin ¥ Nps — YNps COS P Npg

sin @y — COoS 1 (14)
~ . |: Zo :|
N . ) Yo
SHL ¥ Ngg — COS Y Ngg
b(p) = v(p)
m) (m) ~
Y ek s s

K 3 T BIA I K AOA M TH ST



18 R

43 %

2 %

BS2
4 AOAENL A LA R &R

b, NpshZSERIIHAEE, ¢ = (o1 onul
T P R O O SRS DA R T AR B T R TR A
7 8 HAXT N . R (14) 7T Bl i &/ — 3 (Least-
Squares, LS) 772 fig i1

p= (1 (@) v (@)ble) = v()"™b(p)

(15)
FERIX E v (e)™ Ry ()i,
Ng Ng
det (1 (@) (p)) =D > sin® (v — ;) (16)
i=1 j=i+1

M (16) T AT (15) FE A B A 2 H BTG A 7R 185 450
(BrAEpi = o8 i = pj + 7, IXLLHR AT DL
LR PR R DAL ARG ), RV B R M T DUAS
FIPRAE. [FIB, BT a(15) &% A AN S
1&, J&T 4R/ (Total Least-Squares, TLS),
FHEC T 45— 3 (13) B s ) 5 B AT LS L5 F
A A B BRE R . R H, TR RN
AR, TH R IR BRI,
5 HEME

ARG o R TO A A TE A 5 1R
SRR 53 A 52 s 2 U5 TE A A AR v b 5 24
HUE DT JvERE . AR AT RE R, maHE
& TE {7 AL S 8 SIS 7R B AL R G
Wi E A

10[]

Jih R %
§-§ 10" PR T isinc i
& , Ak
z i L SR
2 s
& 10t
10°

0 10 20 30
RE R 75
() ZRIDAIEN A

51 ERHREERHE

MY RTIRE S, B I A 722 ks B A 1
R 2, G F A 38R 1 e R d5 e 1 S
IR AR . MU T R AN S Ok P AR R 2
FESLITT 5. EAEA NI E3. 3T AL H,
MAF L E3GPP TS38.9011145 Hi SISO TDL-D
SRR LSRR, DRSS T iR S IR
FE 73550 ol 7= A A T el 82 (1) 350 77 % ZE A D itk e
FRo WEIEM KFEFE N122.88 MHz, B2 JE K
FN20 ns, H—HE K2 0.001, 23
BARE R E N Jakes i o [H) I I SRBEGS R¥ E N A
U BN K i BRI P AR o B HE T R ) g = 32,

TEREASTE NI 57 B T7 1502 % 8N
SRR EE 7T, IR IR RN TR AL
IHREPE, TR VR RN 2 8 Th R . 7EE5(a)
] DOWER B, Ais S RO i dast SRAE 7 v AR
I IE R R Z IR /N, H o F P RS E
Wi J87 () 350 7 1 25 N 217 x 1073, sk Jy 2 1 5 s
NG I sincdfiH 5 SR IE W R Gk P %S
Bt . BEI5(b) B Ze t RE DU s ARG B Sk A
WS AR TETE . iR S5 B 78 4 i B AT &5 30
FAEWIEARYE TDLAR ALY 7= A HA XOERS 1 115
T e . B B A5 0 R T R AR T I R R R
LB TR PRI ER
5.2 SNREMNEEME

SEAL BEA EAL IR 2. 2T AE 22 01T . B0
¥E3GPP TS38.901 Indoor-Officels 5t & — 4
120 m x 50 mk /N, A 120 E r A s 3 A ),
[F I 15 58 3 35t v 1K [R5 R 22 IR M TS 22 Nore = 50 ns
AR B oA, LW B N[ —207e, 207], B
1A% W3GPP TS38.855200, 54 i 47 K I
SRS{55, SRS{E5 M4 R 77 XS TS
38.211RY, RGBT R R EHEN HEE, N
2% B TR IR A R R SIMOAS TE W B o 4l 5 e 3

10° T

. I Sskick S
SR

1072

ALl (dB)

10°
10
1073 ; ' p ' ; p
-1x10% -0.5x10* 0 0.5x10% 1x10°%

A 2 iR
(b) ZEBDFE

K 5 (S N AU G T 1



14

—t Pax

T 1 6 G () e 70 B 0 o e B AU 17 7 12 1% s B R E I 19

B9 )5, AL O IR & RS 5 DR AT
B AL (B R B B 3N L), AT A
R EMSE, RGN ENMS
KoL £S5, 4 Al&FETAOA
s PR EMEE “AOA” . BTTOAFEXR
FH UCIC € 9% 2% (Matched Filter, MF)#E{TTOAK
N E “MF” LA 7E SCHR[22] i H ) 2k
FTDOAKIEM T E “HW” o« “[F%” f1 “JEF
7 3 RIS S R SN2 ATk 77 U
BRI R S5 REW, AOAZEALIMAUR Gei
BEMNEDRE, HHBSHEERD NET
TOAFITDOAREIEHIF (1 RE, 50%MEZE & 7 1%
Z/NF20 cm. HARAOAFIEAEI0% LA I BRI
S H T I 270500 AR i N S 140 % B B 2 ) ISR
SERREZEM HME 2, (R SRR U IEI0 % 14 e
2 LAHH R 2 B AR R 1 MIF 5092 58 5 (00K B2 (1

it £ P B 0 R AR R S, H AN
[f)— /N 53 o
‘N‘ 1.0 //,7‘;]
|
= 08 |
o ;
Z o6 b
i 5 MFAE[F
€04 /0 HW A 2
H ! MF [
N A HWHER
2 AOA R
ETR P
0 20 40 60 30

SEALIRZE (m)

Kl 6 & iR 40 R IR 2L

6 Zh5ip

A EETARH PR S PR 5 E
HUL K R HeR AL EAL T 5% . 58 07 FORs I
RERFEALBR AL O URAC B, RE DMK A S =
I HE 73 R ) S HF I8, i N6 GAE TE I B e 1
AN X I 237y 53¢ (14 % 0BT 53 i Tl s gt 1 4%
fitle HHE—DH, ASCRIETE EIEEENIMAOA
i 55T AOAE B AITLSAL B AN TH k4 Gl
Ko ST ORI E AT, RN AR R 2P R
Z2 16 G 73 A 2 48 24 1) v oy A R e SR Bt T A
RIT% . I HAZERLTT R AR 5 Wi 2 1
SoEMESKA, ABTREKZ ML, fFE
6GIR LR & M 2% BTt H AR

2 % XM

[1]  SAAD W, BENNIS M, and CHEN Mingzhe. A vision of 6G

wireless systems: Applications, trends, technologies, and

[10]

open research problems[J|. IEEE Network, 2020, 34(3):
134-142. doi: 10.1109/MNET.001.1900287.

KATZ M, MATINMIKKO-BLUE M, and LATVA-AHO M.
6Genesis flagship program: Building the bridges towards
6G-enabled wireless smart society and ecosystem|[C]. The
10th IEEE Latin-American Conference on Communications,
Guadalajara, Mexico, 2018: 1-9. doi: 10.1109/LATINCOM.
2018.8613209.

ELMEADAWY S and SHUBAIR R M. 6G wireless
communications: Future technologies and research
challenges[C]. 2019 International Conference on Electrical
and Computing Technologies and Applications (ICECTA),
Ras Al Khaimah, United Arab Emirates, 2019: 1-5, doi:
10.1109/ICECTA48151.2019.8959607.

LATVA-AHO M and LEPPANEN K. 6G research vision 1:
Key drivers and research challenges for 6G ubiquitous
wireless intelligence[EB/OL]. https://www.oulu.fi/6gflagship/
6gresearchvision, 2020.

OPPENHEIM A V and SCHAFER R W. Discrete-Time
Signal Processing[M]. United States: Prentice Hall, 1999:
33-65.

HERMANOWICZ E and ROJEWSKI M. A Nyquist filter
of fractional delay[C]. 2013 Signal Processing: Algorithms,
Architectures, Arrangements, and Applications (SPA),
Poznan, Poland, 2013: 124-128.

ADITYA S, MOLISCH A F, and BEHAIRY H M. A survey
on the impact of multipath on wideband time-of-arrival
based localization[J]. Proceedings of the IEEE, 2018, 106(7):
1183-1203. doi: 10.1109/JPROC.2018.2819638.
RAPPAPORT T S, XING Yunchou, KANHERE O, et al.
Wireless communications and applications above 100 GHz:
Opportunities and challenges for 6G and beyond[J]. IEEE
Access, 2019, 7: 78729-78757. doi: 10.1109/ACCESS.
2019.2921522.

TRAGER, AR, 258, 45 TR TDOABL S E Az (¥ 58 75 sk
BHVE]. BT 5E R ¥, 2019, 41(2): 462-468. doi
10.11999/JEIT180293.

HAO Benjian, WANG Linlin, LI Zan, et al. Sensor selection
method for TDOA passive localization[J]. Journal of
Electronics & Information Technology, 2019, 41(2):
462-468. doi: 10.11999/JEIT180293.

WE, EEW, BE. —FETPEERNBHEARNTDOA-
FDOAT W E M HVL[T]. BT 5E %M, 2020, 42(7):
1599-1605. doi: 10.11999/JEIT190435.

SUN Ting, DONG Chunxi, and MAO Yu. A TDOA-FDOA
passive positioning algorithm based on the semi-definite
relaxation technique[J]. Journal of Electronics &

Information Technology, 2020, 42(7): 1599-1605. doi:


http://dx.doi.org/10.1109/MNET.001.1900287
http://dx.doi.org/10.1109/MNET.001.1900287
10.1109/LATINCOM.2018.8613209
10.1109/LATINCOM.2018.8613209
10.1109/ICECTA48151.2019.8959607
https://www.oulu.fi/6gflagship/6gresearchvision
https://www.oulu.fi/6gflagship/6gresearchvision
http://dx.doi.org/10.1109/JPROC.2018.2819638
http://dx.doi.org/10.1109/JPROC.2018.2819638
http://dx.doi.org/10.1109/ACCESS.2019.2921522
http://dx.doi.org/10.1109/ACCESS.2019.2921522
http://dx.doi.org/10.1109/ACCESS.2019.2921522
http://dx.doi.org/10.11999/JEIT180293
http://dx.doi.org/10.11999/JEIT180293
http://dx.doi.org/10.11999/JEIT180293
http://dx.doi.org/10.11999/JEIT190435
http://dx.doi.org/10.1109/MNET.001.1900287
http://dx.doi.org/10.1109/MNET.001.1900287
10.1109/LATINCOM.2018.8613209
10.1109/LATINCOM.2018.8613209
10.1109/ICECTA48151.2019.8959607
https://www.oulu.fi/6gflagship/6gresearchvision
https://www.oulu.fi/6gflagship/6gresearchvision
http://dx.doi.org/10.1109/JPROC.2018.2819638
http://dx.doi.org/10.1109/JPROC.2018.2819638
http://dx.doi.org/10.1109/ACCESS.2019.2921522
http://dx.doi.org/10.1109/ACCESS.2019.2921522
http://dx.doi.org/10.1109/ACCESS.2019.2921522
http://dx.doi.org/10.11999/JEIT180293
http://dx.doi.org/10.11999/JEIT180293
http://dx.doi.org/10.11999/JEIT180293
http://dx.doi.org/10.11999/JEIT190435

20

=]

¥k

43 %

(11]

(12]

(13]

(14]

(15]

[16]

(17]

10.11999/JEIT190435.

ERICSSON. System level performance evaluation for RAT-
dependent positioning techniques[R]. 3GPP TSG RAN
WG1 Meeting #96. R1-1903142.

XING Yunchou and RAPPAPORT T S. Propagation
measurement system and approach at 140 GHz-moving to
6G and above 100 GHz[C]. 2018 IEEE Global
Communications Conference (GLOBECOM), Abu Dhabi,
United Arab Emirates, 2018: 1-6, doi: 10.1109/GLOCOM.
2018.8647921.

KURTH R, SNYDER L, and HOVERSTEN V. Detection
and estimation theory[R]. Massachusetts Institute of
Technology, Research Laboratory of Electronics, Quarterly
Progress Report, No. 93 (IX), 177.

LI Yunxin and HUANG Xiaojing. The simulation of
independent Rayleigh faders[J]. IEEE Transactions on
Communications, 2002, 50(9): 1503-1514. doi: 10.1109/
TCOMM.2002.802562.

PATZOLD M, WANG Chengxiang, and HOGSTAD B O.
Two new sum-of-sinusoids-based methods for the efficient
generation of multiple uncorrelated Rayleigh fading
waveforms[J]. IEEE Transactions
Communications, 2009, 8(6): 3122-3131. doi: 10.1109/
TWC.2009.080769.

PROAKIS J G and SALEHI
Communications[M]. 5th ed. New York: McGraw-Hill, 2008:
190-193.

INSERRA D and TONELLO A M. A frequency-domain

on Wireless

M. Digital

[18]

[19]

[20]
[21]

22]

LOS angle-of-arrival estimation approach in multipath
channels[J]. IEEE Transactions on Vehicular Technology,
2013, 62(6): 2812-2818. doi: 10.1109/TVT.2013.2245428.
PAGES-ZAMORA A, VIDAL J, and BROOKS D H.
Closed-form solution for positioning based on angle of
arrival measurements[C]. The 13th IEEE International
Symposium on Personal, Indoor and Mobile Radio
Communications, Pavilhao Altantico, Lisboa, Portugal,
2002: 1522-1526, doi: 10.1109/PIMRC.2002.1045433.

3GPP. TR38.901 Study on channel model for frequencies
from 0.5 to 100 GHz[S]. 2018.

3GPP. TR38.855 Study on NR positioning support[S]. 2018.
3GPP. TS38.211 NR Physical channels and modulation
(Release 15)[S]. 2018.

HUAWEI, HISILICON. Performance evaluation for NR
positioning[R]. 3GPP TSG RAN WG1 Meeting #96. R1-
1901577.

oA B, 199644, AR, BRI AR KB BB E RO

(/BN EREY ST VPSSR EETIEN

A F, 19844F4E, RIFUR, W7 N ELIBEME)ZES

AhEE, QFEEZREME T, FFELZIEN. ZHPH
Gl HIPURBIBTES BT T AkE S AL A

dl: 5B, 197684, #aR, WHITTEVIEAEIEHS. MIMO

ENE SR BRI, WL RS S
etk

TS X K


http://dx.doi.org/10.11999/JEIT190435
10.1109/GLOCOM.2018.8647921
10.1109/GLOCOM.2018.8647921
http://dx.doi.org/10.1109/TCOMM.2002.802562
http://dx.doi.org/10.1109/TCOMM.2002.802562
http://dx.doi.org/10.1109/TCOMM.2002.802562
http://dx.doi.org/10.1109/TWC.2009.080769
http://dx.doi.org/10.1109/TWC.2009.080769
http://dx.doi.org/10.1109/TWC.2009.080769
http://dx.doi.org/10.1109/TVT.2013.2245428
http://dx.doi.org/10.1109/TVT.2013.2245428
10.1109/PIMRC.2002.1045433
10.1109/PIMRC.2002.1045433
10.1109/PIMRC.2002.1045433
http://dx.doi.org/10.11999/JEIT190435
10.1109/GLOCOM.2018.8647921
10.1109/GLOCOM.2018.8647921
http://dx.doi.org/10.1109/TCOMM.2002.802562
http://dx.doi.org/10.1109/TCOMM.2002.802562
http://dx.doi.org/10.1109/TCOMM.2002.802562
http://dx.doi.org/10.1109/TWC.2009.080769
http://dx.doi.org/10.1109/TWC.2009.080769
http://dx.doi.org/10.1109/TWC.2009.080769
http://dx.doi.org/10.1109/TVT.2013.2245428
http://dx.doi.org/10.1109/TVT.2013.2245428
10.1109/PIMRC.2002.1045433
10.1109/PIMRC.2002.1045433
10.1109/PIMRC.2002.1045433
http://dx.doi.org/10.11999/JEIT190435
10.1109/GLOCOM.2018.8647921
10.1109/GLOCOM.2018.8647921
http://dx.doi.org/10.1109/TCOMM.2002.802562
http://dx.doi.org/10.1109/TCOMM.2002.802562
http://dx.doi.org/10.1109/TCOMM.2002.802562
http://dx.doi.org/10.1109/TWC.2009.080769
http://dx.doi.org/10.1109/TWC.2009.080769
http://dx.doi.org/10.1109/TWC.2009.080769
http://dx.doi.org/10.1109/TVT.2013.2245428
http://dx.doi.org/10.1109/TVT.2013.2245428
10.1109/PIMRC.2002.1045433
10.1109/PIMRC.2002.1045433
10.1109/PIMRC.2002.1045433

