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Abstract: 6G technology is still in its initial stage of research. It is expected that in the next few years, the world will gradually
reach a consensus on visions and key technical parameters of 6G. Focusing on the further expansion of application areas and
further enhancement of technical capability, the technical fields were summarized that may be involved in the future 6G radio
access, including the coverage expansion based on the satellite-terrestrial integration, millimeter wave and terahertz communica-
tions, data-driven network artificial intelligence (Al) and security, large-scale cooperation and cell-free architecture innovation,
etc. On this basis, some important technologies, such as ultra-high reliability and low latency, full dynamic radio resource alloca-
tion and centimeter level precise positioning, which need to be further broken through in the wide-area Internet of things (IoT)
based on the public mobile communication system were analyzed and prospected. Finally, the conclusions were given.
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GNHAFE. 5G FEARLL “Hismviny. TP ER”
9 FE R, L bR A B 5l LI X 4 B R 1)
HHRE T, RN SAT AR )T W R R SR A R 25
AEJ1. 5G HIARMUE AR & AR ShlE RSk
G5 X G ) — AR A 3 A, 1T [ AT Ml PR 31 3 2
W WY IE AR A BBl A AR BB AE R R R
B 1. AILAHE, 6G HAK: DA s, g —
AR AR A A B AR G (0 B IR 55 e T
9 FH sl

R 2 S AR IR I B F 75 SRk 6G ) & i
KT ) ARFE BB R R AR RA B,
iz 1) A BFAN. KL W RS I S
Wsoa RS — DY RIA A ARBIEE RE
(Mo aafu s 2) et — P 5 58 M
EINEE IR RS i (QoS, quality of ser-
vice) A 5 LA K sty B i iy o 5 LRI I G4 AL Ak
BRI AR R, DAL IS 50 T (AR 55 O E A 1k
RIS 3) R 2t — B I H WU R
TEEM L RRIERA, DILEM R
AT G2 B 1 22 S A0 RN B)) 25 Ak 1) % 05 B bU K e 75
K 4) BEAE 6G B ) 22K e K 22 A0 132
ITH, LA Bl s R 3Lt s i &
TR R S B, FEMEUIAT . AR SR
PR L, SIS oA S A AR

2 6G RLIENE S AU

Har, AtAMATSE 1 6G HRw X, A
FIEZR. A2 5% 6G RFE 1 ih %y
ZHE, Xt 6G HARMEAT AT FIMERSIE N i . H
AR, KK 6G BAK W TR KAHAR T4
N 4 AN EE B AR .

21 EHHMESEETR

BAE R B LI 5G FR G0 AT LU I Akt uR K
RRICRE R R, KR %S
ZHP—Z8WANZ Y (MU-MIMO, multi-user
multiple-input multiple-output) EHHEA, Rk
WFA L 50~100 bit/(sHz), XS 16
H 1] 1K 400~800 bit/(s-Hz-km?) {E6] Tt 328 1 X A7
WKL, HUIRT SG REUHZ A MR A Tk 7
WE, WHELHEAKRTLEANRG (WLEANL TE
NS IR AL N fR ok ARG RAER =
D7 H BEARMECA S 5SG AHY, (HEIAA A 5G
ME LUFH LU ) 78 o 4o AR A2 A I 4E ITU-T M4

2030 £ iAW ERATIF RS R, KL DA RS
P TGS 6 07 AT VAR AR AR Fy . WU My
fill 5 Csatellite-terrestrial converged) MR ZNIEIE R
g8, Wi RGN AT DERFEMNE G
P MEEREP. B, W R ER

FIH DY R 3NEE RSN o478 75 V0 [
FEAFEWT 3 ARy 1) R A A
IR B A FLul P4k [ 4%  (wireless backhaul)
Uifie, A v fizs i D6 25 0 26 35038 i A st =y 1Y i)
s 2) A AR EEE IR O e, FRE i
T 38 Pl Bl ey R 2 1 i R Kt LR S5 H K
S5l TP LR Y 20y ; 3) R PAL & &
AR R Candfaihy 30 dB LA L1 22 3 RO RIA
FHEEREREG) UL 5 M 23045 SR AR e 75 1) ik
SRR A PR, A S (s K R T
4 23 dBm [T BeEHL RS B8 f5 RG Gk =
ARUESGEN, BRSO DEITEG. K, 5
3 Py OB AR B AL ) Bl & S gy X, mT R
S 5G =R 45 g s n s am AL B iy
(eMBB, enhanced mobile broadband). K HA A 2%
JKIE{% (mMTC, massive machine type communi-
cation ) Al i 7] 5 fIC I %E 3@ {5 (uRLLC, ul-
tra-reliable and low latency communication) [ J54%
o4, (AR R BR AR BRI, HRFE g K
KE M LR R . DURE RS 72Uy R o4k
it 3 Pl Be AR B R WK 1 PR .

22 EXRESKHFZZEE

2019 FHATLLHIES K (WRC-19, 2019
World Radiocommunication Conference) LA il
X, 6 24.25~27.5 GHz.37~43.5 GHz.66~71 GHz
K ARB L K 275~296 GHz. 306~313 GHz.
318~333 GHz. 356~450 GHz KM & AiBAR T
T 5G MHEFBIEE RS (IMT) KR, S,
A (6 GHz L) #HLL, = KPR 22 B
() LB AL R AT URE B 1 0 CRITE A 2 1m) 44
N, BRI S, BRI N 6 dBD,
A SRR 5 . WESR IS, KRB
SET T AT FH ) F e A 1 PR DL A ST I
W, BRARRARB NG “HEMB”, &
A RBIF R CA 5G I 6G K e FEHA
JimZ—,

SRR RO 22 ¥R A% 1R e R T 9 0 K A
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= O= @@ o=
= 1| 28 s
et 2% sk LFF b M/ ZRLam TR Wl i 2%/ EuligE o)) P
it (EEST) Ly Ao (GBS RS 23
(a) Je R )5 K~ (QF ZLY; F v (o) JATF K=

K1 DR ARG T R RICL B 5 3 Al R AR &4

A 25 BUR S IO S R S P 2 By i ]
MO T s AT R A AR, AHOCECR i 2 W
SCHR[8-9]o &5 G adi 1tk ) Ik 1k A 1 LR 87 FH 3
¢, AT MR RE A0 B HoL U A% R 1 A SR e FH 1P 1)
WE9T,  HATE TR RN 2.

KRR R 2 W 471 2 o e 22 K U8 5 RO 22 4% 1
FEBZ IR IMAMT-Br 2 —. MTH . R, =
Kk 5ORM 22k MK AR K, &) Tk AP
(antenna in package) FAKE KL FI 5
PEAR b, AT SEIR KRB R e W 41 (1) /N BRI
AN, ARG BA) N 5. HA— 41
K&, AR CEEE 2011 VR ISCRER, ARMRE
WEFT BN S 34T T KA 3 SR S g sl & 5 o iy
WSRO, WFSTSE SR, 3 Sk B A ) K AR
LR PRSI IRE O, WIAE Ka 3% B oK i AL 3R 11
EAM IR ORI IR E KR T oK E
%, M—ANHAEH T Ka 3B K v i 7e
R 2 AR A% I A ZR 87 1H e

FHEE TS5 AIREL, KBS AR TE 1
N R RT3 ) Sl 8] S B BEHS (less scattering) BYfF
TEM BRI, O 22 W) S S IR i R v A%
ST E U (rich scattering) 1) MIMO 251 & H]
FARNG 52 B — e FE LI BR o MRS =K T e
(R R BIFIE RIS R e e T 5 8 BBOR L

A S g SR SR A3 A 2 RGN
AR FEAREE K s 2% F A% 2 (W) B
T I SR S R B IS 4 e PR RO

XTGP RME RS G I B

BHARZ: 1) A= KB EE IR ERE,
AR TS RGN ; 2) K AE A
TR WERRARM L) Zond ot J5 v T K 2%
A U RARORTE, SR BRI R AN R
T K 22 50 B T A A RS B 845 RGN
S PR DL SERI AR A RS AN T T, 2
132 AR FHE— DT A T AT

23 HIRBHMHIME Al 5%

Al 5 —RB3HE RGN 854 ZIEF
KBTI — o WAL RN L — R E L
b OGTE al R T AL EE TS 08 45 W 245 18 AT R0%,
IEoE P I 5 AR5 o 1% 7 T RER R T LAY 25
A IK S (A% )18 A5 W 2B AT AL, B
28 AELE R ] FH B AT 0 A S HEWT, 1 it
W28 R ARHEE R PIRAS B YR AT A I 1R 3 )
—RER, kUL, eI KB A b A
LTRSRIN 5% N

SCHR[ISTA AL N T 5G I BTEs i 27
P WO S S MANE B AT T A, AN
T, Al HARAFAE TCH AL R SE B0 R P A A
WHFRAT AL Bk (iRlEEs) . LHES
H A 257 2] UL S0 2% 21 55 KB4 )& T oy
s F T DU 7 D09 286 A [ (IR AR 1) AT Ui T
S RGO R A (R R A T B A
S AT TE R IO R R A S AT S e B AR
i vh S e T R O 2 S PRSI TR, L
M CLARAIE A Je de Lt . A5 R R 24
SEI PR, OB A HE DL R X R SR, H
TERLCRAT T, AFAE AT HER] FH (S SR Clni =
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B EIERIA) 5. AR, 5
TR IR AR A S B 2 50 5 #E B 5 900 AT L
PR 2 2 TS, IFORIE SR A R, AT
R M T A A RS R R . B TR AR R
TN IR SN AR P 2% AL dsAT L), BEmie s
Bl 2 2 A SN, R AR RAR R LS X
IR T U2 —

“HARIE 7 R BRI Sl S AL BOAR KRR &
SO B — o BUAT (0 W 48 BE R 7 5K ) KL
fi, A AR R ST T A SR A, X e
PN TTAIEE, LA AR T Z S n] S5 1 4L
XI5, Behh, XTMESANZRIE (MR B
JERVIBZD SEBR AR S, HATsk=Z 4t —. B
FIRERAE S AFAE RS, T JC T2 32 58 BE R B 9
) ATHESE, BB ORI BRG] 1 I 8 0 ) i J o

6G [7] 3D ok A vy e, A IC N ARG ML RE
RGN A AW, P26 22 4 Bk R T
PN LRI e R A2 DL, 5 BRI
B R R KRR FRA 2 R M&NA
GAEULEARFNITE T 120, — R R e
TR A R I, A 2 AW L8 E Y 25 1)
A AR, IR R 2 LIRS AP
N RIRAE &, WM ZEAT 421, IR 242
ARSI, I AL BRI E 324 A
W, MR CHAMER. AERK” 7
WifkIae )y WA 224 NI ER INFERD M RE Y e, DAR
2 A ZR X W 2 T PR R ST i o H A, BBl
1875 A S EC A3, R AT AT RES [ M 2% %
AR B T . LR A MR N %
SRR DUE I, BRI RS I A o2 fw
JE MRS (fingerprinting) R 5 EY, Wi 1.

RFU BBU %EH;%Z&% BBU RFU

/&ﬂﬁﬁ—f—ﬂi\
UEs \‘\\UEI UE2,.-" N UE4
- A0 )

Rély RB2
UEIFIUE2f B4R,
TETER FAR R AR B P

RB: HISivedise UE: %
RFU: E3ESHHIIE  BBU: SubEarab s

(a) WS RGTHIAE

AT B M PMERC S, W IC T SR NI
A AR UL B4, T AL TEANLEE
G LR B I S LA I ) Y ¥ B A
(R A . FH A

24 KMRMMEMZRE TR ERNEBE

AR, KIHUR R M2 A5 AL B Al
PR BN HE S A IR 5 AL R R v e KRR
BMETCHE ST (cell-free) FEEhIlME RGNS A2,
‘& DAEAH A A% | L34 s MU-MIMO (1) 7
N 2 A Bl 7 56 Y LN 1 2 A 1 P T B B
iR, ISR TS5 R4 AR R
BB EFE b, 24T04k B2 )
REH I 20, TolEs RGN DA BB 4 o
0 P e P P B et 2 v i, Rt 4R
FHATRE I FH 2R (W BRARRE Bl A5 2. Tl is G
BPMETCIE S RGMAL, Kok 6G R D AEF
A A 5G R4 50~100 bit/(s-Hz)$E T+ 5
500 bit/(sHz) i 47, Z/DIXERIE R SEA TR
EAF— 412, KIBIPMETCIE S R0 T H
RO B ToLk M 48 5, AL geies Sl ek
W) Relay. Small Cell 25752k Bl 15y 2045y
RO,

Bl 2 BoR THSEE RSG5 5T 5 i A
MU-MIMO [ oI55 RAAERIZE ER A, PR )
AR BAE T3 0] 3 b SRR 5 AR A i
B ARG T IR T /AN X ] G A 3, AHAT
AN BT 6 FH P JCVAE AR [RCR b [F A
2% () 52 3 28 TR BT R R o T T I0E s &
gookut, NEITLLMBEMMREE L Z, BTl
FEAAFIAR b3 FE 2% 2 R RIHEAS, B2
X MU-MIMO 15, H ARG R SR 5 i %,

5INS34i AMU-MIMOJR( & 4b B, B UES TR ]
H IR] B IR S5 IR, %%%\Jﬂ%éﬂé’%%*ﬁﬁ%ﬁﬂﬁﬁ

/
A2 FMU-MIMO
RRU BBU  Ip:A4b#  BBU RRU

b— @l — 8.
RN I TN
. “~._UEl UE2 .-~ ~._ UE4
UE3 .- <. .- N
B 08 -8

RBI

RB: H{#i¥sdith UE: %3
RRU: SESRGHRMIT BBU: HubiArab s

(b) FF4 AR MU-MIMOR Tl 55 R Gt m
2 R ARG EHT A0 3 MU-MIMO [ G155 R Si R 480 b
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W R 6G 5) Ik <7

(143 A = MU-MIMO ()25 [) [ i B E . 25 F
W, ARG RGLL “ I AR S50 TC R PR
TER AN 0 B a1 MU B TG 0 55 28 48 ) LA
N TR —A AR 2 R] 7 SR TG 2 R T R A ik
fill, J5 o WARE B BRI A

TEFR IR, R MBTEME LI R4
PERESRTF LA R Ge v 55 55 2% B8 00 285 J A 1 384 n ok
Mo 1) Togehbul (AFR R IEZ T A AT %
R RE T, A5 WIHE LUZEAT 23 A 28 MU-MIMO 4b
L, 2) KB AR MU-MIMO 15 I8 Al o 55 Szt
AbFEA B 5 LA BRI P s s 3) TGk R A () i
S [i) A5 030 30— BOrE e 1 P R RE R A 2 1
R e WER SRR 5T I JCHE S R T
X, B “BRRLE” WIRW), R Bk
JE UL AR 2 ) S-SR T RERIHT T, AR 6G BB
WS RGN EZS 7M. I CAHT 5G i
B, WA G EE 8 A LA KA 5)
WG RS AL SR B R 2 22—

3 FEH-TSRWHAT BN E TR
KA

6G [ T 5 BEHR AN T e 1) o AR ) (1)
DR 25 78 i 2 A, 3 T B 1R S A DY
FRE R, R R4 5 Ik 55 07 K.

3.1 SESENT

5G B F (NR, new radio) 7 UK i T 4 A%
I EF A A A RS Bl A R AL AR T/ bR —
[, 5G NR IE 5 N TR 1B B Ay . k554
SeH 5 SRV T ANRAENLEISE, FRR T b O
ARSI AE ;s 55— )7, Mg AFRE KL, £
K% (multi-TRP) 52 EHARILENLH], f 1770
R A IR R T SRR,

T e P 2 i B v ) uRLLC 7 48, Mk
FRVWT T Z Rl BRI BORIERAT, AL 4R REAE FE B 4>
S (TDM, time-division multiplexing) &1 &
WAL R R BR FlexE, fgts Ay ik i 2 $e it
IR SE ey AT 5E DR Bt PR I (] B/ I 44 (TSN, time
sensitive network) DA K 5G W45 2V A M QoS $2
PEORES A 2 PE 2% (DetNet) 25, JLRA HbRjE
il AR L TP IR 28 S T A« JC v R it iy 281 iy B S K
W45 R (R ) T o, i e — I
FEASE T [ LA M (Ethernet) I 44 7] 25 (¥ TEEE 1588
PTP v2 Wi, SCHR2SIRI BN G T A1

KWME 5G L5, MRk T 04 MU-MIMO Ji2k
T e [AD PRI R TR [R) 20 fr) i, (DR T RS S s IR
KEINH, EFELEMES FEREHETT 2 kRS
BT

JYE 5G NR AE (= o] 5 AR BRI 5T 7 THEUS T
HEYEE, HNEWHE S, 9 Ehm uRLLC HAR
WEFATIAE T AW BCGA I . — 51T, uRLLC iR
H R BLHE S N ) e Dh e, /5 BEAE s b AN
Wroesg; 5 — 41, {EMZIBIROCRT, HErst=
HRAPFEARYERE 7 5 VPRI F-Be . fEMZ8 T R Z
I, AEATEE uRLLC itk 25 N FH TR (1) QoS,
JEA G i B Pk .

H12) uRLLC HEARKJE 1) 73 b — MRANE DN 2%
SEEEAR G A BN G — ) R T S IR e R
HriER R, BAEER RN,

1) LAICER B 6 1 s ] SEPE R A 1. 5G NR
A YR (NB-IoT, narrow band Internet of
things) PAAH[RIME BAE 2N G4 Btk 2 (Al ()
% FLIEA T BP0, R i R B T SR A
[, BORHUBRAR T JC 2k IR IR &%, HonT Rg
FEAROR BRI I . AR, SEREMIEST T
LRGN IS TC A R I v SEME L TR E TR IR
e AR R B DA S To 4R BE R I AR S 9, I
SRILEAAT . R, B AT A AT R
PSR R HR, HiT 5GNR [ FEE I RA——
KIBE MIMO A 5 i H 2% 7% 1) 53 F R0 25 1] 73 2 1)
PFrepfig P, X R TR MIMO, R4
AT DAAER SR 50 4R (T 5EME) 2 M T 201
Preh o AR HACE D HSCEREY, LA R
T MU-MIMO. %=, #7104zl MIMO HA KA
M2 EHR I, fENGE RAE LB i fi k. e mift
ERTSENE TR, CRIE IR LRI, R R
BN EM, AR A RE .

2) DLTGEHEH SN EWFTE 6l 5G NR b
T BRI SE SRR B () I B R RS S R T
Bto TEFFER RARLE S ME R LT, XEK
S TGS B B . Gellager 45 HiTR £ it
BEPLgn B E B, AR IR TE (BSC) 1)
BT, AL (pairwise) ZHIMEZ
B 2700, JLrh, N OMfEE AN PR, Re A
i 1k % (cutoff rate), HIMFEH, FKG
T 2 Y 7 YK FE R iy K R gL il Stk B35 T
B o SCHR[32-331Kr Bk 45 A 2 MIMO V% 1(5
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EHTE, @REW, WTHENRERE ST
SEMEER, YR o B B B — e IR 4
P, XA AR RN AN o] BTG BRI s . S T
NEXT AR 6G H& I SR 2k, WHEIR IR
W 50T B G 1 73 A< B2 0T 28 48 7 g 1) 5% M) - ) o
B, SCHR[34-3510H9T T A FRm IS 7 SR FE -1~ 2
REAFTERT ARG R, o — R B
B 24 A 23 B K R 20 N T 0 75 B R AT gk — 2P
MI%% )1, M AR 6G uRLLC $iAR K S R4
PRI S SR

32 RERFEEHSELE

B8 2 FLIE M 1) S RN ], Pk g
ST 2TT0, BB TR ) 2 e kDO,
EEXTIEINDSS, SEITREAT b R ATRERS G B
PENABCEE, WAL %S QoS HIFE =Kk, &IET
NARFEENIEAT RGN R P 6 200 2 25 (R R A
JETE. TR ISREARIOMESS T, 5G NR R H
TREFHEOS RENTWREAMS, WG T
b FAT I BB AR L N 2 W L (TDD, time
division duplex) AR LA K b AT 70 %6 S AL HL 1
443 L. (FDD, frequency division duplex) R4,
A R TCZ T4 (CLIL cross-link interference) &
B R e L AR Y ) 2 B0, RSN
I T LR A I Ao CT,

AR, 2T OIS H 2 Flog L X R
fo & 2, S RN R4 T (CCFD, co-time
co-frequency full duplex) B¥. 45 Py £ S pMELXUT.
(ComPflex) V%, i, CCFD %%k, HF
PO B I S B TR A OB b
HORSEFE RN T 2014 4EWFHIH T H 4% 100 dB
HTHEHEREE S 1) CCFD WUk v, IR —HAR
) SE AT e T HEE—D

h T L A 6G IR R T 2L A0 K A .
R, FEE— PR R F (0 o4 Bt s ic L
Ko AL, FEAEMOR BT BT FR LA X
R ) B B A7 S 3 — 2 58 m . Ny
B, WOR B H T H0 BT 6 5 22 M AR T rhL i
AUt R, 1A SR I (1) TEL T AT o U A4k it
T2 M BRI . 25k, 37 RGK
cell-free #J2¢, T 1) EATEC M TREBR S HEAT
R A3, IANAAAE I S A A AR AR I 2 A4 |
AT HE S 2 1F) DL S 22 A TS AT i 2 TR] 1) AH B T4 1)
B, AT AR FAT RSN M ATEER (U2D, up-link to

down-link) [JTFHRLLL MTEEH N EATHEER (D2U,
down-link to up-link) fJFH1A R, Ml Bl K Hb 1k
T CLIWBRIA) . £ AF B 458 %4k |,
D2U THAE T W2 )& a] LA St gn i), PR,
LGRS T CCFD i AT AR, 75
cell-free G0/ MR FEHEATHARNE I B, e ) 4%
1) 1) R gk ¢k U2D i) 7

BT BB, SCER[40] 91N T — R AT
cell-free 4 22 1¥) I 2% 4 Bh 42 XU . (NAFD, net-
work-assisted full-duplex) $iAR. A5 I, NAFD &
— PR B RGE A EOR, TDD. FDD,
CCFD EAK 5G NR RIFERLU T2 HARF B2 SCHR[40]
B IA T 4y TDD B TS JE T I
D2U LA U2D R )

3.3 ERFFHHEN

R Y 1 R IR B A A v R A R TR A I
2% (LBS, location based service) FF3K. &BKSH 1
JE R4 (GNSS, global navigation satellite system) £
TERA 1) 2 A0 50 a] et 10 m ZORAA 47 Bk
%o HE—IDH, Famat DA A EdEs, b
ZHH PR SER & (RTK, real time kinematic) %%
WAL ZE B B, AT =S GNSS 138 A7 ik 55 K
J3E 3 ) JE K 4 BT 5 P DA% s BT ek
FAEDCOK UL, GNSS 15 5 LA 83, BORREE
ERREI T LBS W,

TEA HLR SR AT 51 & R o N R alin fE R 45
CITE ML TEANTEMEE b, KR E A2 1
WA LA P ORI . AN, FE&SZ VRN Tk i
BM 5 5G A& s, fFENENIRER
BLAE N S A 1) 38 55 43 2he 4 55 B N B2 {3 5L K 4%
R RERIALEAT L, ATAT R 2 s 42 ol PR 484 o o o 4
PR

ST AR EAF AR LBS HiARA 3
TRESR R, SCERI431 R G i BA
MR FEREAT T A, Tt — L3, 5G NR R15
PrfEiE 5 N Z AN S % (5 5 CSI-RS, AT KR
SRS FE I LBS BOR$E(E T HEAETF-Be. 3GPP &
A0 5G NR R17 850U, s@ AL 41 %0 N
w2, JLHARE AWM K V2X (vehicle to
everything) SFAIIE I N FHER 4L 3D JEOK SRS A FE 1)
LBS AR,

BTN AR By a0 A A Bt 1R 5 47 B AR ] A
NEFE PRI R VR A e i o e
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JUH RS 6G LT BB <9

PR W, IR M) Z%ums 34
FEuk I BIIE BT TR] (ToA, time of arrival) BY 21k B[]
2 7% (TDoA, time difference of arrival), ¥ iz
¥ 5)) 2 ity 22 PN BE b R BIA M 2 (AoA, angle of
arrival), FFH2EE LBS R4assi it B e &
s fr B T LI N TRtk 2 A B)
2 BRI 0 5 7 B R, SE A SR A A R I T o
2 HEUE RS IR By 2kt s 7 ) J T %Ky ik
(RHEA SR . R 2 Akl 88 2y 2 i 1) To 2
LRI VS S 2 kS T VAR ON /TR
I AT VE KRR . R TTVETH AR 2,
(AT LA P18 R OR R s ARl R
FHERR R E H A B 2 N, e ARSI BE ATIA K
90, FLAT LA™ I 22 42 FE e ) 0T,
BESt R R R S &, U5 RS it 52 ) 43 38 1F
—HARTE, KR GORG R E 72 AT AU . ERE
REVER) S A — TR e 2 T 2 REAS TERFAE 45
SCPUIH AR, TLS e iR A, R A EE A K
NN

JREASK 10 47, LT AR )ME RG AR
T E AT AR HEN TR AR RN - 1) W28 584
(R BIET R AT ARG A 22 67 (1 St BEAT A, C-RANL 7
A28 MIMO LA TG 8 53 A6 SR AE AR AL A3 Bk il 1)
(A AR R HERIR . 2) BEE BT, BahE
fEf5 1 5ok WA 5G (1100 MHz 31145 500 MHz,
LIRS HER A STy (UWB, ultra wide band)
SERTBEARR 25 oAb, BEub UK e B oo 0k Ik 2
1 .000~10 000 4>, fFEHEHRTTIE 108 2/ A
KB I 55 5T 304 Ay JE K ZBORS 1 7 A7 52 fHE 8% 11
HIRCAR AT 3) 2K SRR 250 B ) HEL IR IR
S AHRTALSS 5 LT RERE A7 R AR S ] U
Bng T T LRARGN, KERET A0
BNIEAE RGN E RIS EN A E AR 6G WL
R —ANEEI) L

4 HRIE

5G BERTFR T “HEsmTEis . JTWEER” A
B B)IAE R IEMA T, ATLATE, 6G # LA R
Jeqtt, MDA S R R SNIE A N HEE, e
TR S LI L5 SRR W PR FE At e 55 e 0, (G
J R HES A2 AT A B, AL
BREA A I G VE BOR B SR e, I DL 5
RSB LA B PE, N 4 BOR R 3 1

BT A -

AICRARRK 6G Toet NI AL R BRI R
AGHEAT T REE, IFXS LA A SIS R G0 0 e fi
1) S A W BT e 3k — 20 SR T R B R
T TN SR . ASORW LI 2 6G £
ARWFRITI], AHE 6G 2% K HLA1HT 5 % 1 45 7K
L% 5% NN RICR U B TR 53 NN TR eU R DT BT RSl SR A
TS EOR G . 17 2030 2 51 6G B ahiifs
BOR AL T A AT ZE Y], 6 FE AT A i ) ik
AR BEAt, SO R BORIE T BEAK
AT T 5G HORI R SRt b, 8 LA SRS
B, A TR LR SO RSB AGE 1] ) 73 #
T, fexEHt 6G HORWIFUA I ah .

B K-

[1] DAVID K, ELMIRGHANI J, HAAS H, et al. Defining 6G: challenges
and opportunities[J]. IEEE Vehicular Technology Magazine, 2019,
14(3): 14-16.

[2] LETAIEF K B, CHEN W, SHI Y M, et al. The roadmap to 6G: Al
empowered wireless networks[J]. IEEE Communications Magazine,
2019, 57(8): 84-90.

[3] BT, HOUHE, RUTE. 6G B EMS: 5t PhikE 0mE
R[] P EEEE FEFRFRE, 2019, 49(8): 963-987.

ZHAO Y J, YU G H, XU H Q. 6G mobile communication network:
vision, challenge and key technology[J]. Scientia Sinica (Informatio-
nis), 2019, 49(8): 963-987.

[4] EBez, MG, TS, 4% 5G HARGRHEM]. Jbnt: B Tk
AL, 2019.

WANG X Y, LIU G Y, DING H Y, et al. 5G technology and stan-
dard[M]. Beijing: Publishing House of Electronics Industry, 2019.

[5] ZHANG L, LIANG Y C, NIYATO D. 6G visions: mobile ultra broad-
band, super Internet of things, and artificial intelligence[J]. China
Communications, 2019, 16(8): 1-14.

[6] NIEPHAUS C, KRETSCHMER M, GHINEA G. QoS provisioning in
converged satellite and terrestrial networks: a survey of the
state-of-the-art[J]. IEEE Communications Surveys & Tutorials, 2016,
18(4): 2415-2441.

[71 ZHU X M, JIANG C X, KUANG L L, et al. Cooperative transmission
in integrated terrestrial-satellite networks[J]. IEEE Network, 2019,
33(3): 204-210.

[8] HUANG J, LIU Y, WANG C X, et al. 5G millimeter wave channel
sounders, measurements, and models: recent developments and future
challenges[J]. IEEE Communications Magazine, 2018, 57(1):
138-145.

[9] HOSSAIN Z, MOLLICA C, JORNET J M. Stochastic multipath
channel modeling and power delay profile analysis for terahertz-band
communication[C]//The 4th ACM International Conference on Na-

noscale Computing & Communication. ACM, 2017: 1-7.



<10+ om Mo R EE R

[10] WANG H M, ZHANG P, LI J, et al. Radio propagation and wireless [26] 3GPP TR 38.824. Study on physical layer enhancements for NR ul-
coverage of LSAA-based 5G millimeter-wave mobile communication tra-reliable and low latency case[S]. 2019.
systems[J]. China Communications, 2019, 16(5): 1-18. [27] BHE, VEM, BRAR, 5. B MTERLRIRI]. E(E 4R, 2019,

[11] RANGAN S, RAPPAPORT T S, ERKIP E. Millimeter-wave cellular 40(6): 160-176.
wireless networks: potentials and challenges[J]. Proceedings of the HUANG T, WANG S, HUANG Y D, et al. Survey of the deterministic
IEEE, 2014, 102(3): 366-385. network[J]. Journal of Communications, 2019, 40(6): 160-176.

[12] LIL M, WANG D M, NIU X, et al. mmWave communications for 5G: [28] YANG W J, WANG M, ZHANG 1J J, et al. Narrowband wireless
implementation challenges and advances[J]. Science China Informa- access for low-power massive Internet of things: a bandwidth perspec-
tion Sciences, 2018, 61(2): 5-23. tive[J]. IEEE wireless communications, 2017, 24(3): 138-145.

[13] HEATH R W, GONZALEZ-PRELCIC N, RANGAN S, et al. An [29] ZHENG L Z, TSE D N C. Diversity and multiplexing: a fundamental
overview of signal processing techniques for millimeter wave MIMO tradeoff in multiple-antenna channels[J]. IEEE Transaction on Infor-
systems[J]. IEEE Journal of Selected Topics in Signal Processing, mation Theory, 2003, 49(5): 1073-1096.

2015, 10(3): 436-453. [30] BAI B, CHEN W, LATAIEF K B, et al. Outage exponent: a unified

[14] BARH A, PAL B P, AGRAWAL G P, et al. Specialty fibers for tera- performance metric for parallel fading channels[J]. IEEE Transactions
hertz generation and transmission: a review[J]. IEEE Journal of Se- on Information Theory, 2013, 59(3): 1657-1677.
lected Topics in Quantum Electronics, 2016, 22(2): 365-379. [31] SHIN H, WIN M Z. Gallager’s exponent for MIMO channels: a relia-

[15] JUHE SR, k)1, ke, 45 ST AL 1) 5G BAR—FR 7 I 50 bility-rate tradeoff[J]. [EEE Transactions on Communications, 2009,
B[], PERE (5 EEE, 2018, 48(12): 1589-1602. 57(4): 972-985.

YOU X H, ZHANG C, TAN X S, et al. Al for 5G: research directions [32] XUE J, RATNARAJAH T, ZHONG C J, et al. Reliability analysis for
and paradigms[J]. Scientia Sinica (Informationis), 2018, 48(12): large MIMO systems[J]. IEEE Wireless Communications Letters,
1589-1602. 2014, 3(6): 553-556.

[16] YEDIDIA J S, FREEMAN W T, WEISS Y. Understanding belief [33] WOLF A, SCHULZ P, DORPINGHAUS M, et al. How reliable and
propagation and its generalizations[M]. San Mateo: Morgan Kauf- capable is multi-connectivity[J]. IEEE Transactions on Communica-
mann, 2003. tions, 2019, 67(2):1506-1520.

[17] XU Z B, SUN J. Model-driven deep-learning[J]. National Science [34] YANG W, DURISI G, KOCH T, et al. Quasi-static multiple antenna
Review, 2018, 5(1): 26-28. fading channels at finite blocklength[J]. IEEE Transactions on Infor-

[18] ZHANG C, YANG C, PANG X, et al. Efficient sparse code multiple mation Theory, 2014, 60(7): 4232-4265.
access decoder based on deterministic message passing algorithm[J]. [35] ZHOU L, WOLF A, MOTANI M. On lossy multi-connectivity: finite
IEEE Transactions on Vehicular Technology, Accepted & Early Access blocklength performance and second-order asymptotics[J]. IEEE
Paper, 2020. Journal on Selected Areas in Communications, 2019, 37(4): 735-748.

[19] BRIV, PSRRI H-FEM]. dbat: RH= AL, 2018. [36] CENTENARO M, VANGELISTA L. A study on M2M traffic and its
WU J X. Introduction to cyberspace mimicry defense[M]. Beijing: impact on cellular networks[C]//IEEE 2nd World Forum on Internet of
Science Press, 2018. Things. IEEE, 2015: 154-159.

[20] LI Z M. Telecommunications 4.0[C]//IEEE International Conference [37] LG Electronics. Revised WID on cross link interference (CLI) han-
on Communications. IEEE, 2019. dling and remote interference management (RIM) fir NR[S]. 2018.

[21] SHIU Y S, CHANG S Y, WU H C, et al. Physical layer security in [38] SABHARWAL A, SCHNITER P, GUO D, et al. In-band full-duplex
wireless networks: a tutorial[J]. IEEE Wireless Communications, 2011, wireless: challenges and opportunities[J]. IEEE Journal on Selected
18(2): 66-74. Areas in Communications, 2014, 32(9): 1637-1652.

[22] YOU X H, WANG D M, SHENG B, et al. Cooperative distributed [39] THOMSEN H, POPOVSKI P, CARVALHO E D, et al. CoMPflex:
antenna systems for mobile communications[J]. IEEE Wireless Com- CoMP for in-band wireless full duplex[J]. IEEE Wireless Communica-
munications, 2010, 26(14):1794-1796. tions Letters, 2016, 5(2): 144-147.

[23] WANG D M, WANG J Z, YOU X H, et al. Spectral efficiency of [40] WANG D M, WANG M H, ZHU P C, et al. Performance of net-
distributed MIMO systems[J]. IEEE Journal on Selected Areas in work-assisted full-duplex for cell-free massive MIMO[C]/IEEE
Communications, 2013, 31(10): 2112-2127. Transactions on Communications. IEEE, 2019.

[24] NGO H Q, ASHIKHMIN A, YANG H, et al. Cell-free massive MIMO [41] &K, BRI, EMRsE. GNSS ke i s # M), Jbat: B1
versus small cells[J]. IEEE Transactions on Wireless Communications, Tl A, 2019.

2017, 16(3): 1834-1850. DONG D N, CHEN J P, WANG J X. Principle of GNSS high precision

[25] JUH R, FAW, FiLf. 4 MIMO 5 5ig s # 2hil (5 [M]. positioning[M]. Beijing: Publishing House of Electronics Industry,
Jent: BheE HiEAL, 2020. 2019.

YOU X H, WANG D M, WANG J Z. Distributed MIMO and cell-free [42] LIU Y, SHI X F, HE S B, et al. Prospective positioning architecture

mobile communications[M]. Beijing: Science Press, 2020.

and technologies in 5G networks[J]. IEEE Networks, 2017, 31(6):



F JUH R 6G ) sk M e 11
115-121. [E& &N

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

TP, BREE. T 5G KE MEARTIIEERIR ], b5l 24K,
2018, 41(5): 1-12.

ZHANG P, CHEN H. A survey of positioning technology for 5G[J].
Journal of Beijing University of Posts and Telecommunications, 2018,
41(5): 1-12.

WAX M, KAILATH T. Optimum localization of multiple sources by
passive arrays[J]. IEEE Transactions on Acoustics Speech and Signal
Processing, 1983, 31(5): 1210-1217.

BIALER O, RAPHAELI D, WEISS A J. Maximum-likelihood direct
position estimation in dense multipath[J]. IEEE Transactions on Vehi-
cular Technology, 2013, 62(5): 2069-2079.

GARCIA N, WYMEERSCH H, LARSSON E G, et al. Direct localiza-
tion for massive MIMO[J]. IEEE Transactions on Signal Processing,
2017, 65(10): 2475-2487.

LIAN L X, LIU A, LAU V K N. User location tracking in massive
MIMO systems via dynamic variational bayesian inference[J]. IEEE
Transactions on Signal Processing, 2019, 67(21): 5628-5642.

FRLLRR, PUET, THE, S5 ST R AMEAR A S S R SO I o A1
B LA, BEEAR R, 2009, 22(12): 1795-1801.

GUO H C,LUO HY, YIN H, et al. A distributed localization algorithm
based on linear interpolation and dynamic fingerprinting correction[J].
Chinese Journal of Sensors and Actuators, 2009, 22(12): 1795-1801.
DEFRANCO P, MACKIE J D, MORIN M, et al. Bio-inspired elec-
tromagnetic orientation for UAVs in a GPS-denied environment using
MIMO channel sounding[J]. IEEE Transactions on Antennas and
Propagation, 2014, 62(10): 5250-5259.

SAVIC V, LARSSON E G. Fingerprinting-based positioning in distri-
buted massive MIMO systems[C]//IEEE 82nd Vehicular Technology
Conference, 2015: 1-5.

HEE (1962- ), B, KukK¥EBEhileE
B K o 5 206 = AT T i, Ky
BRI B%, BT 10 h e 3
WEHR S HEARMI. Jo )5 T E S 863 +f
I 3G, 4G J¢ 5G T ARIIH L HRA4K, H
FRHE R H— R L& sl
M7 BT, ER IMT-2020 (5G) #ERE4L
FIALKAE; 1998 4P 3R E KA A 3 4 e
Wi fERE—52A, T 2011 fF3RE R AR KW 2%,
FETRI4E 2% 4 1IEEE Fellow; 3K 2014 4E 5 [ 52 Bkl 22342
£ IEEE WCNC 2014. VTC Spring 2016 #1 ICC 2019 £ [
e RO & R .

m

/e

& (1959- ) , 5, EBlEERER A
RGO S, HAE M
HAR LR PEBTESESES, P
ELEAE A AW 4 M, T AYE B4k

e T t L s
m 92 BRI, 7 5 A RBP4 B 4

JTEMESE S RS BT B A N 455
A T Z AR TERCR, TRFER 20 2
I B 5 A R s ORI L, SR SR D 2 A R
Bt bR 2.

P sprRse (1943- ), B, P TR,
/ \ | OCEMEIAM S T BN K, BT E
‘_ Mo B R IR S5 B, [ 5K

D R RERE R SR AT E R

WL KBNS TAL. BERCERM+ T8 %

FHEMBE NI BERYBPNE R4

K.



