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Abstract: Although Internet of things (IoT) can enhance the quality of people’s life, but it also brings the problems of
energy consumption and network transmission congestion. To solve the above problems, backscatter communication
technology for zero-power IoT has been proposed. Thus, it is of great significance to survey the state-of-the-art technolo-
gies and study the relevant challenges. Firstly, the basic definition and technical characteristics of zero-power IoT and
backscatter communications were presented. Secondly, several typical application scenarios for zero-power backscatter
communications in 6G were introduced. Thirdly, the system structure of zero-power backscatter communications was
given and the potential key technologies of zero-power backscatter communications for 6G applications were also dis-
cussed. Finally, the technical challenges and potential research directions for zero-power backscatter communications
were analyzed. Additionally, the proposed overview was of important theoretical significance and practical values for
promoting the development of IoT toward full scenes, full spectrum, and many types of services.

Keywords: zero-power IoT, backscatter communication, 6G , intelligent reflecting surface

WS EHH: 2022-08-16; fEEIHH: 2022-09-29

BIEEE: BBEZE, xuyj@cqupt.edu.cn

HEWE: EFXARPAESHRIIIHE (No.62271094); HRTTHZEF AT TELIIH (No.KIZD-K202200601); HKHH )5
WA R R (No.2021XM3082);  FEPRHEH AR ASFRIE AR G BB H (N0 E011A2022324)

Foundation Items: The National Natural Science Foundation of China (N0.62271094), Scientific and Technological Research Key
Program of Chongqing Municipal Education Commission (No.KJZD-K202200601), Special Support for Chongqing Postdoctoral
Research Project (N0.2021XM3082), Foundation of the Institute of Advanced Science of Chongqing University of Posts and Tele-
communication (No.E011A2022324)



200 * b

R 43 %

0 35|

2021 4, TkAME B )BT TR AT SN
BB N = AT R (2021—2023 49)),
Forr g < IREE e A TR A AR
AT A IR R RS R B T, IR AR A
B RPN AERS, PRALE AT, HESh P
W AT RE, AW B EUr K, A 7138
iETRE MM g E . RS 12 H, Ba AR
BRI N TR AT A-DYFL” il 3 ol v i 2 R 2
KD, FHrrsmiyE BRI A R BT
BEehliE . ERWE TR AR, KI15lS
RS F AV BE X 22 R i iF & R P Ak 7. %
1EF] 2022 4F 8 H, &HA 31 M (HBKX. BHfE
) FHGRHE B BRI AR K AR CBUR, NI
3 SE YN X | S T ) PR B S T - S
F R XIRA TR R BA EEE L.

WK R 5 A (1) S 3 R A8 AT B AR R
gz, filhn, 2EEES N LSiIE E A A
® BaEE, S XEREREIRE; BEDRAT
PASZELZESER I . i s hael o, AHah, Mok
PR A AE R I T R Re sl R SR
W EAGIAE V2N, WL RS RS BR
AL HIBAEGEERE T HEEMER . T, FUFE
VIR AR SGZE A . 2022 4F 4 F, OPPO #F 5t beiid
E TN EA (FFEEE) AR, JHEE “E1)
FEVDIE B AR BE % S0 5 I IS R I R
UFE AN, NI R 2 )2 K 22 4EFE RIS 75K,
P e | S E S 7 N A DA 2l S

T IFE IR AT S2H 6G 42350 A4
Seb g SIARREE A A E R, KT
AR, ZIhRe. WEEifg . RiGHE
FRRAR A SR £, B INFEYE AR AT DL 2 2
PR S5 TR R, B, 78 w5 R A S )
A s B F I AR A SRR EY) .
B, MESER; fEaiudE s B s i
BEINFEARZE, AT AL S IB B 2 .
BRI S, FUREDBNEA RS W F .

1) % Hb

Z= AR I I 52 A B 4% Wi B B 55 v (1) S A e
&, FEUMRINFEN 7 23T I m) i Bs AR . A
I, AFARS IR SRARAG, 117 v] DA SE 3G i
Fo BEUERIH T WA ZEPERIN ., T2, =€

il

HiHF PRI DU (75 Y it I v FE R R A 25 R 5
R TR, ATRELZMANI4EY

2) L&

TERDNFEPIIECIA 384515 md 3 B I A R
SHIE A S B AR DO FE PR AR, RE O A B A 1k
&t it Bt I8AE T SRR LI/ TR A K
NIRi, BEA R tifE XA e AL e [FRy, Fr
AN RER B, W2 H P 7SR5 5E T ARG

3) &

TEE T FEVIBR I8 A5 1 RUR] FH RS 5 A e
SRR B B R AL S I . I TEIN R Gk
5 G S AR, nT DA R KRB, T A
FINFER AN, DXk, A s AS 8] W 3 a3t
1Tt re 5 BARAE 7 oK .

ZE L RTR, S m IR A T DRI N
— PR OBOR . E T R DRI I ) S [ UK E
EYIEN R G, AR R RE SRR T,
RIFATHUR s A SR B {5 B e
BEHREE) IR R S AiRe &, DARZBHHIITAC
(177 A & T REORDN, IR A SEEUR
A R SRR 55 S Hacise & S LA, Jiid
ToLkRe BRI GA  A 5 B b U R DhHE
VIR S Rl A S S n ] 1 fs . ARSCN A
BAREEME 2 iR,

N

-

Vy HIRE RS

BT ST D R A O 5 3 5

1 FRREHSTEERARENT
T TRE T IO AR B R — i Ui SR T



ERIR FKIGEH S T 1) T DREAIIBE I ) S [ RO I 15 4k 201 -

- 1R IR 1] B 3 R IIFEII A ] : 4ﬁr160$113%% E; 5. zmﬁmmﬂﬂlaﬁ
! [ AT BA TS j E*ﬁiﬁfﬁhﬁi R j S R g | &Mtaﬁ% ¥
GRIFER L j‘:i """""""""""" e R
: 5 | BINFEE (S : :
E BERAREESE ) i R e s
--------------- T~ RS ‘ ]
~ ~ ~ J% ) ool : ﬁ%, :
T Z | " If] Bl 5
A il ol g | 1y 1% W
¥ ol ol i3 # il ot R 1 J hi
% | [ [ I I x | B | -
% | % % | 7 Bl g | F 18 B | I wo| fE N
R - N T N 1 . O wo| ® |y
* I I I IR O S B m| K| om
] # WO E |2 LR # % wol %
% ? 15 | & gﬁ i A % g l
», A ) o >_A_L< i B
(e Vil B vavameme i
BAER RS )5 HE
( mmkw ) CETT—— i
AR I 1Y i I
( wmms ) saERs  fi i

2 ARSCAFRIEIRE

57 R E SO P e R AR I Zom T AT E o1&k, HR 2 RIGEEAAM TR Rt
(SRR TRt v R SRR T I PN GRS S SRS WS <6 X STWSA R |5 € pli BRI S Sk e
TLkRE IR SR FIBGHEE. P5h U AERER AL R RS T UM R IR ke 5 R,

v
BRI R PR £, %E‘ii‘&lmw EH) 221%)1&&}522& =1 [T arTT———
SRR REN A S B R, %) YN STRs T
. [ o P 25 /m
FES A BUHIE G SR AR B AN K] 3 B SE I (kbits™)
A8 I v it 0.79 10 0.4
Wi-Fi KA U 9.65 1 _
LoRa Al 5t 9.25 37.5 —
FM & ) it 11.07 32 49

S [N IEAE R SEBL AR AN R o S R IR 2 2R

Y R S ) B AR 5 7 sRHEAT I8 45 72 R S5
SHIHTR T8N S R AP HUR LB E . 24155
FIIE A AN R BH T FE R 2 Ao [ L S

AR SN, B ph H el AR A 22 e ok

() S B 5 ML 4 1 5E o VA R L AR P BET AT LA I BHE 5 T fi

VBB B R T 25 TSI — T A 1

% /° = S R LR A R R B (TR, 12T
r— S B (BT R LR 1 2 M b 1 S LR,
z TSRS B R4 01 FEF1. h7 (LRSI 20

(O) DL ATt S (©) —hRi ST R I T R SIS B M

B3 TIRER UM A 5 . R ‘ S
SN0, aRE RN, BPILE, SRS S

IRIFEUS RS EEAE 3 A AR, & PRGSO LI, ARSI, FEERORERIN 2
[N 5 a5 5 Bl B 3@ T BUA L, I3 SO HERBOR I R TS SRR . BRIk, JF IR
S EHUR T R R R S5 A B s B RS . B SIS IR AT I, DU SO (%14 25 2 4%
. UAHIBIER, E R A R AR . A WL, AIRA R S Y H 7
AT DAWSCER J B A 5 R NS 5 0 U&W%ETE’UF T YIFES A BIUR v S5 2B U B 3(b) s,



« 202 ﬁi {

R 43 %

Hof, VRIS SR R R, Z,, R
KRB, Z,, R8RSR, FdZ e
&%%ﬁ%@%ﬁﬁE=Efo§ﬂm,E¢,Eﬁ%
V& TS B, RN T BRI
S B, B, Rl RS Z, R 1, B
PR, o R R T O R

I B RO, () RS 2,
Ta) WA EERE S, ANIRE, [ %,
0 FIRARE, £ NI, VU 45 5 5 O 4 R
R B0y

S(t) = ASej(Zﬂszgs)
T(t)= ATej(MfrH@z)
R(t)=S(OT(t) = ASATeJ'(Zn(.fstfr)H(GsWr))

1) BRI . R O 5
FRE 3()FTR, A 3(c)d AT LU EIR M &
BB LI R 24 B b S ¢ I,
%ﬁ%&ﬁﬁ%%ﬁ%ﬁﬁ%%ﬁ%zilﬁ,
q=§5§moﬁm,ﬁ%ﬁﬁﬁﬂuﬁﬁﬁﬁﬁ%
HELAHLL I, ST RS SR .

2) BOARL. B4 B P I B e TR A5 2 ke
AL AT ERSHE S F B3I i

Ae,ﬂu%&%ﬁﬁévﬁﬁfioﬁﬁ%iﬁ
TC

1) MO AR GRS 2 DB 1 B 135 (s A0 P,
3) B , B H A R R
S,

2 6G EFEREMGTBENAENRATR

“OREIZIE” & 6G PIBKIN R R EE T ), &
DhFER A BT B E AR EE I A G 1R, 55
BARE, AE 6G ML o ki BT, 2
TR EREOLN, TR A M2 . B
NI RS YN W) P R & U 5 SR 11
FERGIA IR H AR 27 BRI RE R THFE,
HZ 5% H S SR HIPRE], o2 2 HAR DI FE
RIEHE . RRAK TR, N EE 6G Fhke
I U A () B 3 55
2.1 Tk Fetkik BRas L%

BT DI R R b, B A% 7E e R

PR M A5 T TR B L — € AR AR R . 6G
[P 2 i b A BB IR 1 5 e SR K B 1% SR YT s R
FOURTRIE . W SRS ARRRAS. RIE
BRSO, ORI, AT AL A RS T
FEROR, IR ARK 6G IRTIFEMITR R . I,
K 2 DR I 170 BRI A R 51N Tk e 2 A% ks
P2 e, AT DL pR B IR X A% RS AR Tl A 7 o
PMRTFE I 7 USEPUE BAC ., 0B R PR P 45
VR GRER A, W 4 PR,

T
3D b 7 ?"‘?\3 E
. ¥ O ran

= Bl b ‘
=Zw8?

4 T TREP I ) A Ml 2 A IR 3 ) 2%

2.2 HEEXE

TERFK 6G M2, B He il nf AR P AZ iE
By EBRAFIHZREA G S HEIR Y AC I 5
PN 1 O e 2T A VB T e A e O N ]
ARHIRTH T Al RRBITRCR . B S TH
A FIFEYI N R REASE R G . (EZARGH, K
FUFERRFAIT S BIFEE LIRS . FIHE
PR BIAE 55 2 0 T AC IR, T UG IE %
. BEHRDL. B R ST I, Ik
Kl AL RN G2 v, a3k I I i o s S i
HHEAT E W T A R S, RN S8 &
Gt im0 P HIZ e

BSR4

23 EHEERE
HEEFRELUMEENTE, @SB N o

Pl & A NUER S — N, T 2 A B AL s



511

FKIGEH S T 1) T DREAIIBE I ) S [ RO I 15 4k *203

W EARSCIAFThRE, XA Z 4. (8
Mo EFIFEVIBRABRKINFE T, ARREREFE R
Gk SE AR AL SICThRES ™. TR B AR
TAEIERES . AR IO LR RIE B AN G THE e
71, B, TR AU AR B R A AT A E T
WERE SN, T DFEVIBR I e E R4 (1K 6
i) MIFRBEAEZE A M2 NATEE (U Wi-Fi B HD
NFYRET RARE, AR IEE A B E R Al
MRV E R Lo R, FIhFERIAEETHE AT
ARAEWS I VI B Re R m st N, s 8
SEAL, BRI, e

U e o FEEMT
r%m*Q%% EESE
: .’ H“l 3

»F—““q%‘
Bl 6 il TR 0 R R R G

24 EEEAFEHINE

RE T BN A A DM AL, B
0 I 52 A A8 FH 25 BT B8 1 22 b i £ E AT TR 460
e, (EARREMRI . FEANEA . B EATE . K E
fr 4R R R T MY RTRAT I
PRESAEERRS . FeeFER. T A ER
AR, HIX B3 4% 1 Dh R = BLAR AR B . 7
FINFEV BB AR IMEE T, ol & A=
P 77 NAE G 1) 78 H 7 U e 2R b Re 1t 7
X AP REE U . ik, RREINFETRE
M B R DR . Rt T I 2 SRR,
AN AT DARR K b o538 P AR . 2% BRTiR, FI)
FEP IR I B A K B g b S B T e T o RO A
W 7 s

N o
BT T R R T

25 HeETT

BRI T ABE BN E L, 1E 6G M4 BIszI
BESERS NG EITH ., BEIT R A R
B35, KBTS BALK H HH0, LR B A E 4%
Yyst, o LB P AR B2 B P 0L 515 B,
B, LB EEZ S S B R [
JTIRFRERAE . FARSEST ARG S TEEEBA
N2 5775= e sty o R EEk 7/ ) P B E e 3 D e =
PARBEIEAT W o A A 1R 22 FH DB X 8 2% 745 T
KR ROR S L, DAL, T 1 R SRR )
IR RERTT R4 (ANl 8 FTzm ) B R v ik 1)t
AR, IIERIFEV BN H AR =TT 2R Re e 2
PERRAR I ZE 1 BT R A 4 515 B BLIDEIE =, T e il
I REFERD o VBT B 75 2K, AR 2 88 /N1 HL T ARG
e FAR T A .

<5 %%@ﬁ%é‘%%ﬁmﬁ

Wﬂ\r \.,I j <

i

v
L

Qt“\ Q)

Mﬁ%AM

8 ) D FE VI I BRI T R Gt
26 BER

BEARO S AR R IR, Pk

PR & SEFLARNL Bl . B ReAk . ARSI E
LR T B, 0 (3 5 7 8 SORT B50ag Alk AR A 3
5 AT AN AT 2R AR F B2 AR B R £
BRI AL SRR 25 SR SR AR A 7 S IR B Al 3
IR ECRGL . (EWAERKIRILEE, NED
(8 7 23 M A AE AR T 3R A B S . R EUROL
I T S SRR HE AN, T S IR AR Y 7R 2
WK B P SNt T S 3G I E R AR L e
IR UL S VAR . DRI, T 1) R D AR Y
RN RS (K 9 Fran) HAESEERNEE
W . Blan, FIFEYE AL B AR AR T A
WARHEA . RIGHE . ZEESR/RAT 5, X
P A 2 TR B A KRR A 5 T 2k
5 AR T T 5K



i 43 %

((()» - COA*@HA“%%

NS e f‘ - R
C’ il ~‘b\ | %: D —
v l‘i - LI T~

TRk S

? "
g R - A
~w _w P P RPN e
WOEN o remn 9 N Rk R

P9 T D AEAIR I B AR R 5

HERS

B S% B R Je i R AR AATTHT
ERERef. Wi ERIERE, WM. &
. EPESEZ AR, AT H WA TE T
FoR o FEVBMECAR IR T, "rsEBRSs 15 B
RESRH ., BReEHIZE. BFIFEEERS
o (A5 R EII, B R SS T SR S RS R = 4R T
B KR I N T i SRR, XA RS Ak
BEDFET RN . ZUFERMN AR LA IR S
IRBAS | ARE R HE BB R S AR R, TR
KIEARIRSS LA, SN B & W5 BR& 2 A5k
I 1 B e B A B, AR SS T LE AL R
KA. DRI, FINFEMIEC M EA R B B R SAT K
JEI HEROR S5, k] 10 fis.

2.7

3 FTINFEYIBRN R EEGTRE AR

3.1 FINFRYBWIEE A REN

TUFEIIR BRI K2 A0, EAFKIAT
M3 E BA ARFER NG RMBEARES . Ak, &
BT AR AR A 28 ZRAE LA A2 A [R] 37 35 7 455
5 N B EE . AR RS TR T
PR A5 R R S £ B G AR R R 7>
A7 A R AH DL R R R 2, G 11 s .

1) Ak R

Eh A E R R IR RGP A — A
S5 B B BIOR RS B R s
W%, e RERIEE (B, ([FiE5) Rk
DM s PERE AL S, B 11(a) T FE AR RAEH
T, A RIS Y B S PR RETE A AR B T e R A
B, A U B S I U Y R
ZRNE. fERaE . REIUIRESE, KBl eME R
SrpAEH S5 . ZAM I E B T LU

2RER, BERAGT ARG, RRUSIE T
FiECE RN B EE Y, AT 2REERNEE

REA RERT R G E Y 5 E IR . SRR, %
PR RN REAF IS TIR . THERARSS AR 2%

GEURMD B M DA ) A, S A S RN S
' zéﬁﬁmsﬁg"%masm%m -

R ShiAE

M‘ig%“ REZS L

- - S ETW? >
Ny ~ {Eﬁﬁ:%ﬁ“@ é\
S P e ® ‘ ’% %‘ﬂ%
~ S fdm o ST LT ¥ E@j\ @'1
S U I - T P : . iz
i G A WA R & ! .ﬁz @
e REHEE . OB . o 2 G I ((( )»\ V I n P
CREANY '~--; y A (( ))) .......... (( )))
pL I B 5 \ ‘
S a4 BARD g N A; o A
' el s N ) I R
~ - P ~ — i1 P \j% ]\ )‘5‘1 _____________
(@) SR R (b) SRR AR (© SR REH

B 11 TR I A 1 R 2



11

FKIGEH S T 1) T DREAIIBE I ) S [ RO I 15 4k 205 -

EHE B B2 FEUNER K.

2) s Ak R AL

I3 A AR RGEH R IR IR R b, RS
SR R B ) G, B E I 2 At AR SR S
AT A oA E, WE 11(0) s . 244 R 440
HA MRS, 25— B soaE (5
Wr, JRADERIN 2 G it X 2% 46 4 S R AR B
SLIEEER, X2 SR AR BRI BRI,
R =1 8 ST R BRI %g/\r?é§4fiﬁ%ﬁ il
RN AR ey AL A AN TS (2 T N T G B D =P D
H%ﬁEﬂR(WEﬂhm)m@ﬂ,ﬁ%ﬁﬁm
St &RE R, 5 T RS SRR P
PERE. HEAh, 1Ak R AR AN = B T I o,
M ] LA 2350 i DX 2 RIASE

3) ik R4

oy AR R4 *ﬁzeftl_J2$¢ﬁﬁ§§ SR B — Fh
AG IR, B2 AN T 53 1% B 2%
&%4%@%,%4%M%m~4¢®%ﬁﬁﬁ
Erh BG5S M EH], T2 A 5 T AR
nfaE i o A O SEHEE, W 1),
3.2 EVHRBEERRS

EEXTAN R R Y55, T 1R 22 D AR B
1) 5 ] S 388 A T 285 i Jee B0 1 A% i A5 CRT RS &R
GAFERRZE R, W RE IR I (RIS, reconfi-
gurable intelligent surface) #BIiEAE . TEANL (UAV,
unmanned aerial vehicle) {5 . AL H SR A
51N 22 B8 2 i % D) FE I8 15 W 2% A5 Hi & G 1 42
FHRZGiERE . DRI, AT 3 IE B s ) U E
FRA. RIAHEMEEE RS, RIS HHBIE R
BURIEAS RSG5 UAV HiB) 0 R A BN EAE R G A
R A BURHEAE RS S A7 AT R o

1) 82 f m] i I AE R4t

T8 B e 1n] U AE R G PR S m) R E
& RGOS I A B S R4, Wil 12 frs.
HAACRE, MR A BEE £ 4 (K 12(a)),
FUFEARSE CHPTCIR 2% ) FH o] [ 2R 55 S Ao
HALE 5. Wi-Fi (5%5) MG S, SSHlok
A 5 WSO 11 [ ) 445 2 DS ) 50 1) O A ik 25
RN, WS E ERERG . X A HL
ShEfE R2gct (B 12(b) 1, FBINFEARZE R H &
TE BRI PR 28008 R S 2% BT 77 AR 1 2 R0 6 R U 1E
T, K% SE EMEEIEEE S, RS
&R, SR RS .

2) RIAHURYMEEE RS

S 1A U B S FR G i 7 8 i A1 2 i 2
()R R I FE R 461 £, DU 45 0N 22V 11
FOMA, T S P B s (B, BRI S
B, REEEaE. BIKMKRREEP, i
RATHEEAGT = RBUNKER RS (W 13
). RINFEM ST SIBEEM ARG REED)
FErh 4kl (5 AL R G UL e Z Rk F D FE T 4k s (5 A%
MRS HENEWNT.

e GRS o MRS — RS R
«B))

’," B ‘.“ /ﬂé?&ﬂzﬁ%\
i o
S m < )
15 B3ZEBL R 15 B3 IR
(a) FABE R A B HEAE R4 (b) Xk [ A BLSHEBAS RS

P12 A A I B S R 4
_ BINFE — BFEMEY
i’ﬂ]ﬁ((ﬂ)» A(A(A M;‘éz ............. > 5 HEE
ZESE h . \ - - - EEGRES
v & i - e
\ ﬁl; 'ii 1 “°:=:‘-" """"""" e fﬁﬁ’ﬁ‘ﬁﬂﬁ%

@ BRI 1vﬁ
e 2 /
R 1 «»
e, RN
%’ ~ 6 FeTR b
\ '.A \\ ..........
N ﬁiﬁmzﬁ&i S f_é )

() ZYFHRA PR EM R (0) ZHRBRHP IR LM AL
13 RIAHGTPEEE £ 5

© FIFEM G abEEER RS (B 13(). 1E
ZRGH, FIFE M USCEE A if R S
SRR, BRI s R S T IS A
B, SRE VL ES LR Rk R . RS
EATENHPEGEETT A, WRERET R

@ FYFERATIEFEER RS (B 130b). £
ZRGH, TR AU O R A U gk
0 (BRI B R AU R 4k 5
(AR EAMERE ) DLRBAD P S O
WA . fEZRGEH, RIEE A4y
B R A E S SR A EAE DL IR A
fE R AT H s 1 % k5 kAL din . 5B 13(a)#
b, fEiZRGH, W4k AIE S T ORE T A%



© 206

5

palll3

R 43 %

R BT R IR A R .

® ZHERINFEPREEEmARS (K 13(c).
RS, TP RS UG B2 ]
FRORE Bt , T i3 3 A 495 T Al A Wk ) A s B
G EAE, R EZ A gk s AT R
% 2 40T LA R ok 24 s P B8 4050 T G 10k L 538
()=

3) RIS GBI e Im] HCH 845 R4t

RIS 4 B I ) BUHHE(E R (&l 14 B
FIFRAS . ICTHHER RIS S50 Z ThFE S A B
BEMNSPRIBERE ] (55968 ) UL e 4
At 1. BARKiE, RIS &2 6G (BRI AL —,
B b L T G R R T 1 N T PR R R T 4
¥, K EARE QW I R e HEF R T8I 25
FLR BT TR o AR R ndE dME S, AT LAshA
2 1] 16 AL P T PR ) FEURARE M, AT DA T SR AR )
O 2 (A LR g EAT B R BRI, TR RIS . AH
s WA R S S5 a2 B
&, RIS AT DM E2C R ST BRas ), A AR
R GUE T R I 56 0 BRI R, T DASEEL
e TTEM ML, LT, RIS HBh
140 S 1) FEC ST 30815 K A AR T 22 T RE A B I P B S
Re15 R2gitkne, HMHWNEZSWE 14 P
BAANEWT,

SRR
- EE B RATRE S
— WRRAME S
- > RISRINHIGHIIE &
il o %ISDELEH‘ VR 2 16 A
ERe

~~J RIS
o P
(o) Z2BlEHR
14 RIS fHBhI R MEUR 1S R4

© gebEiEfFE S (B 14(a). EiZFT,
RIS RJ DA SR S [ O 19 i 5 40 Rl Lz T 22
SRR (IR BEHISE) P eIk s Bl
EREE, T RIS B —FMEMAS . (RIIFER 45
P, BRI AN 2 ORI N S5 2 DAY ) B 1ea B i
GRS REEAE S MR BRAS, DLBVIN AR

THE R G PEfE

OfFE TRy S (K 14(0b). EiZmFET, F
FH A5 ) LR I RE #7, RIS AT DA wR TG £ At o %%
HAE AR /1590 A A, a0 M2M/D2D JE{E, M
T2 1 15 5 A T 23 R ) 4% B 1 o

@@4ifEs (K 14c). EEGEEIHFER
U IEAE RGBT R SURIIFE ., (Rd %
AR A, 255 2 BN T I 2R 50T T W 4 1
S, I S BN S AFAE(E B2 AR BT,
THI [71) 22 A% 38 15 1 RIS S B 1) B (S RG] LA
i EaR . Fdn, RIS AJ LLER X 55 s 4
RIETFIAE T BRI UE 5 i, sE R
BB RS TR

4) UAV 4 Bh i) = [e) BURHE(E R4t

B X0 R DA I rp AR 7 s VA A PR . R
[ B 1 R B A 22 L 5% 00 32 30T 338 5 T ) 1)
B, ¥ UAV 5 R B (G 456 T LA BUR oo
T2, fE UAV B i 5 ) BIUR 8 15 R 4E
FEAL 3 R AGEE RS (WK 15 Fin): UAV
AL BE S 17 BURHEAS R 48 UAV 4 B R85 I
6] BRI AE RS DL S, UAV H B 483843 f ) U
WER%. RANEWT.

— GHfE S

o B / VAV N
— *;%rqgfgjﬁﬁ— 25\ AN & ° Lotafet
- ERES o EXRA \‘\ \ !‘7:'\‘\"!/
“\\ \\ Bip= >
Hevl (a) UAVA B ikAE
. - L . N ) - ‘/\
l,h"l' :_?_ . " rw""\ /@X)
NBCIRR  ) Fra g A
<~ U s AV iR T SR
(b) UAVH] B % R4 (c) UAVH B H 4%

15 UAV Sl B S A U8 S £ 4

@© UAV % Bh it 58 1) e 1\) B E S &R S
(K 15(a)). fEZARGH, UAV @ BEES0E S
VRABE £ b T VR S S 9 AU L, R DL )
(1077 G B AR AR R N DG . PRI, i R Ge AT
FA T M TR A DR AR S 045 R T S AR 7
PR DA e 75 BRI LR AR S I D BR N 3 S o

@ UAV il Bh 2040 % 42 10 B v U 815 R 4t
(H 15(b)). fEIZARGH, UAV RLEE B S5
fER, FIFEVIEIN T SR JC AL T B 5 4



11

FKIGEH S T 1) T DREAIIBE I ) S [ RO I 15 4k 207 -

PR HBIHAE 5, &R EEE T AL FEit,
T NHURT LA K 57 s DIFEA I T s BIAH G
BE, ML & SHEEES M .

@ UAV %l Bl b gk s {5 1 R ) U B (E R 4%
(B 15(c). fEZ RS, TEANUE I# s 4kl
T INREYD I 1T s 45 B P gk 22 3 kb 28 B UL
A5 R BRSO B R, K B B B A S 1)
B L 2 UAV, UAV K50 4k 25 55 — Ll
B A 2 . BRI, FEN SV 5
WCHLAH BE B i 25 3 Se v, UAV ] DULVE A A 4k 15
RN, T T e AR R BE R B . B
BERE.

5) AEIR A U IEAE R4

I P K DX 8 B A TR AR R (R 0, T
ZEATTEAN BT IS H g, DR, el 7E A BR 1 4
TE R R BRI RAHF B AE A BRI
W] . WS R O IS R SRS U % )
et 2 S WE 16 Fios.

e EERES e SRS e RAHES
E v ) [ ] x4
RIEHL A_ Y .
(PTx) PR ;;g%ﬂ
V7

- ”
kAL RRG
has @ AAAAAAAAAAAAAAAA 6 5
(STx) (SRx)

@) INAZIFEEE RS
PTx PRx PTx
-0 @ ,
() O O AAAAAA »O STXQ AAAAA %SRX

STx SRx STx SRx

(b1) 2R (b2) Tk
PTx@:-»  PRx PTx PRx PTx PRx
..,y;{ ., .

STx\_ SRx /_\\ '
g/k) \JQD<3%D ...... ......
STx SRx STx SRx
(b3) #HFR (b4) BAEK
(b) S F R

B 16 AEIR AT S RSk

WHIR F U EE R E AR S RASGA
J CAnE 16(a) i), RG240 SR A #
HAT B M AR, Bl Wi-Fi B, 165
HAEAB . IR ARGUIRH 2 A BT R S
R SCL R,  HAB R M A S IABARILE L&
GBI B, FEAN T ZEITRORT BB (U= oK
KHRZED, AT LM AS AR 45 4 77 A ok 24 i

P B AR 1 L P 16(b) Pt T 4 Al
WA AT TRAPEILE,
AT A RIS, RIE f
I TR AR S S K S ) BRSS9 s Dy 6 4 )
UG, AR AL R G0 .

LR ERIR, AR B 28 A 4 2 B A R A%
eSS PP VAT VAR B R DB SN S N NS 3]
FEVIRI ML, R A 2R G0 P B AR S A (R
RAERETE SCRA BEHIRS R ELAME R AH I AR R
Ky, AT EASE B DO AR IR U £ 00 28 A% A A 1 2R
BE— DI RGN R o R RGNS R R
BERG A, KUK IRIIFE. IR AE it
WA, BEMHEARK 6G Mg “ PRI, Gtz
£ FK.

4 TEE 6G FINFEMIXM A R RIS IEIE X
BRI

6G LANSEFTSROGIRAS [ BB IS it b i o0 )
ST 1A EBEATPRR B RS EOR, 5
BUCe7E aa AR g1, SROEEYEE . MEAIRSS
WA EEN . BRI, RI0FE. E R RO
P FH 2R 13845 755K o 9 T TFEMIRIAE 6G
FN A RBSER, & ERIEEA 6G F U
L/ ISACTC IR EPS X 5% N N LYW N
2 RN DXCUEE 3 DMEREER I RBEROR 53T
R R ) R A W 17

ok D spmene | ) msssisses
; | | W RS, ik
| e | e | || SRARSERR,
; | SN S0
HETTe I=@@§ﬁh |V ) i s e
; | | FRUTF S A

; ‘ Ll pemmmmm g
POk pm RER S A
i = l

B 17 SRR S P 26 R

4.1 KFFZERAR

KREEAE N 6G iR RN, 2k
ARR P BB I AL v A IS R %
BRSO I N B A 5 A YT SR R,
T I FEYIE W ST A B 1) RS R L AR R
SR IR 2% . EAR AT AR TC R AL AR AT LA
figt R A 2 A U 5 A B P AR B L



© 208 - b

=

palll3

R 43 %

(EAZ BB I 0 T % Th AR P I8¢ 75 A FR 0 3 Je
I SR K DIAR R 1 5 82 2% 45 5 A B A ) e
i HIC IR AR T A IR M 2R Gt b it AT AT (i
O I A BRI I SE) . Bk, YR E
Toft AN 8 00 S T RO WO R LT 4, HL RE B 3t 5E 2 00
W TR B HR o T A 24 TR B % T8 Y
Firl, ADREN T RN RS H, HE
SCHL IR H bR B, R 24 55 0 T L4
I DO AR B S 47 o 52 3k BE 2 [ A0 B R S R o 1Y
HE B2 B, AT B2 T 5 16 3O 19 s 45 WAL F) e o
JEE I 4 I B 2 (R A B
42 BREAERRKR

LA Z Dy eI IR P 5 4t 1) 3 A5 FIER RN 2 AH L
WAL AETATH . BRI R0 S R O A5
REISEBL IO B A M, AR BT s AR N
RSB RS A RE 7T, A5 5IRAR
BOH BT — R et fETDIFEI I R SR
5575 R EIAG B 55 B SR . =0T R T
AT, TR %R 5 R8RS — A
RAFINEEE SETIREWIMN RGBT Z
H1, 2 REAEANEIN IR 2 25 Koy B2 0 VM R A B0 AR AS (1 17
BUR 5 ) PR R 4 05 R 36 135 184 i SR e 1) T BOK
RTT ARG EARERE . BRI, T DRI R
e FSC S5 30 SR Rl 5 AR AT DA 28 T I A A B ot
PR IR 2 SRR AE A5 ) e o, AR RAIR
Die ARAA. Sipfai . RIEAESINA, Th
Rt “XUBR” U v L o
4.3 [XBREEHEA

T, FIFEVIECN RGN 2 A it
K NIER R 2 AR 5 4 G E SRR SE L,
W& W28 Mrily o RORURETY R N DL B Ol 22k 3t (1 77
£, fHETRIFEMRKM R g 2 et G it —2
MaE . Ak, X Pt R AR5 T e
S & RefA Rk BRI . flan, —Jrim, 48
S R ERE I R S b, AT DA X B
BORAR G s NI 0 S ey, Sl A s — A 2k
TR AR R XHBE, RS B2k B Y
RHAER, KRB RS L0 % oW 5 ml sy 35
WML, MGk R G 2 etk 5—J7m, &
O R BRI IE T2 AR AR BT R0 F
ARGRITEERE ST, BRI, AT BUAE SO R RN
X PR EERACK AR TH S EAT (R R 224t st
XA AL S S B A S 1) BOREAS R 4 121D

25 I 55 A AL BEUE I T XU BE KN 2 i, W] USRI
ARG atk. gR LA, BT XHEER T IRk
P 5 [ 1555 B A5 2R G M P IX B 25 v LA FRD T
TIERL T SO R PHR I R S S5 5%, AT
RTHE BBl i 2 a1k

5 FINFEMEMERARBE SRFEMZ T

LR LRI, T 1) % AR IR ) B 1] U AR
BRRGR| THREA R, BRI Z RGPk
T e A1 AR DR B 1) B A (e 1k e 5 11K
AR AR RO BB ok e R
RN SIS IIET 3 AL L0 T 17 D ek M
) S5 150 BT 38 A5 BT A7 AE B E AR B 5 AR OR BT 7205
A AT PRV -

51 SMEESRINFENERIREBCANIZIT

A TH] [ = D FEAIBR I 14 S 8 ST I A5 R Gt
BIMRIIFERIZ ARG — D RBERHE, (BAERREL
KK ST, R SRR GER L F 25
P RV, MBS A SR s, SR, fET
LIEE ARG, mA VR R R A
DA R, BARKI RSP0 S TR W wT B
THARWTOREHL, Bk, RIIFES mitk e 8 AL
WTAEARRBIA K BAT N ZL . T A Bl
B BRSO, RIIFESR G &5 IRDIFERAL B
WA, BT Z T 17 R FRBRA BB
52 JRLBEBWEME

£ 6G ZTINFEMNIBC 37 5t CUn B kT«
E-VISTE DI E-SHE DN ALk ARy
Pl RESE A, R, HETHESA. H
TR TC AT AR A HL B s T A5 O AN RE SCH B v A E
BRI, A G B S S S B T A
PEREAN L R B, AT 3 B0 A% v 7
T AR

NFFPEZIIRR, A A RESARAL RIS SR 2 A
JT AT IR ST FERIERAUAL T, 27K AT A
AR ] FA) B e IO AR 8 Tk e R R
FEANEL, R RT DASE Bl A (A A 1A A 3 B
SIS RS R ) G SR, TR PR v
R RE RS . RS PRI AR B SRS T, ROR
SR REAL A 0, REMEARAE T a3 5t I B
NE Sty =pryva: R E 3k SN N ot et I Vg Tk
wVEH, T RENS 45 Al 55 75 5K B £ B0E AR R T
PEIRZ . LEAh, RSP EE Iy, il 2N



11

FKIGEH S T 1) T DREAIIBE I ) S [ RO I 15 4k 209 -

Rt S BAUL, AT RUA BRI
wi VO B B UL BT R B S A 5 9
T 5 v % DA IR M e B AR R
53 BEEANSILIAL

b HEAER AR+, F RIS
SRS, YIRS SR N E AR 2 S H G
K, AEIDFEYIER PR G A KRR, 215%
52 FH B R B e B8 A5 (7 ) A o e s i B
NSEEARET R G H 2t . 6G AL HAR R H
BUE R OP A B et el vE I Rk e 4y K
BN R 2 AT IR ABCORE AL 5, H
IS CE B A R % RS T WA F2 /LS
I HAR BERR GG RN T 30 (AR IEAZ Z IR
SRCTE T RN DL KRBT R
MHEATR, PR & 1T m B M B T30,
PRAE LK L

6 ZERIB

T 7] 2% Zh FE IR I 1) 5 1 B5CT B A ol AT
RIIFE AR . ToLk e SR 5 B A A5 om
WG AT — RN I R 2 — o ARSI
TN A HUR B E R 5 BT IR, X i)
BB EBORRAE X BERE MRS
KFEDUIRBEAT 1 25 58S, 2 NE DRl
AL R AR g%, BRECIE .. B E . B RET F Rk
B BREERST . AR, BERS T A7
LA R 3 BN S AT T R A . fELEE
fifi b, 3RH T RS AL EG3 FEDRE
YRR i 22 280, Sl M 2% . P 4% RIS
HHENMIZE . TE AN ZS . RIS 5 Fhipd 25 4%
ARG, I ML R g it S AR IR B AT
TorRES . Ra, X 6G FIFEMIER S n] HUH
ARG AL . R SE AR SR RO
BATHIR. Hoa, MWBCRPLBET. REEICERAER .
e EAR NS BT 3 A A BEX I [ 2 D FEM I [
[e] FSCAS A R RORWE AT 5 [ BEAT T R, A
a7 A oK

B3k -

[1] AL-FUQAHA A, GUIZANI M, MOHAMMADI M, et al. Internet of
things: a survey on enabling technologies, protocols, and applica-
tions[J]. IEEE Communications Surveys & Tutorials, 2015, 17(4):
2347-2376.

21 57, 48l B, 55 6G BENBEHARRED]. EfEYR, 2019,

40(1): 141-148.

ZHANG P, NIU K, TIAN H, et al. Technology prospect of 6G mobile
communications[J]. Journal on Communications, 2019, 40(1):
141-148.

[3] P, XU, 25, 55 WA BES . 90 S5 BRI SRR ).
LR R 24K, 2010, 33(3): 1-9.

SUN Q B, LIU J, LIS, et al. Internet of things: summarize on concepts,
architecture and key technology problem[J]. Journal of Beijing Uni-
versity of Posts and Telecommunications, 2010, 33(3): 1-9.

[4] LINJ, YU W, ZHANG N, et al. A survey on Internet of things: archi-
tecture, enabling technologies, security and privacy, and applica-
tions[J]. IEEE Internet of Things Journal, 2017, 4(5): 1125-1142.

[5] XUYJ,LIGQ, YANGY, et al. Robust resource allocation and power
splitting in SWIPT enabled heterogeneous networks: a robust minimax
approach[J]. IEEE Internet of Things Journal, 2019, 6(6):
10799-10811.

[6] #RBEZE, A, BRabw, 5. JET AR R I T Lt B s m

X 268 B2 Ay BL S0 (0], 3845 544k, 2020, 41(10): 202-210.
XU Y J, GU B W, CHEN Q B, et al. Energy efficiency maximization
resource allocation algorithm in wireless-powered backscatter com-
munication network[J]. Journal on Communications, 2020, 41(10):
202-210.

[7] OPPO Wi%tki. ZIFEE(E A K 5[R]. 2022.

Oppo Research Institute. White paper on zero power communica-
tion[R]. 2022.

[8] IMT-2030 (6G) #Eit4l. 6G Ak JER 5L BE A 5 K BIR].
2021.

IMT-2030 (6G) Promotion Group. 6G overall vision and potential key
technology white paper[R]. 2021.

91 KREBIDEFERGEHRAF. £HES HRAH—e—GC K5

BB E EAR]. 2020.

DTmobile. Global coverage, scene smart connection 6G vision

and technology trend white paper[R]. 2020.

[10] v Ik & P20 15 IR m B Fele. h kS 6G H EZF5[R]. 2021.
China Unicom Research Institute. China Unicom 6G white paper[R].
2021.

[11] HEFzEEH R SRR 2030+ 55 75 3K A B [R]. 2020.
China Mobile Research Institute. 2030+vision and needs white pa-
per[R]. 2020.

[12] XU Y J, XIE H, LIANG C C, et al. Robust secure energy-efficiency
optimization in SWIPT-aided heterogeneous networks with a nonlinear
energy-harvesting model[J]. IEEE Internet of Things Journal, 2021,
8(19): 14908-14919.

[13] #RBZE, WA, FE, & FAERERE ML SR TR SA].
JEAE 2R, 2019, 40(7): 186-196.

XUYJ,HUY, LI G Q, et al. Robust resource allocation algorithm for
heterogeneous wireless network with SWIPT[J]. Journal on Commu-
nications, 2019, 40(7): 186-196.

[14] XU Y J, GUI G, GACANIN H, et al. A survey on resource allocation
for 5G heterogeneous networks: current research, future trends, and
challenges[J]. IEEE Communications Surveys & Tutorials, 2021,
23(2): 668-695.

[15] HU J, WANG Q, YANG K. Energy self-sustainability in full-spectrum



° 210~

5

palll3

¥ ik

43 %

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

(27]

(28]

6G[J]. IEEE Wireless Communications, 2021, 28(1): 104-111.

LIU C, WEI Z Q, NG D W K, et al. Deep transfer learning for signal
detection in ambient backscatter communications[J]. IEEE Transac-
tions on Wireless Communications, 2021, 20(3): 1624-1638.
NGUYEN P X, TRAN D H, ONIRETI O, et al. Backscatter-assisted
data offloading in OFDMA-based wireless-powered mobile edge
computing for IoT networks[J]. IEEE Internet of Things Journal, 2021,
8(11): 9233-9243.

GU X Q, GRAUWIN L, DOUSSET D, et al. Dynamic ambient RF
energy density measurements of montreal for battery-free IoT sensor
network planning[J]. IEEE Internet of Things Journal, 2021, 8(17):
13209-13221.

MA W'Y, WANG W, JIANG T. Joint energy harvest and information
transfer for energy beamforming in backscatter multiuser networks[J].
IEEE Transactions on Communications, 2021, 69(2): 1317-1328.
TANG X Q, XIE G H, CUI Y Q. Self-sustainable long-range back-
scattering communication using RF energy harvesting[J]. IEEE Inter-
net of Things Journal, 2021, 8(17): 13737-13749.

DU R, OHLSON TIMOUDAS T, FISCHIONE C. Comparing back-
scatter communication and energy harvesting in massive IoT net-
works[J]. IEEE Transactions on Wireless Communications, 2022,
21(1): 429-443.

EAL, RRE, X055, & R B BERR 5B, PR
2£4), 2017, 1(1): 67-75.

WANG G P, XIONG K, LIU M, et al. Backscatter communication
technology and Internet of things[J]. Chinese Journal on Internet of
Things, 2017, 1(1): 67-75.

VRZE, BWZE, SKREARH. TR CIR IR N A5 S RSO AR ]
PIEIM 544K, 2019, 3(2): 28-34.

TAO Q, ZHONG C J, ZHANG Z Y. Ambient backscatter communica-
tions technology for batteryless IoT[J]. Chinese Journal on Internet of
Things, 2019, 3(2): 28-34.

TR, EAN, BIER, 5. S m EEEE AR 5 ARk
H[J]. FEhEME, 2021, 45(4): 29-36.

CUI Z Q, WANG G P, WEI X S, et al. Future applications and tech-
nical challenges of backscatter communications[J]. Mobile Communi-
cations, 2021, 45(4): 29-36.

VAN HUYNH N, HOANG D T, LU X, et al. Ambient backscatter
communications: a contemporary survey[J]. IEEE Communications
Surveys & Tutorials, 2018, 20(4): 2889-2922.

XU C R, YANG L, ZHANG P Y. Practical backscatter communication
systems for battery-free Internet of things: a tutorial and survey of recent
research[J]. IEEE Signal Processing Magazine, 2018, 35(5): 16-27.
BRIV BT Wi-Fi (55 RFEUNERS RS R AT 5L [D].
Pz PR, 2020.

QIAN Y J. Research on high concurrency and low power backscatter
communication system based on Wi-Fi signal[D]. Xi’an: Northwest
University, 2020.

BOYER C, ROY S. Backscatter communication and RFID: coding,
energy, and MIMO analysis[J]. IEEE Transactions on Communica-

tions, 2014, 62(3): 770-785.

[29]

[30

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

XU Y J, GU B W, LI D, et al. Resource allocation for secure
SWIPT-enabled D2D communications with o fairness[J]. IEEE Trans-
actions on Vehicular Technology, 2022, 71(1): 1101-1106.

HUBE. TCALBHERA LoRa [ [ BUATIEfE R G BCIH[D]. B W77t
R, 2021,

LIU L. Design of processor-free LoRa backscatter communication
system[D]. Chengdu: University of Electronic Science and Technology
of China, 2021.

NGUYEN D C, DING M, PATHIRANA P N, et al. 6G Internet of
things: a comprehensive survey[J]. IEEE Internet of Things Journal,
2022, 9(1): 359-383.

JIB F, WANG Y N, SONG K, et al. A survey of computational intelli-
gence for 6G: key technologies, applications and trends[J]. IEEE
Transactions on Industrial Informatics, 2021, 17(10): 7145-7154.
VERMA S, KAUR S, KHAN M A, et al. Toward green communica-
tion in 6G-enabled massive Internet of things[J]. IEEE Internet of
Things Journal, 2021, 8(7): 5408-5415.

MARAQA O, RAJASEKARAN A S, AL-AHMADI S, et al. A survey
of rate-optimal power domain NOMA with enabling technologies of
future wireless networks[J]. IEEE Communications Surveys & Tuto-
rials, 2020, 22(4): 2192-2235.

MA D, LAN G H, HASSAN M, et al. Sensing, computing, and com-
munications for energy harvesting IoTs: a survey[J]. IEEE Communi-
cations Surveys & Tutorials, 2020, 22(2): 1222-1250.

LUO Z Q, ZHANG Q, WANG W, et al. Single-antenna de-
vice-to-device localization in smart environments with backscatter[J].
IEEE Internet of Things Journal, 2022, 9(12): 10121-10129.

LI L H, HUANG X X. Promoting energy efficiency and proportional
fairness in densely deployed backscatter-aided networks[J]. IEEE In-
ternet of Things Journal, 2021, 8(13): 10518-10530.

SISINNI E, SAIFULLAH A, HAN S, et al. Industrial Internet of
things: challenges, opportunities, and directions[J]. IEEE Transactions
on Industrial Informatics, 2018, 14(11): 4724-4734.

XU Y J, XIE H, LI D, et al. Energy-efficient beamforming for hetero-
geneous industrial IoT networks with phase and distortion noises[J].
IEEE Transactions on Industrial Informatics, 2022, 18(11): 7423-7434.
MEHMOOD Y, AHMAD F, YAQOOB 1, et al. Internet-of-things-
based smart cities: recent advances and challenges[J]. IEEE Commu-
nications Magazine, 2017, 55(9): 16-24.

JI B F, CHEN Z Z, MUMTAZ S, et al. SWIPT enabled intelligent
transportation systems with advanced sensing fusion[J]. IEEE Sensors
Journal, 2021, 21(14): 15643-15650.

CHEN E H, WU P R, WU Y C, et al. UGV-assisted wireless powered
backscatter communications for large-scale IoT networks[J]. IEEE
Transactions on Wireless Communications, 2022, 21(5): 3147-3161.
WOZNIAK M, ZIELONKA A, SIKORA A, et al. 6G-enabled IoT
home environment control using fuzzy rules[J]. IEEE Internet of
Things Journal, 2021, 8(7): 5442-5452.

XIAO N, YANG P L, YAN Y B, et al. Motion-fi: recognizing and
counting repetitive motions with passive wireless backscattering[C]//

IEEE INFOCOM 2018 - IEEE Conference on Computer Communica-



11

FKIGEH S T 1) T DREAIIBE I ) S [ RO I 15 4k

°211-

[45]

[46]

[47]

(48]

[49]

[50]

(51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

tions. Piscataway: IEEE Press, 2018: 2024-2032.

BIANCHI V, BASSOLI M, LOMBARDO G, et al. IoT wearable
sensor and deep learning: an integrated approach for personalized hu-
man activity recognition in a smart home environment[J]. IEEE Inter-
net of Things Journal, 2019, 6(5): 8553-8562.

YANG J F, ZOU H, JIANG H, et al. Device-free occupant activity
sensing using WiFi-enabled IoT devices for smart homes[J]. IEEE In-
ternet of Things Journal, 2018, 5(5): 3991-4002.

LEAL-JUNIOR A G, RIBEIRO D, AVELLAR L M, et al. Wearable
and fully-portable smart garment for mechanical perturbation detection
with nanoparticles optical fibers[J]. IEEE Sensors Journal, 2021, 21(3):
2995-3003.

ZHANG H B, L1 J P, WEN B, et al. Connecting intelligent things in
smart hospitals using NB-IoT[J]. IEEE Internet of Things Journal,
2018, 5(3): 1550-1560.

ABDEL-BASSET M, MANOGARAN G, GAMAL A, et al. A novel
intelligent medical decision support model based on soft computing
and IoT[J]. IEEE Internet of Things Journal, 2020, 7(5): 4160-4170.
WANG Q Q, GUAN Q S, CHENG J L, et al. Ultrasonic backscatter
communication for implantable medical devices[J]. IEEE Transactions
on Molecular, Biological and Multi-Scale Communications, 2022:
doi.org/10.1109/TMBMC. 2022. 3182572

AHMED N, DE D, HUSSAIN 1. Internet of things (IoT) for smart
precision agriculture and farming in rural areas[J]. IEEE Internet of
Things Journal, 2018, 5(6): 4890-4899.

FEI J, CHIN K W, YANG C L, et al. Data collection in multihop mo-
bile sink-aided backscatter IoT networks[J]. IEEE Internet of Things
Journal, 2022, 9(14): 12001-12013.

B, WisT, WA, & e O RS 2 B LSRR ]
PIEER 243, 2021, 5(3): 56-69.

XUYJ, YANGHK, YEY H, et al. A survey on resource allocation in
backscatter communication networks[J]. Chinese Journal on Internet
of Things, 2021, 5(3): 56-69.

HHMRE, RS, pTOGER. BN B IO 2R e 1 2% e
FURERCA YR L], 3845 4R, 2020, 41(7): 84-94.

YE Y H, SHIL Q, LU G Y. User-centric energy efficiency fairness in
backscatter-assisted wireless powered communication network[J].
Journal on Communications, 2020, 41(7): 84-94.

LU X, NIYATO D, JIANG H, et al. Ambient backscatter assisted
wireless powered communications[J]. IEEE Wireless Communications,
2018, 25(2): 170-177.

WHBZE, B, WE, % AR ThkE B sidgiH &
GIREFEMRALTIIEL]. BT 515 B 2R, 2021, 43(12): 3621-3628.

XU Y J, GU B W, XIE H, et al. Energy consumption optimization al-
gorithm for full-duplex relay-assisted mobile edge computing sys-
tems[J]. Journal of Electronics & Information Technology, 2021,
43(12): 3621-3628.

LYU B, YANG Z, GUO H Y, et al. Relay cooperation enhanced back-
scatter communication for Internet-of-things[J]. IEEE Internet of
Things Journal, 2019, 6(2): 2860-2871.

GAO X Z, NIYATO D, YANG K, et al. Cooperative scheme for back-

[59]

[60]

[61

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

scatter-aided passive relay communications in wireless-powered D2D
networks[J]. IEEE Internet of Things Journal, 2022, 9(1): 152-164.
LONG Y S, HUANG G F, ZHENG H, et al. Cooperative multirelay
network design with hybrid backscatter and wireless-powered relay-
ing[J]. IEEE Internet of Things Journal, 2022, 9(19): 18445-18460.
XU J, LI J C, GONG S M, et al. Passive relaying game for wireless
powered Internet of things in backscatter-aided hybrid radio net-
works[J]. IEEE Internet of Things Journal, 2019, 6(5): 8933-8944.
IMT-2030(6G)HEREL. 2 REE R T HAB 7R 5 [R]. 2021.
IMT-2030(6G) Promotion Group. Research report on reconfigurable
intelligent surface technology[R]. 2021.
WRBE, WL, EUAT, A BT A8 RN T B A T L il
BRI BB RN BT 5E R, 2022, 4407):
2317-2324.
XU Y J, GAO Z N, WANG Q Z, et al. Robust energy efficiency max-
imization algorithm for intelligent reflecting surface-aided wireless
powered-communication networks[J]. Journal of Electronics & In-
formation Technology, 2022, 44(7): 2317-2324.
LI S Y, BARIAH L, MUHAIDAT S, et al. Outage analysis of NO-
MA-enabled backscatter communications with intelligent reflecting
surfaces[J]. IEEE Internet of Things 2022, 9(16):

15390-15400.
XU Y J, GAO Z N, WANG Z Q, et al. RIS-enhanced WPCNs: joint

Journal,

radio resource allocation and passive beamforming optimization[J].
IEEE Transactions on Vehicular Technology, 2021, 70(8): 7980-7991.
HU J J, LIANG Y C, PEI Y Y. Reconfigurable intelligent surface
enhanced multi-user miso symbiotic radio system[J]. IEEE Transac-
tions on Communications, 2021, 69(4): 2359-2371.

XU Y J, XIE H, WU Q Q, et al. Robust max-min energy efficiency for
RIS-aided HetNets with distortion noises[J]. IEEE Transactions on
Communications, 2022, 70(2): 1457-1471.

WU Q Q, ZHANG R. Towards smart and reconfigurable environment:
intelligent reflecting surface aided wireless network[J]. IEEE Commu-
nications Magazine, 2020, 58(1): 106-112.

A, R, Ak, S5 BN RIS-MISO REE&#
VR R SIED]. T 515 B AR, 2022, 44(7): 2253-2263.

XU Y J, XU R, ZHOU J H, et al. Robust resource allocation algorithm
for RIS-assisted MISO systems with eavesdroppers[J]. Journal of
Electronics & Information Technology, 2022, 44(7): 2253-2263.
ZENG Y, ZHANG R, LIM T J. Wireless communications with un-
manned aerial vehicles: opportunities and challenges[J]. IEEE Com-
munications Magazine, 2016, 54(5): 36-42.

XU Y J, LIU Z J, HUANG C W, et al. Robust resource allocation
algorithm for energy-harvesting-based D2D communication underlay-
ing UAV-assisted networks[J]. IEEE Internet of Things Journal, 2021,
8(23): 17161-17171.

YANG HH, YE Y H, CHU X L, et al. Energy efficiency maximization
for UAV-enabled hybrid backscatter-harvest-then-transmit communi-
cations[J]. IEEE Transactions on Wireless Communications, 2022,
21(5): 2876-2891.

YANG G, DAI R, LIANG Y C. Energy-efficient UAV backscatter



«212 s

¥ ik

43 %

(73]

[74]

[75]

[76]

(771

(78]

[79]

(80]

communication with joint trajectory design and resource optimiza-
tion[J]. IEEE Transactions on Wireless Communications, 2021, 20(2):
926-941.

IR, TN AN T LR B 2% 3 25 BHE 4 BT i) BT AU (D). KAF
K, 2015,

XU Y J. Research on dynamic resource allocation for underlay cogni-
tive radio networks[D]. Changchun: Jilin University, 2015.

IR E, RADERE. AHITCLR L R G R B IR OS], AR
%, 2014, 35(4): 124-129, 140.

XU Y J, ZHAO X H. Robust resource allocation algorithm for cogni-
tive radio system[J]. Journal on Communications, 2014, 35(4):
124-129, 140.

XU Y J, ZHAO X H, LIANG Y C. Robust power control and beam-
forming in cognitive radio networks: a survey[J]. IEEE Communica-
tions Surveys & Tutorials, 2015, 17(4): 1834-1857.

HAYKIN S. Cognitive radio: brain-empowered wireless communica-
tions[J]. IEEE Journal on Selected Areas in Communications, 2005,
23(2): 201-220.

XU Y J,HU R Q, LI G Q. Robust energy-efficient maximization for
cognitive NOMA networks under channel uncertainties[J]. IEEE In-
ternet of Things Journal, 2020, 7(9): 8318-8330.

AL-BADARNEH Y H, ELZANATY A, ALOUINI M S. On the per-
formance of spectrum-sharing backscatter communication systems[J].
IEEE Internet of Things Journal, 2022, 9(3): 1951-1961.

SIEGEL P H. Terahertz technology[J]. IEEE Transactions on Micro-
wave Theory and Techniques, 2002, 50(3): 910-928.

ADIBELLI S, JUYAL P, PRVULOVIC M, et al. THz bistatic back-
scatter side-channel sensing at a distance[J]. IEEE Transactions on

Antennas and Propagation, 2022, 70(2): 1440-1450.

(81]

[82]

[83]

[84]

STURM C, WIESBECK W. Waveform design and signal processing
aspects for fusion of wireless communications and radar sensing[J].
Proceedings of the IEEE, 2011, 99(7): 1236-1259.

QI Q, CHEN X M, ZHONG C J, et al. Integrated sensing, computation
and communication in B5G cellular Internet of things[J]. IEEE Trans-
actions on Wireless Communications, 2021, 20(1): 332-344.

DORRI A, STEGER M, KANHERE S S, et al. BlockChain: a distri-
buted solution to automotive security and privacy[J]. IEEE Communi-
cations Magazine, 2017, 55(12): 119-125.

ZHAO Y, ZHAO J, JIANG L S, et al. Privacy-preserving block-
chain-based federated learning for IoT devices[J]. IEEE Internet of
Things Journal, 2021, 8(3): 1817-1829.

HEEE N

SKBEEE (1997- ) , J, WEAEOA, &
PRUR R 1l A, R BRI 5 1) A ]
HUIE S BRSSO R BRI

HEBZE (1986- ) , F, WidbREEN, #
+, BERMEKEEIHE, LA T,
T T AN R OSBRI
E TN 1 S A



	18-220635- S˝.pdf

