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Abstract: Passive internet of things (IoT) is the fundamentally enabling technology of promoting digital transformation
and upgrading of industries. In recent years, passive loT communication technology such as radio frequency identifica-
tion has been widely used in asset management fields due to its advantages of low cost, zero power consumption, and
easy deployment. In this context, passive [oT communication technology and the latest research progress were introduced,
the potential evolution prospects of passive loT were analyzed. Based on that, development bottlenecks and challenges of
passive loT communication were given, a novel passive [oT communication system with deep fusion of the cellular sys-

tem was presented, and the key technology research directions of this field were proposed. It is aimed to inspire new

thoughts for the development of passive [IoT communication technology.

Key words: passive [oT communication, backscatter, ambient energy harvesting, cellular system

0 315

YIRS T3 8 v NI RSB AR, DLSEEL W)
HIAENERZ s, BB RS2 8 H
BEHEIE, SR, BEE TR aE K, YmBm

WimEER: 2022-08-25; fEEIAHA: 2023-03-21
BIE1EE: KWHEE, zhangyulu@chinamobile.com

BRI HERE . SRRSO AR O Hr A

N BEACAIIER 55 s DIAE A DRI +52 AR A
2010 SEHUEHZF, S+ 2 FERRE, TR T DI
¥ (BLE, bluetooth low energy ) iz i 25 TG 2k
H (LoRa, long range radio). LM (NB-IoT,

EEWB: PEBIAH TP XA QO RS IR (No.2022H002)
Foundation Item: The Joint Project of China Mobile Research Institute& X-NET (No.2022H002)



<16+ LY/ T I

76

narrow band-internet of things). 5G RedCap (reduced
capacity ) 25 ARG I — R 51 BA RIS DA W 4
ARo MRARTHFEDIL N BEAR BIRAE —E R LBl
TV 2 IR DA . RIER IS, HEEHAR
HIANTIEAR, — 71, ARThFEL S A, R 4%
77 THZH A, A DO B A lle P Al R A
o Bl R R B SR i S e, AR R
Fs H—I7MH, ZRTH AR IR B,
FARTHHFE L S JC IR AE ™ HO A5 P b IR AR,
J% 37 5 2 R

DN bR ) R, TEUR I X G A AR AT AR
BT EEAR G 2 RV . TCUEIIB I (S
Je 18 ) H 3R 5% A R AR BORK ) B R A 45 5
HRgR AN TIRS) H S Bk HLRE, IER A BU
[e1) U 9 % 0 RSB B S I 1) B AT AR 3 A
BIEEAR o TCUEIE @S B e 2 2 I RHIE 2 L
PEFE AR R L L, BE AR I S i IR I
Jeg 3t 4 v T i PR A 2 A R R BN T4 )
AT ), 2 AR RAMER X e ) R B AR

TCUEPIER I PR RIS DA . IS OA . /N2
o AR AR KRR AU, BERE AR 7 i 7e IR BLE. LoRa.
NB-10T+ 5G RedCap S5 DI FEMN IR N+ AR AE e Jg it
P A T I R R e . R DA 32 R T % 2R 58 4
Mo ARIRIRAR IR L Wi/ N GURLE A S5 40, TR
Berhik . M. W, S8, BT FEPEE,
GG TAC R R . Jagiit, hEE S
AEHAIR] (RFID, radio frequency identification)
PRASE BN 2017 EZ) 35 GG K & 2019 4£4Y
45 2K, BB T 2024 ik 115 285, DR
#it RFID AAREE B TCIE I I HAT BRI B 7
HHEFRME

AN BT 9 2 1R N FH 37 55 D9 I R A IR I s >R T
R EEHL, Wikt 7Rk, HES) TCUR
VIR 43 AR Hp B dE o AR S S 4R T IR A HK A
R B R i o IR, Ouf TG YR DI IR ) 22
WG T AT IR . AR5, e EM A5 S R0E
TEPIANAETE X8 TGV 4 3K I 401 38 B i e 9 3 Jee ik
ITIHNERE R . S5, 0 LA TCUREE N 815 R
258 1H] I B BOR PR, R4 AR SR T U5 A 3k ) B 22
T3 77 17 K50 53 I 2 R FEE i TR BT AR T R )
WKW R4, FET b, X ss To IR N & 4t 2
e (BURRRRA D S804 484 DL S oo
BEARBATIRAT T o

1 FFREEMEES R

MR BT M RE RS L A RE S S T
A EShEPEREE ST, TR (S U A 1
P, o0 Al AU EAE MR R R A4 X
HAE, PARGHOR IR Py 5 07 3R R AR R S [
[LERplER

IS RE RS
BRI

KRB\ PR RO AR

SRRt E ) SN E IR

R A I AE AR B A S 4 RFID. &
=4 RFID 25T 20 4D 40 A1), el T%
AU, JEAEEW. WA, kY, &
2010 A Hi JE ik B RAACHE) BBy, ISO/IEC %5 A5tk
HEUE AL T LA 18000 F A4 (1) 4 RFID £
Faife, SEEEE T AR N HSHE . L5
AU RFID 2428 WE 2 frR, RA0ET
VAR R S 2P oo Horp, TEIERRZE (DR
FRbRZE) fEF LA RFID AR I — AR F b it
LRI I 280ty 55 2% R SN 5 5 B AR 25,

FREMCR AW S E S, SERRGHE BB
WS
wEE [ TR
R 5

B2 AR BT RFID R840

FRB 5 ) 500 T A 2 I R A TG X 3 5 4 AR 4T
GRS FE T M), e B R T EUR S IR SR R R
LA S WA R TRIEDE N EE R &
HOR R BB 7 e B R MU R G058 0
WK 3 AR, 5 RFID REEAE, PR A HUH @
RGN A ARG S (s, B ES
) AE RS R S U E S, R R HIL
BN BRI [ SRS 5 AT 320

287 A e S 401
BEE | GnksiEs) PR Ze

B3 SABR AN RS

AN AE B R A Al B QI A5 R A S 7] B I A
RGUHAN E, AR SEAE I AT T s, AT

AL




3 YRS TIPS BT Tt e S ik R <17~

H FRET R TE IR 15 R e . M e R AR B
AIEE RGN ME 4 Pios, SR AE B 25
FEL, 2R G R B e R A8 B UL L 5E
Hulalfe, (HIIN T REEREE. RERAAME. Fiss
RO B USRS B HLH AT SCRE SRS S5 T8O
FENBPE ML G IR RFID bR A B4 1 fE
71, FTHEEE .

|
i M e s | g
588 Kt ol Bl
SRR R4
K4 FREERE R AN B VRS R4

2 RERER

HA, SRS T IR A5 R ge it 7t &
LSRR IR T AT S EERIT, M EAH L
Fe RS PN EBE ST RE “ TR BISEIL, oIk

BRI B AR 2T LA Z Mg 5K, Bk R
GUEAFIAEE TR RERSE , HA O BRI
SRR ARG ECREEEOR, R 7Ty
[ 2 REBOR TEMT MMBEE R TR . BAHE

EORERORSE; mRGE S R TH B TR . 195 AR
GO Y I, 3R T T )0 45 I -2
T AT AREE . TRUEIE M A5 AU P R
FLO7 1) R moET it Fe it e W& 1.

BERZ IR SRS

ﬂ s | | %ﬁ%é%%]é | s |
’ ra e i i

.....................................................

Bl 5 TR EAE RGHARBT T

2.1 IMEREIEGET

RS ) HIOR R B AR 5 v 22 Bl A
599, TEMIET I M HU (S AR S ml A%, %
Fi AR B A A 250 R 2 B B v B — S R 0 AT B
FEMRBIIR R, & 78 oI S 7 5 . R R
I) BSCE HEAR [1) SE IR 32 EARFE 2 RERHR 5 56 4 3t
PReE KR A
2.1.1 ZRE&BAK

2 REBHA RGOS VR T2 98 2 [ 4E S T2 U8, $efit
FEZIMEaE . E G e e, JERABERMT
PRI DI RE . ¥4 2 REFARN A TAa%Ed, SLilF
e R S BRI R R UE T RE
Ao SERE S, BEMGE RGBEIHEEAFL R, H
FI, SR E 2N KRER, HAG 5K

=1 TeIRAER B 15 U ) R R BT 5 75 8 R S A et PR
5277 1 KA ik FELLM
RO ZREEA [8-9] LR R
[10] FET R e S 5 £ A O SRR 1

FEH AT [11-12]
I
=

REEHLREROR [13]

B PRS 5 H T U B
KBHRE. HiebaE. SHBA A MR RS

e iR A AL [14] SR 3 8 S AT O R Gt R B oy AR AL S
T AR IR [15] ARG W bR IR S EE
R - iE 75 = [16] B kA2 4% (BPSK, binary phase shift keying) [ /52 & i i 1
[17] HF EZIRME S (QAM, quadrature amplitude modulation) (15 [ B il
[18-19] ﬁ;Ewﬁ%’EﬁH (OFDM, orthogonal frequency division multiplexing) 75U £ i
b

[20] ST R G i v e AR G 7 X

ZhHEA [21-22] N4> % B4 i) (TDMA, time division multiple access) SAFIERZHEEN (NOMA,

non-orthgonal multiple access) 45 & IR AT R
[23] BT NOMA (1 /52 [l B ZR il 5 2 VR 43 FC 52




<18« LY/ T I

76

WM REIEPE. eI A R 2 0 0K AR 19 5 N &
B¢, TEILTALG T LMAE N4 AT T IR M 38
15 M2 E R AL -

PRI RERSZIR, W5 SR 45755
R, HERELFERAHBN RGBT HRRER
g5, HAGHEMTIERAR, EENRmEEL, WX
ASR bR B0 5925, Toik B4 M A T 2 R4 TR % 0]
Hop 248, Tk, SCHERO)E TR, F &
KA Bartlett A3 # T 3 FOEH T2 RE LR
B RGEHIE SR8, Rt AR v BE A K
LB TT R CHR[10]1F R T e RIER 515 51&
R 2 [ PR EIDC R, $EH T — R 7EARZE IS
% R A LLSLHLIR 5 B8 &8 G B AL a1 R
AR BY
212 EwAHMEEEREHRR

W E 5 A N 8 m s, s
AR R AR U8 AN SR SRR 0, IR, R
N BRI £, T BEAE VR4 ST YR AN v F 1 1
Wo TEETRE B SR AR FOVE 2R G0 R T A R
WIS S AR BRh IR, REfSAE b T8 PR 58 s m) U
TS 1R L

SCER[11) 3 T E R Tt Ik 5kl T
BRI, ST A TAEAE 80~900 MHz 4Bt [ ¥t
i PR BT S IR B R G, I i O A O R Tk
1 kbit/s. SCHR[12]9 48 H 7 —FhJE -8 v s — i
25 FL IR R SRS T30 P B ) B S L AL & 5 6
TE BRSO S TA) B B i Tk e ) A5 45 3
150 MHz HAT B, DABRARBRIUE S IR E M E 24 E .
22 IMEREERE

ETHIEREE N ITCHESE Rgu8 S 8 HA
RemSCEL IR, SR, BT IR A Mg
AR SBIT AR EN, TR R G
B TAE AT HE% .

—J5 T, ALLEERIF M EA SRR
g, SEIRER “HFIR”, SCHER[I3JERH T —FF2E T K
BHEE . % B A% DL S A0 RS 1Y) VR &5 PR B 6 U8 &R
gt, PR — PR KR SR T E. R
— 5T, W R RCRNCRER S AL T &, B
g ScHlRE R “FTIR 7, SCHER[14]38IE 5] A GHBhAR &,
5 U3 b T YR 0 B R A R 48 T RS R RCR AR AL
i) R A — A R R A I, DASEIL s AR
L. FAh, TEEHENSE RS TR, L
R =G, P AT A— e PR T .

SCRR[ISH H T 35T ) P AR s o 500 i 1) 2
BEE BB PTG A S, B A ST
N ER AN T4 5 BB E I RE B AT T 45
HRE, SEIUR A S AR

23 SYAEE

T ROEAE B T3 5 B R 7T RE S TR THE S M
REMIEFHEAR, FEAHE: ST &R -4 b
TR EARTE RGP ATRER TS IR S LA B
FNTT LA ERR A H., BRAE S5 T,
231 EH-mAT X

fE 4 TR RFID ARZ RSS2/, £ XA
MR L FE A B2 SR 3 1 5 ko 2 0 45 T .
1575 3, T B A, (A RS R,
PR T RGN VG .

N T SRS AR 2, v I AR A
475537 BPSK. QAM, LA %ET OFDM
() 22 B i 7 S o SCER[16-17170 Al HR 1 SCRR
BPSK. 16-QAM f#lf] RFID #5%%, AL, <
BR[18-191528 T 2T OFDM #5352 17 B 1 il
ED

UbAh, —LeTE S gmis 7y K, a1 SCER[20]5
I —F T LURRRERE 2 R gmAD 77 X, A B
TR, AR ] —gm DR e, BRI
G RATFE . IR, B2 T AR AN AT A S AN i
G R, TEREAT B AL A w7 TS, R
H APPSO S (0 1 -4 5 7 2 R 25 LIt 5 R
FE T DB IE 04 RE 1A o
232 ZaEAFX

B & bR REUE RIS TH. SRR REH AR
IS FH DA K S ) U 3R e SRR )T, TE R I BE
BB K, fEMNSERICEN, 2055 A 1R
BRI N, B, SRS 2 A
il R EE, —m, HifFRMTEZ AN
77 EL TDMA N, ZBEER 5 AT HA bR
ol B B R, THNE R RIS, 5518
P i D o T S i) R A ) 4 30 % Bt % Ak
BEEHR: BT, AEGum s W4 AR Sy
% % Ui ] (FDMA, frequency division multiple
access) TR, FEMUIH R 704+ A A R A Y
{518, ASIE] 2 o8 A [F) 40 26 A5 18 B2 IR 47 18
5o SRT, 2T IhFE, PR mkt ik
kG FE AR IR S M S i 2 Bk L, DRI, M DA
Fl FDMA #4728k 8N .



3 YRS TIPS BT Tt e S ik R <19~

TG NOMA HR, #H# & TDMA &
FDMA, HXME5 R RNAERAL, vl RS 5k
TATE SRR R A A, ATRC T AT R AT
UHEERS, IRIPERG. MR, REEZ MR
fabr. SCHR[21-22]4 H % In) B 2o TR & 43 N T
%, UK 4T TDMA 5 _FATIh 2RI NOMA FHZ5 4,
TEANBER L 2 AT T, $em T MR
B SCHR[2314RH T — PR RIE AR 25 7 & (QoS, quality
of service) 1] NOMA 355 MU 248, HLAE
IR SR R L e KA BTV, B T R
(1 Be A AR .

3 FARMEEERKXGE
3.1 FoRHkEk

B A AT b S AN W s adE, R ORI X
AR CAE B2 R 2 LK AS B AR 8 R 32 1 U7 TH L
BEKIRE, B2, BT REEM S5 RIR
fil, JCUR RFID KIAHUR R4 5 RERMERENI L
TR IS RGN SR TG A 1 2 BB -

T, DA TCIEMEMIEE Ra 2 RAWCE —
PRI A DT B8R, BRSS9 40 0 U BE AR 1 FE
ETFFES AT mER, 2R FoLE T
P, BWoREI R BUEK, RGuUREE ML —
MR . FIR, BUA TCIRPIER (S R G LUK
BN 55—, HEm SRS Taee—, (G0F
REFR B RLAT . o) 3oE AL Dh RE B AR 2%

AR, MV FITURR Fe KB Bk 7 8 7 =207,
KL GIUR — 1k RFID 155 8% 70 N iUih #s Fl Bz 0 ds
PN, i RGURGEE BRI ERA, HIE
—EREE LR T E S BT, HRSARAE
TERFZE AR WO PR B AN RS A i), BRI T

3.2 RXKAME

T EREARBRL, BT ARFAERIRT L
TEYIE I T H], DASEE AR SEmh . 0 8 Y 2% L
A RIFPMEE S SR rEE R, 56 5L
VIR ER FER G, W 70 70 R 0 3 JE i 1t A 452 A
g, BRGE MG Em A, MR
GHETIMME T, RIABGEES, HERREH
EHRE ) IR, TR RS IIRE, R
HIN 5 EALIBER . 165 TOIERYIE R H AT 22 2
[E A AN P2 5 AR s A T80, o T U
B 5 AR e () B 7 T o
320 #%FRBRMIFFBSERAABLET LM

W& 5 TEUR MR B S R AT ES DR IE 6
Fiw, W& TCIRYIE B S RS A IR B
CIAeH: — Rt ey FbR s el s, Jeul [H
SRR AT SR AT BRI, R AR A
B RAME, ST AN E S 2
TGk A5 SEILBURN G 5 K% S R A HU A S
W, AT R DX AR 2 R e R, BRI N
G— LRET R

1) B 4

P A TR (R s D i B B B 28,
BRI TEAB . RT3 Bl R U 55 J7 T 1)
P, BEIEAS SRR AT I 2 s AR A NOR BE B AN
XPRRIT I, STt RGUBEARIBEEE R, (IR
WIEAR RN 286 2 =475 & 6(a)FE 6(b)r
N, WRIEN AR, ISR ATAT A A
AR

Case 1: 5 HiER

W B SRR R, e B BB S AR AT
E, FARZERIESHIEAE S AR E S, H,

AR FENRE . AT T H T e Bttt s, 8 E 5%

U U — s
" \\\\\\\ ——— SR
A E=a T = — LTER

— BeRE
(a) Case l: WEREER (b) Case2: HiBHALAER

(( » (( )) (( ))

i é§§5 <:\\\\ ifiiin
- S e —z am . EE0

= s L i s

(c) Case3: gkl —ik=

R kA
(d) Cased: th4ksy BN

(e) CaseS: waksEiR

Ko 4w TLIRMIIIRE S RO 1E 2 LU



+20 L7/ SR I i+ 7%

PRI HIE B PR S A HUR 77 2ORHE S
fEAZE Ll o ICRAEN N A SRR AR T () 2 Aili,  HL
PR AR 2% /D | I AE I A 2H X 77 SR AH R ]
HZIRT AT SIS 5 R, FATREES IR
INT PATEERE T . —BOEH TR &4l 23\
ERY RSN .

Case 2: Afihfitae

e EERIEAE R, SN T
(R, I NHERETT R A Bt Re N e A . Rk
RS R IE FAT IS 5, o BAT A
BURHE il 2 5 A G0 — A B2 o A L R
R SRR R S PR R . SR AR ik R
R IIRER—, L, nEH A MRS IES
TLIBEEES, LB Y F, BarLHEN
WEREEYE, WMINERERS A, IR =
A AR, TR B G R . LR
MTxE. FESECOAAETERMRT SR,
LG T BJHEEENEN 25T,
T BT A D3 LLOR R 2 B A FE R 3 5t

2) gk 1 4EH

Hh 4k 23S T 28R PR AR g ikl 5 A A 1) A7 L
HRARTT R, RO AR AR AT S5 B B . gk AT
SCIFRAESE R VPR B, R AR S FAT(E R
HATG IS B, e 5E SRR A, ] DO
gk T —omss, REm i B AR s 4. =
SZRT A 4k 2R B CAERE, AR g S gk
RIS EAARAE 1/10 2P A I IE . 4] 6(c)~
Kl 6(e)irn, RGN sAE, AN, Frgkst
GBI ATAL 3 PR EARIE .

Case 3: 4Rl —1Ah

SR Rl NG WL A STING SR 37 - QU €
Ul P Sy WA, RN S TE A kT
k. ok, IR FR2EAE BT Bk JEuh S5
k15 AR 5G NR/F L RIME, F4ki s 5 hrss
B ]9 FH A RFID G845 Vsl A 4k 152 2% 130 BR S
BRI OGS FAT AR EE 55, DR I DX 4% 02 278 15
[F B, HH T A gk v A 1 7 s 3 e s T R
I, AT SEELE AU I, AU I 4R R R E
WKE ERIFREE) . thak, akiss n] B & il
PeIhfE, REWLFAAES RFID hr%s/ IR K, {#
WERAR W . Rk, Frgkilok — A28 iE
HT KRG, TE. XE. BT SAEES
FBE AP RS EAS, AT . F

B G E R I 5.

Case 4: 45 Z =0

SRR ) B WS A R R g < o v
G — W E, RIS R R 25 5 58 s
ZEWOE, bR IR A EURE S R . 1A
G R bR 2 EAT B B TR R T N AT B B TR )
R Rl B2 RORHE 5 WO gt AT 95 7, FRAK
THSREMENRE, GRS SPRICK—K
vV

Case 5: "4k 7r &=

Hr Ak g B S R AR R, Rk [ AR S R IE S A
B FTRAES, W8 AT RIAEEHE B R
BRI BIfE . IRAERPE K ) T Ak £ T g
A, AR, (H TR N 7R BAR AT
S, IR S HE LINAR RS AT IE . 2SR B 3hi
S, Bk, ddky e AUE T
HEIE L TR R S RS B R R SR B35
322 HEALRMIANEAZ R RS WL RM

2 ETCIE VI AR B T Giig 53 1815 R 48, 1%
M EIEE B UARIRGE RSN EEAEEE N
¥, HIBEAR AR, A E L mRA
KR RGEA, K, HMESEM RIS ERE R
RGNS FAR B BE R AL, DASEILEE R
A TR b B 204 . B TC IR I (S
RUUBAE NS BER WK 7 B, W58 TCURY R I J8
ERGH M AE M % S8R, A il AN RS R
Ko —RTTEIRNEE LN, BT OMMIG, Xx
ZEHATVGIE. S8 B, R RihR 2%
R, B O R 2 RE ) R U AR ARER T A, LSRR
A AL AR U S AR

TR M [e—» AMF [«— NEF - fR%E
/\
Y
HAbwTi
B %R
(a) SEHENR %5 5Lty
TER IR W [ [RHEAY 5 [ &2

(b) TR %4
B 7 05 TCIRPI I B S RS0 TE I 45 SR
1) SRR Lk
S B I 45 M kAR T 5 L R I



F3M

YRS TIPS BT Tt e S ik R $21-

Kl 7. HP a4 RIS 4 Kk, &
RO MG T RS, R PAT S A ERE AE
ANEHIEAE, FRRRI BN EAE R REEURSE
T M, BRI RE (NEF, network
exposure function) 5ERH A F & 1) Lk

16 2 ) 2 B A W B T4 N B T e (AMFF,
access management function) Z5A% /0 4 T 5E XS
PRI AN, SLHURA A ARIEER, B
TAdE. M. sHRE st . RN, ZOMEE
SEPONIE. 3B T3 R

DRIV Rz W, IR AR D e e 5, (R[],
PR TRESCRFEBRANE I, ERER . BT
TR AR EE B/, R80T DL R TR A ok
EIRE, TSR —HRE YR T L) SRS
DR TG N R ST 20, SCILBEAH . IR
ZMz. VISR 2 sim it HEAR; @il
18 FH 43 2H TG 4 i b 55 R i — FH 2 P 0SB A 7 T B
VRILHT, ol DUREZH N R0 BE B RE 1 HF T8 o B
PR, FEAN M A R S BN 45 1) T X 6 22 TR] ) B R
L, T SRR R .

2) fAIARR P 2% ZE 44

7 A4 i IX 288 2 ) 2 28 e TG VR R FH 1) 4% = A0 7
KJG, FEA% O W 1) D RE R I R I G ARER T A
Fae i ARHR T fURI A R RSS2 L, R
FUFEA, DL B ks 58 i A7 B A A N 428 i
VB, ke dkul BAR AR EE S 5 R B IR 55 2% R8T
AR 20K, Qi 7(o) s T AREE Y R v
g, JETAME, Fit, HEREMES TG
fitiv ZKJE L) ARSI . AREEY bR 2 A5 2%
MRS, WS AR ThRE, SEIAEES )
R B4 1) DA S (R 40 20 A B

YRR, FEFIE. #38, PAARE B
MBI PP EMER, HTARAEE, 5%
AT SR “ TRZ R IR H] Z - RN 6] =) B
27 3 i DhRERR T, DR
323 HFLRMIKFAXEHATE

EERT LA TCUR DB @ A5 PR B i . AR FR AR
MEDARFUBEZE I, DL R e 54 PEAR R s 1) /i,
BIF 08 5 OIS IR ks TR TG & T A 7% BE L
NSRS NI AR IE A 2 . DA
Sz A R s M BEANGE A S B R R, DASEI
REGAEIEEIRT. BAANEN. AR 55 Lo
KMIRedh .

1) B GRS

WA IR R, 1525 28I AL
S 1) B B T PUAEURNAE S 1A T, PR T
B M RNEEE S, RO TGV 7R
Sz PR R A AR 320,

1 58 TIPS KRG, wT PAFE Tk A B
VL, B RIOGE RN 35 5, RN . B
AT IR ROE AR S, DARLEE
JiE S ETFH; AR, wT LM SR Ok 5 A
Wb 7720, ARt ae e CnEl 6(b) ),
P SR 5 5 RAEIR S 1 K% 0, PRSI
MEE 5T dhah, FERAUEL FAERETCIE I
WA BARTHZ) 10 dB (1) M ATRERS Tl i e m]
Ky e, XL THHEBRSEREAR, ¥EER
RS PATEEBR U, AL R FIEEFE B MK
S EIEE S/ ENER TS

2) WA

i o i 8 YRR X B A BE S AR T, RGN
PRAEHE N LR A, PRSI M 20k 2 2
Hahn, DR, rH eI B A, R EARAL TR
XIS RBBAFRCE, I RS 1R,

—J7TH, A AT R AR AR A, PAR
FRAEREREATMIALS], RIEHEE BN R e
FIIR N 55— 7 T, %6 T[] 5 B P4 s S R 3 55
H TR A FEAS, PG, AT LB e A, %
THIE T 04 58 TRIR RN I AE RA AR S 4T
5, s AR M BIA BT, SRR
PRIRAIHC, UARRRARASMEREMEA . thAb, THm#e o
VEHThRRE, ATBEFORRAE IR, FET405 52 H
R R, R ERATICR.

3) IR

WA TR B S R G IS, AN SZRF
AR RS IR RS 4E, BAn] Y Rt %,
M LU I o e 53 TC IR R (S R g, —
D71, RIS T AREE T A, BiA% 0N NEF T,
5X4sHEEAM (RAN, radio access network) #47
Wz, FER 2RSS A AT IENE B, DISCHREE R SS
N, et RGE M0 Y 55— 71, ATXT RAN
AT GRS T 0, 23 56 NR 5Fii
RFID WM ACRAS R AL, 375l 5537 5 b 38
FHCUR RFID 4555, $eTt /G @A 1.

4) Difedh e

WA TCIE VDB (E RAA SRR SR BN E



«22 L7/ S

4 e

B, O, RS E T OUEARREARIRE R . T
BRI, E TR ER S R BRI, 14
B TCURAIR I 75 SO B s R L B R, A
TR N TP A HEE AL RE S, DR RGLThRE .

BEXT ERTER, — T, T RAHTHE A LR,
HT RAN X ARZEREAT A Ik LA S, a6 8 &
frE, BRI EEE Lhgy B4 s, HTRaE
VRS S, S —T5i, BT EMX L Rk
HREMEFEE, itk BlUE S mEHRR.
AT D Ve bk, KR 2 A ME, AT
FENAREALE, LT T E LA -

YRR —MBr BB S BOR, 18 5 JoUR IR R T 15
ARG T AL TR R B, AR A RE, B
ER KBRS, T LR 2 5 T IR AZ
oo B, B BIRTAIRERE, R TTR
WRREEREDUR: THRRGZ RN, B
T8 8 IR B S R AR RAL . IRIIAE L
Eo)/I I I P TR YA YT PR R W R R ARG £
Hy, FEHRIE SRR, CHRIRIIFE 1S 1]
Y& C P

4 4ERIE

AL AT T IR I R AR D AR IR W 5 R e
PR B BRI R, RS T ISR M A 1
AR, WEERN A IEI DU m OB E P A
YERE, FU%E T IR RICE IR R 2 s F 78 U 1k
FUERE, HIMT T BUA TCUE K 8 A5 BOA T s 8k
i, EDRGUEEHEE A MELLUCMBEEMN 54—
FEo FET I, ARSCIRH T8ROI A5 g
Jige, VRN TR 5T IR AR S DI AEH
EReRE Y ANV S 25 % ST MW CIRIRST = T )
IRIERLG, W RIEDUE I 85 R e 2 5
Yok RIBUZ . TRPMRSETS AL, B iy
SR A g R AT R A, SR REREUR RS, TR
RAGA AR S B el 1R L P 23 ]

EEPEE

(1] FZEah, X5, EIb. TTIRDIEN xR — MRS 58 H A
F]. FPRMIE LR 224 AR BHERR, 2020, 32(5):16.
YU JH, LIUH, WANG S. Survey on passive internet of things: from
the perspective of sensing, communications and management[J].
Journal of Chongqing University of Posts and Telecommunica-
tions(Natural Science Edition), 2020, 32(5):16.

[2] OPPO Wi Ftle. FIFEIETE H B2 F3(R]. 2022.
OPPO Research Institute. Zero power communication[R]. 2022.

[3]

[4]

[3]

[6]

[7

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

BETH, BN, SUBR, 5. GBS R RN S BBk
HK[0). FeshEAE, 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.

TORO U S, WU K S, LEUNG V C M. Backscatter wireless commu-
nications and sensing in green internet of things[J]. IEEE Transactions
on Green Communications and Networking, 2022, 6(1): 37-55.

AloT ZEWFFEBE. HE RFID JolEEC M iz ik (2022 O [R]
2022.

AloT Xingtu Research Institute. China RFID passive internet of things
market research report(2022)[R]. 2022.

STOCKMAN H. Communication by means of reflected power[J].
Proceedings of the IRE, 1948, 36(10): 1196-1204.

FER A, WIS AR (RFID) &% OHRVERE G =0 [M]. b
A N RHEH R, 2016.

HUANG Y L. Radio frequency identification development internals
(Version 3)[M]. Beijing: Posts & Telecom Press, 2016.

HU G, ZHU Y, ZHAO W, et al. Signal detection for batteryless back-
scatter systems with multiple-antenna tags[C]//Proceedings of 2019
IEEE/CIC International Conference on Communications Workshops in
China (ICCC Workshops). [S.1.:s.n], 2019.

CHEN C, WANG G P, GUAN H, et al. Transceiver design and signal
detection in backscatter communication systems with multiple-antenna
tags[J]. IEEE Transactions on Wireless Communications, 2020, 19(5):
3273-3288.

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.
YANG C C, GUMMESON J, SAMPLE A. Riding the airways: ul-
tra-wideband ambient backscatter via commercial broadcast sys-
tems[C]//Proceedingsof IEEE INFOCOM 2017 - IEEE Conference on
Computer Communications. Piscataway: IEEE Press, 2017: 1-9.
MEKKI K, NECIBI O, DINIS H, et al. Backscatter analysis in UWB
chipless RFID based on UWB-IR[C]//Proceedings of 2021 IEEE Tex-
as Symposium on Wireless and Microwave Circuits and Systems
(WMCS). Piscataway: IEEE Press, 2021: 1-5.

OH S J, KHAN D, IN S H, et al. A solar/thermoelectric/triboelectric/
vibration/RF hybrid energy harvesting based high efficiency wireless
power receiver[C]//Proceedings of 2019 26th IEEE International Con-
ference on Electronics, Circuits and Systems (ICECS). Piscataway:
IEEE Press, 2020: 911-914.

LIU Y F, SHENG X T, FANG K P, et al. Energy efficiency maximiza-
tion in bistatic backscatter communications with QoS constraint[C]//
Proceedings of 2019 IEEE 19th International Conference on Com-
munication Technology (ICCT). Piscataway: IEEE Press, 2020:
920-925.

RANSFORD B, SORBER J, FU K. Mementos: system support for
long-running computation on RFID-scale device[J]. ACM SIGARCH
Computer Architecture News, 2011, 39(1): 159-170.

WANG X Y, YIGITLER H, DUAN R F, et al. Coherent multiantenna
receiver for BPSK-modulated ambient backscatter tags[J]. IEEE In-
ternet of Things Journal, 2021, 9(2): 1197-1211.

THOMAS S J, REYNOLDS M S. A 96 Mbit/sec, 15.5 pJ/bit 16-QAM
modulator for UHF backscatter communication[C]//Proceedings of
2012 IEEE International Conference on RFID (RFID). Piscataway:
IEEE Press, 2012: 185-190.

CORREIA R, CARVALHO N B. OFDM-like high order backscatter
modulation[C]//Proceedings of 2018 IEEE MTT-S International Mi-
crowave Workshop Series on 5G Hardware and System Technologies
(IMWS-5G). Piscataway: IEEE Press, 2018: 1-3.



553 3 YRS TIPS BT Tt e S ik R

« D3

[19] TANG A, KIM Y, KIM Y, et al. A 5.8 GHz 1.77mw AFSK-OFDM
cmos backscatter transmitter for low power IoT applications[C]// Pro-
ceedings of 2018 IEEE/MTT-S International Microwave Symposium -
IMS. Piscataway: IEEE Press, 2018: 259-261.

[20] ZHANG Y F, LI E T, ZHU Y H, et al. Energy-efficient prefix code
based backscatter communication for wirelessly powered networks[J].
IEEE Wireless Communications Letters, 2018, 8(2): 348-351.

[21] ZHANG D C, WU Q Q, CUI M, et al. Throughput maximization for
IRS-assisted wireless powered hybrid NOMA and TDMA[J]. IEEE
Wireless Communications Letters, 2021, 10(9): 1944-1948.

[22] YANG G XU X Y, LIANG Y C. Resource allocation in NO-
MA-enhanced backscatter communication networks for wireless po-
wered IoT[J]. IEEE Wireless Communications Letters, 2020, 9(1):
117-120.

[23] XU Y J, QIN Z J, GUI G, et al. Energy efficiency maximization in
NOMA enabled backscatter communications with QoS guarantee[J].
IEEE Wireless Communications Letters, 2021, 10(2): 353-357.

[24] YAO C, LIU Y, WEI X, et al, Backscatter technologies and the future
of internet of things: challenges and opportunities[J]. Intelligent and
Converged Networks, 2020, 1(2): 170-180.

[25] KIMIONIS J, BLETSAS A, SAHALOS J N. Increased range bistatic
scatter radio[J]. IEEE Transactions on Communications, 2014, 62(3):
1091-1104.

[26] KIMIONIS J, BLETSAS A, SAHALOS J N. Bistatic backscatter radio
for tag read-range extension[C]//Proceedings of 2012 IEEE Interna-

tional Conference on RFID-Technologies and Applications (RFID-TA).

Piscataway: IEEE Press, 2013: 356-361.

[27] YU S C, PENTY R, CRISP M. Analysis of phase noise performance in
spatially separated backscatter systems[C]//Proceedings of 2021 IEEE
International Conference on RFID Technology and Applications (RF-
ID-TA). Piscataway: IEEE Press, 2021: 169-172.

[28] 3GPP. Study on ambient power-enabled internet of things: TR
22.840[S]. 2021.

[29] 3GPP. Motivation for NR passive IoT for automotive industry CMCC,
BMW brilliance automotive: RP-211990[S]. 2021.

[30] A EGEEbRAEA U2, BT 0 5 38 A5 A TC IR AR I S 7 SR BT 9
2021B108[S]. 2021.

CCSA. Research on application requirements for passive [oT technol-
ogy based on mobile communications: 2021B108[S].2021.

[31] FUY Z, ZHANG H Y, ZHANG H. Bluetooth AoA positioning based
on backscatter technology[C]//Proceedings of 2020 IEEE 20th Inter-
national Conference on Communication Technology (ICCT). Piscata-
way: IEEE Press, 2020: 559-565.

[32] MADRAY I, SUIRE J, DESFORGES J, et al. Relative angle correc-
tion for distance estimation using K-nearest neighbors[J]. IEEE Sen-
sors Journal, 2020, 20(14): 8155-8163.

[33] 3GPP. Enhanced NR sidelink relay: RP-213585[S]. 2021.

[fEZ ]

Z=E (1990 O, iz, FEBSEGETR
B W IER 0 43 A 55 87 P BIF 0 B LR, B
WEFETT A TCIRI BRI . 2B . Wk A
RRYNM . TRIEE R AR,

=

~—
—

KWE (1997- ) , %, FEBEINEEH
REEBEM B AR S M AR R,
BT RN TCIERPI B . AT LB
AR KRS

THB (1984- ) , %, i+, HEEIME
15 01 70 B 0 1ok WX B R 5 B2 WF 9 B F 9
ARNECE 2 1l 5 W E N PSS 5 NS A
. YEBERIEERAR. Bk R
e,

OUp (1981- O , FH, HEBEIEETHR
BEIIE AR 5 R B R pr Rl e, B8
W N TEIRIEEN . Tk HA M. ZE
IBCIRY A IBR O SRR 25

BHEMW (1976- ) , B, HEEIEFEH
FURE DN ER R A 5 BT ST . =k
AR, 3 TR T T A A R 4 AR AN
P EE .

B (1967- ) , B, fid, FEFE
ISR R N E A O 18 E
MEIZHE, BRF R LM, EEFTR
T N RS SR AR . RGP L
PIEER B R

F@E (1983-) , J, WL, "BTREK
FHAE, FEOTCTTFOEBERA . Yk
N 27BN R oS e L PN WA RE 95
ARG



