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Wireless radio frequency backscatter communication:
current status, issues, and development trends
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Abstract: Wireless radio frequency backscatter is characterized by shared spectrum, low power consumption, and low
cost, and it has important application value in the terminal devices and repeater markets of communication and sensing.
Mobile communication technology has always been a hotspot of development. The transition from 5G to 6G is not only
about speed but also about evolving from the Internet of things to the Internet of intelligent things. Both mobile communi-
cation technology and Internet of things technology face the problem of spectrum scarcity, there is also demand for low-
power energy-saving design, creating intersections with wireless radio frequency backscatter communication. Firstly, by
exploring research hotspots such as mobile communication and Internet of things technologies, the wireless radio fre-
quency backscatter communication was introduced in this study. Secondly, through reviewing seminal papers on the envi-
ronmental backscatter communication, recent research, and fundamental principles, a clear developmental trajectory was
mapped out and the current state was categorized across different dimensions. Then, based on this developmental trajectory
and classification, existing issues and partial solutions were identified. Finally, combining the analysis of the full text, the
next phase of development trends were predicted in this study.
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BE%E 26 TR 3@ EH0AR (56, Sth generation
of mobile communication technology) i FH L HEFE
ANWrHERE, &E. &R OIFIREE S shiE G
A (6G, 6th generation of mobile communication
technology) MIRFFT. ARHE 6G "4 2021 4E 5% 57
ERS T RS TN, 22027 4, 23K %
SRR R 370 EB/H WM BB B B
302126 . THA R K BRI E S E %
FHENIT R, 6G HIBEFL TSN A BRIEAE SIS K
WEAE e FE6GHIT AR, LU FESL: 1) H Ik
BB R 4y e HE, A B AR B K, (H IR,
BAA ZHANZH Y (MIMO, multiple-in multiple-
out) WML ERA, (HoH RE I ER AR
b 2) IR E R G—0E, AP DR+
Coy 5G AR F R8T AL il 5 it 2 o s B KR
HH ] W, 6G U FR B AR R L B R s 3) 6G FELLInlifE:
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YR e AR TC 4 IBAE RA K RO IR )
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FHIE, TESR (0 6G M 2% B 7 5t b B SN AR
B, WAETCIEYNIBE I N 3 5 b A OB

202145 12 7, 5 =AE kTRl (3GPP,
3rd Generation Partnership Project) SA#94-e 21 -
T 5€ 1) 5G-Advanced % —NRA T, 496 T Rel-18
W 28 ZE KA 1 28 SSLI,  Herp s AL ISR T AR IR
BRI AH G N 2 . 20224F 3 A A B R (MWC,
Mobile World Congress) I, HEIEAHEN.
SKT. AR 24 F P MAKFERAT T (5G-Advanced
WX 28 5 AT 1 57 5 2.0——THI 7] J3 ) R OB BF AL
Horr, TEUEP B M B 51 A 5G-Advanced [ 5% B
Ko FET RS K Y, T35 RT L & IMT-2030
(6G) HEHELL R A (2024 4F1H 1] 6G {172 1F S
G W 28 37 5 7 K5 R EOR B F i ) (6G IS
AN — A 2 2 TR SRR SR ) SEAHICHE 7T
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N S e o I a1 =1/ € [ NI = it [ € NN
HF i PE B L2k . (LoRa, long range radio) /X [A]
BN B Bl e AL S R UM I AR ) I
K IR IR ISR Y, P U B Tl B O = K R T K
SRPO26L 0 ORI 28 S 1) SR, O 2 I TA) IR
SR, RIS MG, B bFE2 ¥
BRI, B8 TR, WA SCBEAE T B 5 0 1)
5o ToBIHAIUR 1A U R A I R A 1 s . HE
L PR R IR B SR (4 ZigBee. AR (TV,
television) . ¥4+ TE&RE (Wi-FD. il (FM,
frequency modulation) . LoRa. #£ #1815 £ R4,
HREHE N 25 N F8 B85 AR IR S m) O R I
FoR, WPEFRAIEA R A HUR.

0 B SIS 1) S 38 A BRI T — o S
Kb, TAERIEMT: Bk, EHRPLE2ERE,
TISRFEIAS T G, AR EXT Tk A5
BOAS S AT RGO RO e, ISERWUSURE
ORI AL S A, 1948 4F,  Stockman
TR T IRIAIESBEHR, Z AR SRR A A
PR YRS A (RF, radio frequency) 15 5 I 1 I
N, I RIS B SR K RE A5 5 kAL 204
T BN AR SA MR T FE T 25 R G832 24
ARo RIBBIIAE, £LTF, $4R% (RFID, ra-
dio frequency identification) 7= fh V& #E T 12 N H ,
BT AMEEY T RS (ETC, electronic toll collec-
tion) HZRMONZ SN ZH]. 20254, HIKTHA
i 1 SGHH B YK A S AR (MDFC, microwave di-
rect frequency conversion) JCIFRAIIEIA =LA JE T %
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JR Smith 45 A1 B\ PR e ] S (0 S 20 A0 R A
H TR KTIR. 20134F, LinZ5IRE T HRIAEIN
RS0, AR T8 — T TVE S 1R W
B R R 45, 20144F, Kellogg SPVR#H T 8 ket
T Wi-Fi {5 5 1 S Ir BUR R Y RGeS0, 2017 4%,
Wang 2507 3R T 1 2T FMAS 5 11 S5 7] B30 J
ARG L. 20174F, TallaZHK R T E k5T Lora
S F IR IATEU R R RS 20174, Talla 55059
RF T EHRETE S FIH R AEE R RS WS
o 20164, Iyer SHEH T 1E S REHIB(E I R A
BN R R S TE R FTIR R A A LE
R AT Kk R A, 2020 4 DL G FE 2K
FEPEH, FS TR AT . BT B
REW, AR o, REREEAM
SEHSTE (LE 137D, HRIERIERE MR
5 RARZEAE S AR S TAE, BABLIGE 5 fE
AR A e L RN b 7 AT RS s AR5, HIFE R
M ARG, H#MEE XL HE (SDR, software de-
fined radio) HEATARZE A FZUCHLIGAE, 30 UE R Ih A

] LA L& HAE B (ASIC, application specific in-
tegrated circuit) BHATEITHE; G, SR RS
spog s B RIS R (BER, bit error ratio) . #H:
&, IEE. YRS AT PRI A B A
HIN3GPP J&, 20244F, QuEEPIRER T EHR KT
3GPP 55 19 i A FR A BT S R UM I 2R3k . 2024 4,
GuEFWIR R T BT U PR 1 R R HUH 2504
20254, XusFWRER 7T EBEER (RIS, re-
configurable intelligent surface) % A4 B 57 44 S [7]
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GRS T e RIA U VRS R I R . A
f& 45 (1) RFIDP (% 45 B3l J2 [A) B0 B A 5% )
R (AR SEERAR . TVE S FM{E 5.
Wi-Fif5 5. LoRafs 55 CAKIMEE 5. Hri,
2 BN I H AR IR S 1) BUR 3 — Ak ) (Rl
sl LA R IATHURY, S n) BN X 48 ZEA A 34 55
PN EE LR 1o BT LA S I 5 SR A0 i 3 50 S T
R A AE R85 I 1) USRS 1) 7% 30 1845 450 R T [v) 1) 73
i, WA Z K.
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B2, R MECHM. F SRR PR
M85 R T BUR A5 5 AL FE9 3GPP 5 19 MR A I 85
YIRS SRR B L, 5 SR A B A HTRE AL
WSCERIR R SCFAT I 53 B
1.2 IR

J A B A 5 K 3 3E (LTE, long term evolu-
tion) ML 5GP, 6GP2F, TV FMPL, Wi-
Fi*, LoRa". #£7{kIh#E (BLE, bluetooth low en-
ergy) " ZigBee™™ ", K (mmWave, millime-
ter wave) %L KRR 2257, RFID, (5 5 %
fE10, FE I ] OO, U 2 [l O ), R
SR AR RN TR — AR [ R
YK (10T, Internet of things) ™, JEJFRAIHEC 72
N N 51 LN 1% N < ¢/
MIMO®BS - RISIETS8I o] 24189901 0y = $pon 5%
P R MR iEE  (SWIPT, simultaneous wire-
less information and power transfer) . i J& — 1k
e N T RE (Al artificial intelligence) U7,
AL R, RO S OGBS
WK Z HERR, A E S, 5004
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TRGERTI, 2 RGUEE A BN

P A ATEE AT . RN IR SO Rt 2, A
S IR ERR Ty ) KB AT 2K

RS SRR B NEK 2, BB SCYHTE &
WFFEIREE S m I, BT DA SR 3l s (R O X0 S [
BURER 2 T BB R2PHENHFNT: FF
=4l (UHF, ultra high frequency), FFIA#LHAN (RCS,
radar cross section) »

2 2 TR S 1) U 23 4 RS S AR R R
G E RIS SR B SCHE R . TV SRR
X, ZigBee fF 5 IR KA A, mmWave (5
T HERMALTHRADHEL, H R CA RGNS ) )
JRM RS, 5 5 HAOEE A LSHE 2 1ie s,
BHM%(ES (LTE. 5G). FM{5 5. Wi-Fifg 5.
LoRafs5. #F (5% (BLE) REFHFFLKE.
B2 FE T RO 2600 S ) B i A T AR AR I B,
JRR RGN SEIIE A — BB, MURIANFK 2.

2 5P TR R LR 3. RFID LS
BERS S RESMH. BaM%. Wi-Fi. 84,
T HAOEE AT HAT TV . TV 2 E AL
@R, FMZIREE ST IUE A, FM SRR
WAIFE 3G, 4G FHL FEEMAH . LoRafl ZigBee &
T E NS, HFEEREEIWL. mmWave %
WELR O A, B RFID A3 W 4 2 7/ x
)R = Ak, A AT 5200 E B

FRLFRTT 1) LR R R 4. BN 48 fR 4R ik
5 S RO 275 T7 AR, BT DALAS 5 18 s o) s
MIIAEE S I BUN S 27577 1. B3R 47T, #23)iH
FEHEAR. B, 4%, RIS, REERAESELLAR
W . Hrp, BBYBIRIS 58301815 H AR KA M

T 5 R 5 MIMO 2% (a5 N 45 (1A SN, B
HRER T REEMZ OBOR 2 —1, T
FAbT7 I #AH R o A SCHREFRTT I3 AT & FERS 4T
RIS B AE AR AR P 152 AR 2 S 7] B B K
R EEIKS) Jy. RKAPgEANENT: FIELS
HHR (NOMA, non-orthogonal multiple access) »

513l 5 BRI A 5307 [ EdE: B
PR 5 3GPP &5 &1, GRS 6G FritE4i &1,
6G 5 REMLM NG G, 6G HWIHKM 45 &1,
6G 5t MIMO 2561, 6G 5 I [ EUH AR AH T4
REEH, 6G 5L AE RS EEM, 6G 5 5 HU
RISZ5 414, NOMA 5 RIS 454, NOMA 5[]
B 4551 6G 5 4 TH IR J0 B 1) U 45 &
IR IE A .

5 AE < B 4053 77 Tl A0 . IR 5 o i
g5a0, WIE SARDIRESS &1, ¥IHKM 5 RFID
AN G0, GOYIEM 5SS, RRCE
B AR BIE AR 4% 5 MIMO 2561, Hdr, PEem
SIS G VIR SR DI FEES & 4577 ) A A
KFHAE. R3h. AAESE, WK 5 RFID B4 &
J7 Ta) FOELFE S AT 1) RFID . WK 5 4 1) G 2k 5
S 1) U 485 5 AR IR SE R HY B

BB KR I R BUR £33 10 5 L, HL AR
A SRR U A BRIl IO Ut 2 ) 5
WPy MBSO . AR AU . B AR R
HUR Rl T e s AR ) A S R R . e, AR
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[103] 2018 FHukfz M  RFID 45.00 pW N/A N/A 23.00 m 23.00 m N/A
[104] 2012 HizAES  RFID 1.490 mW 96.00 Mbit/s 17.01 m 17.0l m 17.0l m N/A
[105] 2014 XUz UHF N/A 1.000 kbit/s 134.00 m 2.80 m 134.00 m 3.03%
[48] 2020 MEEXRIHS  LTE JL+uw 13.63 Mbit/s 36.50 m 730 m 48.80 m 1.00%
[49] 2023 MBS LTE N/A 400 bit/s 28.00 m N/A N/A N/A
[50] 2021 ¥Eg/ s 5G N/A N/A N/A 184.00~695.00m  184.00~695.00m  N/A
38.00~143.00 m 38.00~143.00 m
RCS:0.000 4 m? RCS:0.000 4 m?
[12] 2013 FR8E& [ HU TV N/A 1.000 kbit’s ~ 0.76 m(ZE4M) N/A N/A N/A
0.46 m(= )
[106] 2017 85 [l i TV N/A 1.000 kbit/s 9.00 m N/A 12.40 m N/A
(ATSC)
[37] 2017 FR&E U FM 11.07 pW 3.200 kbit/s 4.90 m N/A 18.30 m N/A
[107] 2024 88 AU FM N/A 333 bit/s 58.00 m N/A 100.00 m N/A
[36] 2014 FREE % al MU Wi-Fi N/A 1.000 kbit/s 2.10 m N/A 2.10 m N/A
[14] 2015 MEIRIAIEUE  Wi-Fi N/A 5.00 Mbit/s 1.00 m N/A 5.00 m N/A
[108] 2016 IREEIAHUT — Wi-Fi N/A 300.000 kbit/s 34.00 m N/A 54.00 m N/A
[109] 2021 HEERAHBS  Wi-Fi 30.00 /W 500.000 kbit/s 30.00+ m N/A 30.00+ m N/A
[19] 2017 ¥MBEIAIALSS  LoRa 9.25 uW 37.500 kbit/s 237.50 m N/A 2.8km N/A
[21] 2018 MEERMESS  LoRa 2.591 mW 6.250 kbit/s 300.00 m N/A 1.1 km N/A
[110] 2020 MEEFAIHGT  LoRa 0.300 mW  199.400 kbit/s 50.00 m N/A 300.00 m N/A
[111] 2024 HBERAIESS  LoRa 94.70 pW 19.600 kbit/s 10.00 m 180.00 m N/A N/A
[55] 2015 #Eixm#dy  BLE N/A 1.00 Mbit/s 9.40 m N/A 9.40 m N/A
[54] 2017 ¥F85&AEGT  BLE N/A N/A 13.00 m 30.00 m 1.00 m
[112] 2020 MEiRmESS  BLE 37.00 uW 16.600 kbit/s 2.00m 0.50 m 56.00 m(=4h) N/A
25.00 mCEH)
[113] 2021 ¥FIERFAEST  BLE  51.500 mW 8.275 kbit/s 2.00 m 0.50 m 2.00 m 0.04%
14.00 m 0.68%
[114] 2025 PEIRFAEST  BLE 450.90 uW  974.000 kbit/s N/A N/A N/A N/A
[56] 2022 MEIIAIBUR  ZigBee N/A 16.800 kbit/s 17.00 m N/A N/A N/A
[57] 2023 FFEEIAEUT  ZigBee N/A 218.000 kbit/s 20.00 m N/A N/A 1.00%
[115] 2017 HMEERIAESF mmWave N/A 4 Gbit/s N/A N/A N/A N/A
[26] 2021 MEERMAHES mmWave N/A 2 Gbit/s 0.50 m 0.50 m 0.50 m N/A
[116] 2016 IREE[AIHUT Bluetooth  45.00 pW 48.700 kbit/s N/A N/A 4.80 m N/A
Wi-Fi
[117] 2022 SR Wi-Fi 371.20 pW 23.80 MHz N/A 5.00 m 3.10m N/A
ZigBee  80.10 uyW  247.100 kbit/s 9.50 m
Bluetooth ~ 89.20 uW  986.500 kbit/s 420 m
LoRa 47.80 uW 27.300 kbit/s 206.00 m
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B B HL AR 00 s 1 SO o a2 TR
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SR L AR 5. o, ZKPN6G b TS50 %

fE % BA 1 FH SREME BB HLER IR R GE LA — € RE R, HMORA SIE
RFID I / / Rsd, RS HAGARW T SO I 5 G 1D
. v v ! (FMO, bi-phase space code) , M5 (ASK, ampli-
TV N / N ) ] . i
., J J J tude shift keying), HF2H% (PSK, phase-shift key-
WiFi J J J ing), W (OOK, on-off keying) , 1I&%5 F¥ #F
LoRa N / J H#: 5 (LDPC, low-density parity-check), 1F %2 4
v J J J 2 H (OFDM, orthogonal frequency division multi-
ZigBee v / v plexing), #f&4#4=E (FSK, frequency shift keying) ,

. r:mwave . j 3 j 1IEZZ 44y Z 1t (OFDMA, orthogonal frequency divi-

LR sion multiple access), —@EfiAH 5% (BPSK, bi-

*4 BERGEREES S nary phase-shift keying) , 1FE 22 #& R i #1] (QAM,
2R I7 1A SHECHR e quadrature amplitude modulation), JCZ&E ) #& &
[ (45,74, 121-122] 48 2t (RDS, radio data system), RkiEiff] (PAM, pulse-
R [13,42,47, 101, 123123} 7 amplitude modulation), {52 44/ #5404 A (LC3,
1/\%/';: :: ek 52, 87[?(9);)}?(3)’2’1?2-9{2183]0_131] j low complexity communication codec), 7= FiH% 4

TR DIFE/TEUR/ 4% /T i [72, 95, 132, 133-139] 10 1% (GFSK, Gaussian frequency-shift keying) , ffi /1
WA AHAH A B 4% (OQPSK, offset quadrature phase-shift
R 5185 B AR/3GPP/6G/ [32, 42, 52, 87, 124, 130, 11 keying)

SRR SHTNOMA 140-144] P VAT, B IR I O 4 AR, R
R I ORI AR IR, B A
s ) L BT, TEON AR bR i ST
A 74 | K1, BER RO S R A, {5 SRRt A
= 2Kl [47] 1 UHF RFID K &% 5G, 155 H &ML, Jfl. X
PUTHLATEE [43] ! AN B IR EIZLIRTY, A BN 38 AL T 4]
;ﬁi o 1 YHI B H AR AR K. 45 A I UHF RFID % J& 3
- 131] X 5G, fEgmbd. PAHl. R, @EEE. BEE%E.
(B RS [61] 1 AN E. MeEEE . Kumm kg M2 R

s [82] 1 KO I PERE S 53 4 L I 28 W5 U 4 Fic 25 48 3 1R
TR [68] 1 KHIHRTE, 5G A 6G A ILF B G 2 S A 5 B
i [102, 147-148) 3 IRTVREOAR, JFRE 6G B ahEE R AR 7, WL

x5 TS50 8 5% 5 R 5T EH 3L

[ERERLIES it L Rk s
UHF FMO ASK/PSK TR OOK
RFID
LTE Turbo/Z¢ ik 4/LDPC OFDM MIMO FSK
5G LDPC/Polar OFDMA/NOMA MIMO BPSK
TV [ T Y45 /nQAM OFDM GG RATEACIF N7 OOK
FM FEAME 5 /RDS 4 FM 4 ELPNZY OOK/FSK/4PAM
Wi-Fi 1024QAM OFDMA MIMO BPSK
LoRa TEA L H R Chirp i A0 R LR/ A R OOK/FSK
EF LC3 4mig GFSK B F BYR L OQPSK
ZigBee 85 K4 i i BPSK/OQPSK EAEPN2T A
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IbT. BRG  RIEUR R4t (MBCS, monostatic back-
scatter communications systems) U9 2 — S Y,
Xk I [ U E S 290 (BBCS, bistatic backscatter
communications systems) I ¥ 5 &z [a] #1 # R 4
(ABCS, ambient backscatter communications sys-
tems) JH9EE TR,
131 F—XBEAEEZ S

NTEWRERY, B8 TARERARSRAT T, R
Bl (Friis) %477 X e B A5 5 T L i 18
BATEAR, R EAR R ZE R 2R,
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DyE, BURHARRT SHIUE 5 S RECA T, Py & il
SISO T2, G RFBHLI R &G 55, Py
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Re 35 D) R B M A J7 1), ARSI RE P FE
RER L, B ACR B R 2k, MU A
R IHE P =N ()T
_ PiGG "
(4nd )’L,
BRI B B2 US Oy A R, RE R AL %
AR AL, L R I R P an Q)T
Py = DOGGE @
(4n) d*L?

132 H—EBEAZ T 5T
RTRAARTY, 25 H ASK S [ HIUHE 5 A ATy
PSKiEZ% WHik[149], FSKiES# CHR[19]. 2B
B SR B3 pr, 3R, b(n) e (0, 1R
SR B S EEEE, g [0, 1]2BU RPN
TGS A T, w(n) 2 s s (AWGN,
additive white Gaussian noise), C, N1EE &% 2R
HVkfEiE, C, MR G HRMEEFE, S
RIRE MRS S, s(n)R8PET. BiL
WOk AR SHES (B3 EETR) . 83k
MEE (ST (E 3 R MEERES, 72N
BrEpit s . UL E 5y (n) BB s
y(n)=Cunb(n)Cys(n) + Sppuee + w(n)  (3)

Cy
c. bm)
AU
i KLk Sun
\ —"
s, - -
mi>ma|ch/ ~ a
@S(n) llﬁcﬁzivféﬁz\g C, ’_/ | I -
ﬁgﬂ)l leakagel \‘ / S]emgez
@ O
Hall

3 HREIRE SRR

133 H_EBER T,
HNEARRTY, W TAEEHEABEMAT, KA
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AR i T R BE AR T I m i HE I R AT
i, B AR RS B W 4 PR .

Pye==»

HHA

K4 KRR RN E

B4, POREIRINRFDIZ, GoEHng
R ERIG 25, Dy 9 5 4505 AU A 2 18] (19 B 55
Gy i USRI R R 3 35, Py B Ik Th %,
BRI AIE 5 1 S RECN T, Poc = BUF A0
AT, G RBVNLI RE& IS 248, P2
WAL B T 3, D IS AR WSO 2 Th) 14
B N T PARKBIBI G A RE, AN A SR R
BRI s ABBE DSR2 S5 1) R e 35 S0 e 4 31 2
[ FTAH 7 1A, Co N5 0UE B U R 1 32 75518,
B AR FH 2 AR T R 2k, I R R 3 e o
R P AR

P.G,G 2

py= st 4
s~ (4nDy ) Cor @

RSN HU AR B SOT AH R, e &AL
W EEL, Cp NHUN AR B BUHL I R A5 18,
D NS AR 2 (B R FRES , Cyp A S 3005 2]
B A5 18, T Bl B i) e & P
KGR

_ PiG.GiG A

’ (4n)4DéTD'2FRCSRCTR
134 5 KRR T o4

RTAAERL, SR BRSO LR AR 4 Ak
B RBIRES R, BRGSO RE R S B
INo ESHE SRS T CEReTHD #ATIEE
(RIS, AR O R RSO L S . & el
SR S AR T BRI RE &, AR el I e n) B S
WA T IR 15

BIsH, Cov C M C, 45 5 R S AR - L
S AU — SR AR B AR - L R B TE .

P.G,G )2

|+ :
(4nDg; Y Csp

®)

<<ﬁ>> :

SRHARIR
s(n)

b(n)

n

A A JIIMJL
K5 RS SRR

H, s(n) IR RIEE S, b(n)e{0, 1} 2EH
SHATR I B B IR, e [0, 1] R BU RN
IS 5 WA T, w(n)s&e AWGN. LIk
KB HEEE (FE-RLD R SRR (Y
R - BRI ME S, FEWEBRENT
oo ML Sy (n) FmWz(6) TR
y(n)=C,s(n)+ Cyb(n)Cys(n)+w(n) (6)

2 I7F[E)RR

BE & R B RS R R, KN HIZE SRR R
A R, ER, B AN (UAV,
unmanned aerial vehicle) "9, A & {8 F& W djuex,
SGUS SR, FHOGIRSOED L. MW E RIS R
U SRR R G, BN RME 5 Fh 2 i)
B SOmEL, FE (FEKRTHES) SG+MDFC LiEY)
I 2 AR R R 5 RN TAE 7 %) RAT
I3 Je BT IR I I IO TR e A B 4Rt H . AR, B
LR U ARG S TR RGN B, K
Jedi e . A, BEAE SR UM 4k et PEREAS 2
FR 2% 1] Bt H 30T 8. R R, B B 5
ARSI, {5 524 1) B BN B s B 707 1)
2.1 HftRE#HES ZRIFEGIRE

XR1ERSAE A1, BEEEA5G A
6G L F B ERIEEAR, NEHEMES HI R
WG AT AR BB I AR . o, 5GE TV,
FM. Wi-Fi. LoRa. BLE. ZigBee. {55 # il 5
EIEAES, HNHAYRBEER.

HAl, 5G A cse sl Mk, mHds
SRIABA T IER R G B, HESR KRR
2. SRR, 5GIFHUR K & E R,
Wi-Fi. BLE. {55 %#8{5. FM. LoRa K JE#HE



°32. o W

¥k

10 %

W2, TV. mmWave. ZigBee /% JE# 1. [ K
725G 5 H A E AL I F LGB B e, Wi
Fi. BLE. {5 5 ¥ #UEE 5 FHRBKEIRZ . 2025
E, EENISEI T SGAeE s, AT 3G 4G F
PLCHFFM L HE . LoRa & ozt 2 [l HUst il (5, H
LoRa:th Jy LS ILE =1k . TV Hl ZigBee J% 7 HIUH
BEF I B bR AE AR, (HJ2 TV B T% WA 5L
{55 . mmWave A5 5G. 6G REE &, (HE2E
J& T B R Bz, F5RRE AL
ORIy, R EBRER .

TV. FM J [ Bl B R R G030 A AR 1 gt o 70
e EARSS HAE AT TARSE i mAs e, seEilo
BT, BT BRI . R AR S R AR AN
AL AT DUEATRE . AT A BRI A R4
TEEA 5G5S IO T TR ER, JF4&
375 75 K47 BB VP . B TV, FM. ZigBee
PSS SA R e I A — B8] A AN U
R, SCRAEONLE H) B0 Rl G 31 7 FH
KA
22 MR EiEIRE

3GPP 5B S IR UM 45 5 AFAE R IR i L«
PR TARIIFE . KA (RPEREAI) 2 5B 5 H
SRS, SRR SRR R IAE R
il 2 (MAC, media access control layer) FI4J# 2
(PHY, physical layer) . 1451 P % % (UE, user
equipment) FFE¥5 (BS, base station) [ ¥H i3 f 45
Jo 2k L B R 2 #] (RRC, radio resource control) /fii
FE RGP (SDAP, service data adaptation pro-
tocol) 73 ZH A5V FE Wi Z  (PDCP, packet data
convergence protocol) « JTLZ i #E )2 (RLC, ra-
dio link controD) . MAC. PHY JZ. FTLL, 7ENF
SRR VS0 T P B, B E
PER mMTC [ BUR 7 5 AT5 2 S TF IR et

UM 5G R IR IR 25 T AR R R 7
%, BN E TR H Wi-Fi 854 MIMO Jx A #U e
W T SRR T7 15 To SR I 1] U bR 2 i
FIEEEE, SGeTRKEBETLE WM, 724
WA, R0 A HUR S 58 5 5G #EAT H#e,
B R MG 5 L AT AR, Bt DUE 5 4
WEELR R T R EMHAE. mH, &
SR IEE S MIMO 45 &1 5tk AR
BORT SRR N AR, HUIHAE S REE A

TR R K =[]

ERRvEREA N, F[EAGESEE, 2@
B CEESIREATIR . FIESEEZEm: MR
TEMR e RMEE AT, HR R BIME S R e,
A DA ALXHE I 5 Bk gL . 2 i8S T
W2 GRS, 7T LARYESE 7 5 sh A
BORAR, k. . DFESESE, SLUi kR
5
2.3 REHSGHBEMEHRT ECR

3GPP H1SE T 4 FhERE S 1) UK X 248 1 R
RN LA~ 4, B335 BS. #3585 UE Hi%.
{E45%5 5 UE MBS 1 PR RS540 T F0R B,
A VAR A FFEBOR R RS 8] fEFR$D 3 Aldh
harh, ARZE. HlElARBIY AL BS ZIAAH BOERE,
B R AR BT S AT . TSGR TR
B, SR U S 5B 5 5G KBS HEAT H .
{1 5G 5 HoAl S IR BIURHE 5 I3 408 R H .

S A 2R [0 4% v ) B 58 s (] AR A T S
SEVERE T, T RO A I R IO I 25 48R, 5 ]
IF, ) 8% % U 20 C R B BOEE  t 7R EEEAT A B
P, AEARFEEREIERS(ELE (CSI, channel state
information) 375t , 4% BT 75 TG 1F B e 1k TR U
EC YR ECI A RS LI IR B R ) il 4
77 THATS A7 AE v i@ o
24 ERZR2EM

E SR 1) HICST X 28 2 g 2o S0 {3 K 22 4 i)
AL ERR SIS I FE RS . (5 B n Bl auiEN A
TN BEUAVE R P TR IR S . RUONFRZE T R
AR, iU R e HRER N 22 TTiE. 2207
FAFRRER RS G HIUE . PEE 2 g R
BB AE F AR5

BRI G RIECT 2 N T R A E
Bzad, frkk by mfgsth KIEEER, |
BTN RE S AR, N TR e, AR
W Rz R, HREMEGIHARKKRE, Y
E AR G B A T Res g, B4
R REFARFR A R — A SR RAAERE, £
SRR AZ . Nt — DR A2,
PR OB SRR, (HRRioEERARREH T
G S0 e Vs, T H 3 SRS T an ]
TENARPE L T IR EA PG E . REAARE
(1) 558 S AR IR 2 4 T VARG AT 2,
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b, AT EEANTE K CSI st R kAT 2 2 T iR = 5
S AT 75 A DR 1 T

RISU I GE# HAT £ 5 M RIEVERM B ., "]
DA SRR S 1) O e RO AR AN 5 1), b T 4 T % 4
PE, (BRI R SRR A A A .

3 kE#EE

W8 I 1) SO HOR AN BT, 5G 1 6G I [7)
U AW, I s HoAth /e ] B 5 Fh 2R e 4t
KIE, FLFERELL6G L M N T R IR
AITCYRE o 2 55 9 e 1) B35 29 T U i B R AR SR 22
—) Ly AR R R A B2 . AR A Y X 2
6G S ) B A AT e 23 B 4 o 8 HAth S 1m) U 5
RG], &6 KBIR. BUAF RGBT, AT5HE
W IN L 35 =K
3.1 R mIEST LA B R

3GPP 535G I A U &5 671 12, A B Y
RS Mg h. EIRTHES) SG+MDFC LA
YN P SRR R S 5 UL R, R a1 e
¥ s BEUR A BOAR A IE A . 5G] U R A
A 12 3 oAt S R U AS S R K R . 6G i it
B, ik e B i S KR I BU LS 3T
Wi AE S B AL . 22 B A BURME 5 55 RIS fil
A, BB B IR G B L arit. 5
A B R A, R G AT TS R AR
o R IAVEUN R B IHES) T, T 3 4 H I
ZigBee S AU 1) S IR HUHT o il 5 TRV I 42 S0 L
AR ZE I RAGIEAR, SEATHE . RS HT /AU
IFi) S AL ) 328 7 4 3
3.2 MEREREFEHRFA

A B FE N B T, B AL T, TP
WL AF SRR, X 2% BT IR S BC ARy T AR R RE
SR T . BERR PR MR BRI ST T VA A S AR R IR
S, RISHIBIAG . MIMOME/ELE 3. %
Ui (5 A S 7V, RR AT IR S B B FH 3 ¢ 1) B
TR . [EE M THERRSE T 75 2 IR AR A e 75
R S EAG TR AR, AR SR R H
st R A UG THETE . TP EE R BT
(DLI, direct link interference) « AH H T (MI, mu-
tual interference) . X 4£ %% (DPF, double path fad-
ing) & Inl A X R RS- TE 7% DLITEREIR T T
A TIIEE (SIC, successive interference can-

cellation). OFDM. #ifs%55. MIMHEEIR T LA £
bl FREERIE . PR ASE . DPF ARSI %A
WA IR IR A5 P4k BIifE % . RIS 4 Bh
fEH%E . RRTTH DLIE HL, ML H5E H & BT
HEIERIE . G5 REIR T 7 a5 s 4
IgEH . RASEEIGoHRI . A T/AR T4
WL T AT SRS, KRG ERB A 56
PRUCHC R FE o W28 BEIR iR IR AE R 4k, gk, 5
RE. ZRE. HHP. 2RSSR, DA ER
K BeRm R e K/ NS T W AT SAR
tbo RRFFIATESRE CSUE I FEHEEFE M. %
BT A . RIEAM. (F5E%4e. ATERE.
3.3 AlSkE#ESME

T LR SR 1A B 5 AT Z5 &0, FEAE(51E
fliths B9, FEL4eE. MERESILET R
RYEVER, BHArEAMESE A REY. Lk
BES) ) IR )% . AR, ALK
SR S AU R4 R 4R s TR BT AR
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B 5 0 S 1 U 2% IR RIS TE AHL. A2 sh&
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BUR 21015 B4, A seaiEReie Tt .
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Yo 50 B S 1) U I 8% (045 I 2 A S MR RE R T
35 55G6GREMA
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