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Abstract

Embedded networks are at a pivotal stage in their transition from “connecting everything” to “in-
telligently connecting everything”, imposing stricter requirements for ultra-low latency, high relia-
bility, and heterogeneous integration. Recent international research emphasizes architectural in-
novation and paradigm shifts—such as terahertz communications, and optimization of Time-Sensi-
tive Networking (TSN) scheduling—whereas domestic efforts prioritize engineering feasibility and
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system integration, with advances in 5G-Advanced (5G-A)-TSN heterogeneous convergence, the in-
digenous short-range protocol NearLink, Wi-Fi-based intelligent sensing, and RFID-based precise
localization. Looking ahead, embedded networks will evolve toward integrated “communication-
sensing-computing-intelligence”, providing deterministic and intelligent networking support for
industrial, vehicular, and smart-city scenarios.
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Figure 1. From isolated systems to the intelligent interconnection of all things
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Figure 2. From voice to virtual reality: the mobile communication revolution from 1G to 6G
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Table 1. Performance comparison of 5G and 6G

% 1.5G 5 6G MgExttt &

X 5G 6G
e 4 R 2R 20 Ghit/s 1~10 Thit/s
F P RS HE E R 0.1 Ghit/s 1 Gbit/s
A SE >1 ms <0.3ms
BaEE <500 km/h 1000 km/h
ARBEE K 70% >99.9%
BAEE 500 km/h >800 km/h
X IR EHE 0.01 Gbit/(sm?) 1 Gbit/(s:m?)
M £E BRIR B R Lt 4G & 10~100 % Lt 5G & 10~100 %
AR AR Lt 4G 17 3~5 fi% Lt 5G 1 3~5 1
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AL IR o T 007 AR Bh [F25 . REENLE] . PSS B S n] SE PRI 58 . UT4FK, 4% IEEE 802.1Q
RYEIT ZAFRUEISIE R (I ASds [3]. ASeb [4]. Qdq [S])IMETT, HExtFEIEHSRE . BILRE B S5
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.'/ EHI5iE (Frame Replication and Elimination) [802.1CB] ]
| BFAHIREEEE (Sequence Recovery Configuration) [P802.1CBec] !

EE?I‘Eﬂ'—ﬁlﬁin}iS( (Timing and Synchronization) [802.1AS-2020] i
i (IEEE 1588 RIRIFINISE) i | [R5 S%ETE (Path Control and Reservation) [802.1Qca] !
iﬁ@*&?gz(ﬂostdf‘:]a"dby) (802.1ASdm] | BB ESSE (Per-Stream Filtering and Policing)  [802.1Qci] |
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1 EEEEHE (Optional Announce )  [P802.1ASeb]
| SEERNEIEE (Fault-Tolerant Timing) [P802.1ASed] TSN

""""""""""""""""""""""""""""""""""""" N
i

| FREBHMY (SRP) [802.1Qat]
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Figure 3. TSN standard architecture
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RIHFES 45/ 2% (Low Power Wide Area Network, LPWAN)SE &5 0 E o s fE B . AR DB 5 &R
BRI L 2 HoARA 2R, WK i A (AT A 10 4R) A 4078 55 G 2 2 BV et S0 £k
{ETEPIBE RS AR o ZH AR NI B (NB-10T, LTE-M)-5 JE BUE (LoRa, SigFox)# 7 i .
WAL T, Maurya 5 RGUIHEHARER T A48 5 o1 5 R BE % 3] iR e IR /0 I (58I ZEE M 5 RE L
AL IR, A LPWAN 22 Ak 32t 7 R [11]. Chinchilla 2538 i #4 2 1R & B 400 % (Mixed Integer
Programming, MIP)# %!, X} LoRaWAN 2% [ S50l Bt AT AL, 7EORFFIRSS A1 AT 32 T B & 52 7t
RGEAMEETI[12]. Al-Sammak S5 EF X 5 B FL R S5 40 4% I REFE I R, $RH T — P T I 4 PR A sk
IR IS B AR SRS, SEIL T ShAS R S 5] 5 At A7 i 2K 1 XCE H AR[13]

7 WiFi J7 T, 35 AR 70 3 B Setn 2 7+ 2 T WiFT (R0 RE 77 JF . Hoang 28l 51\ 230 F 3
#ut 2% (Denoising Autoencoden)f&Ft 1 WiFi 155 T RPRES BN G, BN 7 RAEER RIHE M
SRENBE I [14]. M WIFT B850 H] e e o7 S I 2R A Mk (4 1) L, Wang 55 51 A ZE RN T BE(AIGC)
Tiik, MG MFEAUY REIRSE, ARCHERAZ R /15 TH[15].
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£ RFID 55 5 fm) iU 45 4tk , AR SCHIE 70 IR AN W7 4 e FLTHD 1) 39 e AL RL R I E 77 - Nolan &8t T
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£ 5G-A 5 6G RGUH 7t 71, A6 M HE 5 1 v 15 25 T AR Hh — PR AL IR AT BE % IR ALA, 7ES
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[ Py 9&F TSN (A 70 USEF D 5 0], 390 7 O 25 T B A s — o 9 7 B D G 1 EE LA, 3 di T
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(A ER S e, SEPLIZBE 2SS m AR I G, 2 B B [ ER A T R [24]

FEFETE WiFi & Re B 7 7], B AR FEIE R G i R 5 HES A 2 BUE T Bk R . Jbai Kk
KIRHBA G N EEATES AR, 8T+ T B2 2 AN R AR FE[25] . ek, sk RERHEIRAIGHE H T FIH
PRIV SR AT B HEAT WIFT B, 1205 st 78 4 R WIFD SO TR EIA R RO RE R, SRELT
R R AT RE[26]. TE N TR R 5IRA R G IR, TR =X I8 B A 1 TH ) WFi (1)
ConSense FF4:5 SIHESE, A R T WIFT BRI BYTE S 25284037 5% THI G 14 ¢ M 14 388 s ) R [27] . T 7E
WiFi B R SRR AA R A5 T, WK% 5 Se A BAAE 78 1 2T WiFT R R S givrieii, R
GUEb B HRAE T BRRL XU VA 1k [28] -

£ RFID B REEENSH T, RERZFXFH BN T#3) RFID HLEt NE5iEk, 616 5H
W52 RGMATTL, T TR ShNLAR N AR FE IR T DR B AR 0 5 | I R 22 [29]

4. EIRSMAZERTEE

FEF—AUE Bl E AR R R, [E N AN AR R T R S EOR g4 R — e ERES E
A

£ 5GI6G MIZEHIEFT Ty T, FEl Bk 70 58 A TR R A R AR S HORVE A B, SRR IR
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rPERE . AR M IR . PR, [ A TN SE NS R B R (1 TRV 5 R G AR RE JI 3R T
RETMERERIUL . 15 5B — B0 [/, R E N A AT P S A Sk

FEI (A UR R BT FL T [0, [ B tE 7E AP CHL R PL A 5 R GE R RE VAl O 32 EER A e, R G 1) [R] 25
M. TSN £ 5G/6G oLkl (5 5 & T th P& Rt IT el 78,  HA BRI ATHEME 5 BOR 51 9tk
] AT 72 00 2R A ok St B R A I 26 Rl 5 55 TSN BS8 ATAT IR I, o HERE W UG . IR P SR it
LRGSR REERR, RIS 5 A SR .
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