HRL 2% . 2 B R 53 % . _ N
REFRE EEREE 20234 535 B9 1838-1842 ¢ ChEFEY Jebit

SCIENTIA SINICA Informationis 7" SCIENCE CHINA PRESS
5@. ,'{—:_'\—‘ﬁ %—ﬂ_l:-_" @ SrossMark

BE - B - i ERE MR E

FH, FFET, A, B4

1. FHREEL, L5 100076
2. HEBHEAEA R AT, b5t 100053
* B{E{E#. E-mail: huangyuhong@chinamobile.com

ks H 1: 2023-05-11; &I HI: 2023-06-02; 52 HH#l: 2023-06-16; M4 H ik H#: 2023-09-05

BE BARENEETHRTEFERE RN AR HHLBHIA, SEEY. TFE4F
GEFL SIS TAEKR, A% 6CHABENESTRERI WAL . HANBRBES, ULE
AR, AN BFF L FREE HER AXAEATR. REHERXARA R
B3, 6C B Rdn T ERA NS EATR, N5 6C BRERMO WA K REETH
P33

R ARERA WS, 60, MAMIE, M4 ERE, 458 HH

][l

1 3

bt 5 TR BB AE SR (5G) BRI M, fEaBRVEE A, M5 OO a5 N A sl 5 45
AR (6G) KIRGVEDT T, MBS EIK, B EEL, BRI ER, 6G Resh @ i A e ARt 2,
T AL RE S L BRI, B A JUTH **Y’EIET\ B TIREE 6G HrizstdoR. 6G BaER
W2 T R R RN L YR B AR AR oaE Y. GBS - B - TSRS W RIS T A, K
N5 B I R S

AILEFSMT 6G MIBRE G MK FRG30 7, kG T8RS R A 9 2% = KGR,
B2 B ZBUDE, L2 R 0ME. JRJEXSEIL 6G RS Rl & 0 2% P 75 i SR B R Sk
ST TR, BRJEXTRK 6G EEREL RS M BEAT TR,

2 6G RREMEMEFK

W FoE LSS, e ARME . RS . B PIAE, MARK 6G FahE S ML S I
oK, BOREAE B BAE R /IR R, S0t 2 dm i BE BRI BE A s 2 se i (KT SERE 7). PR e S

Sl Fik, g, #HitkA, %5 6q G - A - THEBLA MR, RERE: FERE, 2023, 53: 1838-1842, doi: 10.
1360/SSI1-2023-0135
Yin H, Huang Y H, Han L C, et al. Thoughts on 6G integrated communication, sensing and computing networks (in
Chinese). Sci Sin Inform, 2023, 53: 1838-1842, doi: 10.1360/SSI-2023-0135

© 2023 (PERZE) it www.scichina.com infocn.scichina.com



HEB FERE B 3% 9

Y, I TN 2R TE AU R ZE0R KIS 5 AR 5%, 1675 206 53 ) 1248 B R 4t LA
PRIX LA E TR EMEEIZE, Rl F 2L — IR A e R R S, A TR LSRR R 4,
2 I FSEAR 1y P8 B A T A A B Bl S X2 D5, LR oS B 1) Jk i (R 4 B (R ) e,
A CASILTCARANAE - TEI ANFE R I L EREFZETRE. [FIN, TE NG To AHLFT 75 IR 2 1 250 4hs Ak 38R 3
REMR S5, HER 28 SR AE0R KA . TEARANTERT . EEAE SN B RSS (T LAk B P Bl i R i3 ).
PRI AN 25 R J B F1 P2, ARl S IR SEIIRSS RS B AR SRR 108 L R S SR A A R (2

IRFIANE ALt T AE M 2% E SR . B Th RE T LA REE (5 fe 0 B3R TF, LB SR
JA A S, W AR TE A T A HE L T R 75 eS8 05 TSR Tl 5 VERE, JFHRTHBAR 48 1) E
frgeZ). THERETIMBRTE, Aok M4 AT WAERIRETT, ITIfEBh AT BORMIBRE . Br R BRI K e
RIERTEEVERE RSB LRES Bl S35, M 2% B i SURIK, BSR4 BAT it
R SREERAIRAT S PRSI RS THSURAAE, BRA RS SR (. aTRATUR, 6G Rl SE R ST
LA et iR N RESFEOR, SR SR THEIhREMITR R &, TE Rl S i A 2%,
JROAR S5 i S IRAEZE ™ | Zx R R A HE .

3 6G BRHEMEMBHHE

AT R Aol ERe S BANRE I ANTHERE S — R IR S, 6G IR E LG 40K Bt 2
R 2B R 22 A 55 P E = R SRR

(1) ZEZRHZ. AR TLEMMRFEILE GRS L= REERIFILE AT —
BRLR SRR GRS, LHTELERE.

BB A FEIEIL R B . BARTH AR LR AREH CPU. st . HE GPU, LK
RRAFTH MO0 F 25 R M T S BEIR, M RE 85 @ 7E — AN S B IE Th ik AN [ 32, SR se i fE ik
%+ BRENAR S5 LA RO 28 P T B AR 45

RS A IR B AU T DL R O R EE S AR B TR, IR E
FHSCHE, LA RE.

(2) ZInEEEL NS A B E R AR S, 6G Ft— MK, H . & 2 B R I i
RGPl ARSBORIREE i, W2 Mbps JIEAEE 2, R AR 0T R SO0 R A Sk L
DX AR % (B, AL (Sub-10 GHz M) EEH TESE T . P sidi@ (s (Gbps), LU
FORLRE CRZE)~ | Ia [ RS BRI, =il (22K Kh2% . W DRSS 1R, s6H s
L, DRI B S R R A R (oK), 2 BCA PRI R, vl e A R RsEeE . B
TR BRI TR, SCHEAEAL S 7K.

(3) ZFAE. 217 AR B R (138 I S T LATE SR T 25 F P iR I R i, 3R A2 H AR
JERATREFE. TSR R T VR N B SR IS R 8 M B T 0T BB A 5 Al Ay s, 68 A S SR S AL 4 X
T, ARV MEE R BAS 3 1) R, TR 1 75 2 70 0 R 8 305 S8 X 48 S 2 R AR 4, 5N Rl By
P, FIFASF) S sEEAT IR 05 5 R USRI R 2%, 38 G B4 s BRI 1) L -0 i, KK A R kit 2 22
K. 270 R 38 BRI 25 ] LATE 2 SRR T 2 ) e S e syt (RIS SRR, 78 PR IR il 8]
P P EnE SRR, B RERE R 2715 AU NS BN A A0 HE, $eTHE AR, 3 KB va [, 4
SR (R SEE, T AR RS B s BN B A PR SRR R B e oK

1839



FHEAE: 6G IE1E — A1 - IFRRE ML K B

4 6G BREMEMEXBERARSHRL

S RS TR AR BERL G 7 BT 3 D ARG IR I ST, T AT b B A 4 i ) AR e )
ok HHT, RS LA CITAR T 8RR R X 2% T, (B R R T 28 A G B AE A 1) B
5 AR P IE T I 1 2 bk, 75 2 AR R T S SR

(1) BREFMESIERMAR. WBE . R THER NS I SI T, AR 1 6G
W 4 R = = A LT A5 B BN SCHE . DA BORIT SR AE 1045 B 5 B A I A T B S R AT 4
o, IR TR RS RONEAEE SR, SCREE 1R S RO TR 2T R, Ll AR
ReFE bR O 71 (HIE KRR MR TE AR S TH AR bR AT RS, JREME B AhTH IR A Sk SR ah
&, RWRER S ER T PP T E L W LSS TR PR R A = Bl S I RCR, e T8 (5
B RIS RE T RACR Z A O 2R T IS R A R S B PR A

fETE @A S R R S R A BRI T A B G . A EERN R SRR ek T
HHAF, AERFE BB Z Tz I s 5 A e, JC R AE PR AR ML FE A B o, AT
BAIRRRAEE, anfr B AU B AR SR BRI L S IR R,

(2) BREERAZS ORI EH ST, 28 DR BHOCFE(E e /I MBI R /1 se 8. 76—
AP« %055 BORBIE 5 g P, LR LA T I, B45 6 2 oM AT 5
FAR S 5 55 7R R RSB

AT Bt (5% B A R — B [ I s D A5 AU P A D g 8, —F R B DATR A D
AR BB, AR, 73— A2 POBE B N O BT, BRPERERES. 18
R T - i AR S o A% aa NS LB U NS Bk viblii Ve S & N B G = [ A< O VS e AR =R e SEI DO 37
SHIIER, BOHEUBTHIBOY, RN ORIEIE S AR RE

S E ST, WAEEMNE TS EE S EERN THEE, SHEHREE. (E
KI5, 25455 IBTH SRRy TRA] H AR, $-THERRS . ittt 2555 51, W maoric
TEAE AR BTN, o2 7 Bk — 2D WF FC I S [

FE PR M AP RS BT T, A5 R G EOR PR MERA TR 5, DALORBRASE (BRI AS . Tk
RN T BN AR ROR, DASEBUNS SRV P9 AR Al T RS . 88 SR o I 4% 5 SR 7 K
DRUEIE A RCR K [FI SE T RIS I RER, W ERA D, JRTHEHIR L.

IRARGE S R 08 BE7HURL AR A5 R 3 ELAR G, i SR M 73082 | AR i
{7 B, SRS RE R . A LG T BRI (B A B B ) RIS T W s 98/« BT 02 IR
FEARIA BT R 2 55 R BB, W7 = 20 AR BASFET BRI B T L A AR AR G 5 8 30 Jek Bl 15 P 4%
S FH T W £ — TR B Bk k.

(3) MRAERAEMIRTT. a5 2 ML, AR RBEBORAE R LS, 0o 25T R 4L IO T
RN L1 7 AN 2 S B S TP TR P e S 4= = N7 8 = M S e 1 T 22N A e 7/
Ml PR A 22 PR 0 A 5 1) .

PRGN ST, 1 AR [ 2D R 2 B AR BAE X B AR RIS FE B, 1 ns BRI IR ZEKE 41
K 0.3 m BPERIRZE. BR T SIS, BT RlB] R RZ 5, — R R 5 2511 1]
HBRIGS, TR Rz R R E.

75— R FGR/NX AT RGEL PR, AR/ XN AT RO ME 5 X RT3 1 [R5 A5 5K
SR TIL, £ B TIMBRER A, FEAT 2R TIRE R, i AR B AR TT M, JE7HEA
K 9]

1840



HEB FERE B 3% 9

£ Hbr i B shiny | (EEP P ARAY, 35 U T HAREY LA 20 A AR PR AR Ak, S fe A IR R
R R SN D). R, R B G R R RS S U/ B AR R, AORAIE IR
S5 I R S s PEA AT S 1

BEAh, ZUR (2R ZIRBL) RN R R DAL S A B SRR 3 55 0 (K SCFF, RRBE
LI SRR Kolk 5%, 5 S S 05 TH A BRI, 3t 5570 RO P f 1 B v sk (10,

(4) BREEREZRIDIZTT. W50 L E R RS BB, 7208 4 2 RIS E R,
B i SRR RS DIREZ AT REJZ MY, RIS 502 S5 L LA BC B BN, 1R
FIRAI A, SRS ME. Bt 5182 se IS . LS sEh AR5, SR T, B
FRAHLINZE. A5 D RE IR 2 P 55 B A BRI AL Lo S, REl AR A5 - S THEE AT L %4
SR YERE ). JTIUE RS RS R D AAE . ISR EHDL S . AP BT K TR (SDK) 45773, ¥
TIRHZ GG RREEEATIRI, B3 L, VA s e =7 B R IR 55, $RTHIRSS &,
FH P R S 0 55 AR 6

TR 4 R, OO IRFIThRE . THEDRE <HERD BRI L, HREEA R D e 8 a7 5 0 8
B3 R AR S BB R R S R A, a1 45 B RS el iR, AT IS RS . MG — i
EEL SEULRE ) 5 I MR EERR G, BB R A SRR BT S BE P R

5 REE5RE

WA 6G AR, Bz sofnlk 55K A BRI THELRE I PR AR EURR K, I8 RS R A N 2 O R
Kk 6G BANE B ME A REEIAR. 6G WBE MK A 2 2RI ZHBRWE . 219 S E
3 AN SRBERFAL, RIS AR ThRE M LB B, $RTHIRAR R PERE. T F) AROR, 75 BN 5 I /K
RS IEOR EL & QIR FFSBORR G AR FIS . A DR BOR 20 I S BRFR NI X 2% BE M Ve 145 7
T, DARARHEAL b HEDE R B 1 5 46 A, Bh /) 6G RIS R & 2% 2 1) RS .

S HEk

1 Liu G, Huang Y, Li N, et al. Vision, requirements and network architecture of 6G mobile network beyond 2030. China
Commun, 2020, 17: 92-104

2 Huang Y, Jin J, Lou M, et al. 6G mobile network requirements and technical feasibility study. China Commun, 2022,
19: 123-136

3 Duan X Y, Yang L, Xia S Q, et al. Technology development mode of communication/sensing/computing/intelligence
integration. Telecommun Sci, 2022, 38: 37-48 [BtMIFH, #1r, M58, 5. @RE R — R R RS BERE,
2022, 38: 37-48]

4 China Mobile. Computing Force Network Whitepaper. 2021 [‘:F‘*Zij] B M E . 2021]
HuTY, Li L X, Chen Z. New opportunities for multi-band collaborative communication — integrated communications
and sensing at Terahertz band. ZTE Technol J, 2022, 28: 14-18 [ﬁﬂ EE]%JI;, $f§\§, MR 2 SER W RS a8 ——
RBR 2B BN — AL, 2B REAR, 2022, 28: 14-18)

6 Chiriyath A R, Paul B, Jacyna G M, et al. Inner bounds on performance of radar and communications co-existence.
IEEE Trans Signal Process, 2015, 64: 464-474

7 Kumari P, Vorobyov S A, Heath R W. Adaptive virtual waveform design for millimeter-wave joint communication-
radar. IEEE Trans Signal Process, 2019, 68: 715-730

8 Liu F, Cui Y, Masouros C, et al. Integrated sensing and communications: toward dual-functional wireless networks
for 6G and beyond. IEEE J Sel Areas Commun, 2022, 40: 1728-1767

9 Wang X Y, Zhang X Z, Ma L, et al. Research and optimization on the sensing algorithm for 6G integrated sensing
and communication network. J Commun, 2023, 44: 219-230 [ﬂfﬁ%ﬁ, KN, B R, 4 6G BAF RS — IR M4 1

1841



FHESE: 6G B - B - THHERLE P2

BENFE R Sk, W15 2R, 2023, 44: 219-230]

10 Yan S, Peng M G, Wang W B. Integration of communication, sensing and computing: the vision and key technologies
of 6G. J Beijing Univ Posts Telecommun, 2021, 44: 1-11 [[F]3E, &AM, E3CHE. @5 - B - HEME: 6G B
AR, bR R, 2021, 44: 1-11]

11 China Mobile. China Mobile 6G Network Architecture Technology Whitepaper. 2022 ['4:‘ E#g). hEZs) 6G W%
HERTHEAR 1 P, 2022)

Thoughts on 6G integrated communication, sensing and
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Abstract Mobile information networks serve as a crucial foundation for advancing the speed and quality of the
digital economy. To meet the diverse performance demands arising from emerging scenarios and business, such
as super-powered transportation, intelligent security, and the metaverse, future 6G mobile information networks
need to provide ultimate communication ability, accurate sensing ability and strong computing ability. These
capabilities will culminate in the establishment of a novel realm characterized by “digital twin and ubiquitous
intelligence.” This study comprehensively examines 6G integrated communication-sensing-computing networks,
focusing on three key facets: application requirements, network features as well as key technologies and their
challenges. This research endeavors to furnish valuable directional guidance for the subsequent development of
6G integrated communication, sensing, and computing networks.

Keywords integrated communication-sensing-computing networks, 6G, network features, network cooperative
sensing, multi-band collaboration
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