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7K*F&%: Ubiquitous-X: #E AR 6G %%

o o UCZ Ubiquity of i UC3: Ubiquity of Communications,
UC: Ubiquity of Communications E Communications and E Computing and Control
Computing

1 (MEhRFE) BB EaRRERE

Figure 1 (Color online) The leaps for five generations of mobile communication

BT EM G RS 205 SALSIEE TR RPGER A . SRR | P A N 3 sl, %30l
ARG 20 D 80 FAUSHIES, 20 7 KBS —AURPEE R E. WA ahilfE R4t
(first generation, 1G) 214 {55 LA BNIB(E R4 (fifth generation, 5G) MUK, X ML 55
R 55X G s 2% SAA R B RIS A5 5 THT ) E /08 R ANEORAZ A, il 1 o, BARUn R pmid.

o MR, DAEHLEAE AIEAT 16 REAEBIEF IS, 2G F] 4G FINEF, TS 5
WA Z FEAL S, 5G RGLEA 20 Gbit/s AR O, L4 28k B2 A, 8% B IA F
109 /km? 16 7 FF BN S /H 5R LSL (augmented reality /virtual reality, AR/VR). JTE A3, & &I
AR AR A5, Bl AR S A «REHAEA RN § N e Sin b,

o FREIKR. NEBINIEBIE RGRMII RS H R, HEAE RS A R BB ILE 2G. 4G, 5G &, £
P BRENLE N« BB 2R EEA M, IR RO MANPIBEERRZE AN - HL - P2 [ HEE.
MEE o, #2019 58 =8, FReTHIEL M P 2B 62 46 1 e 4 (1 E R ik 2
107 12 B SRR, WA R 550 SACE RIS A A BN - Bl — Y E B A, #3015 iRk 25 0
NN FAZ Ny <P HER .

o MILRZEM). WEXHIBE AL G I JZEs ML ) 1 P4k, 28 7 UM A rh s ik 1) 73 A =X 25080 4% 4 A
RN — A AR Syt i S 1) 40 25, A3 A 5 N0 P THI SR R AE X 2% () ] B A4 P [9: 101 432 X
J7 AKX E )G 3« /N XA A sBN AR/ IX ) e 2y ot 21 S ) i 85 R AN TG o T AL X
THREAAAE S TR T ORI R, S8 7 A U B UM ER L = Rl S 4. 2% e 475
FEFTFTBC FEUAL LR RT3 5 S, B IRl (30 2 2 oA I I 2% 280 O 5G IR A%, #
BT X2 BRI «— AR ARy “RIFEAL .

o REZFIR. EHELMHRIER T, ARBBINIBEEMIEAY TR CY R 2. M. g, 55
4 M, DUER RABRMAWIT. 56 TR RAFERLEHE M 4G (17 8 MREEEF] 64 R L
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b, PR EYERE S E B, K — BRI = 4E multiple input multiple output (MIMO) 2,
TARPRZRY & R AE SR F 8 B2 KB, %89 K2 1 GHz; B B /N ADRLFEZ AR TH 2755 2%
(0.1 ms £%) U381 BaI@(EHARB BT « 4e P Em “24E73 007,

[l E R @ E L R AR, TUHAE BRI IR R L 2% ZRA) AR 3 B3 Y 55 7 T
(A, A SCHR IR A SIS BT — NP A O BRI —— 2 AEVE” (ubiquity). 72
Z)38A5 DAFE 25 (8] H B R B H R R @5z A (ubiquity of communications, UC) R4 715 B
MR TS AR, FHAE 1G 3 3G BrBEA S, RGP R | 248" TITAMER AR, B L E Ry
Ko - FH5 (Mark Weiser) BER) “— AZHL. HLZWE” FZTETHHE (ubiquitous computing) [1415]
R E ML, BaEERE . EAR] 4G IEMSTHEZAE (ubiquity of communications and computing,
UC?) Brle. 5G J&, SN iR mnlSE(R SE . Wi RS BOR B R R AR shid(F 13— D4R
T+ &2 EETHEIEFZ A (ubiquity of communications, computing and control, UC?) ¥ B, I NTE i
S FUEAE L TE AR DUME B A W H . RO ARTY Iz AERLS .

TERSENEAE RYEF 6G LN, ZAEB SR BRI 2 M rEaS, WA AR ML ZER
IRNERTC. A SO W il (5 e R FZ AE I R 191, TR R G MR A T AR K 6G W 2% 83 1 5))
73+ BRI SR, ASCHIEE 2 R4 6G R FOIF R B SRR, 58 3 TR0 6G I Z% T I 4
AP 56 4 T8 6G MZSHBERTE AL O EOR,; S5 58 5 TEAT I IR AR 4.

2 6G E=

BEE 5G B ANEDALERE, 6G BT 7HE CAERBRIRIRFIIT. 2018 4, WA, B K%
(University of Oulu) 155 22 E KA T HOEIETFE “6Genesis” BUH, HAE 2019 4 9 HRAK A
K A$EE] “6G Humanity”, JEE T 6G ¥ I E QI #E2 RS it . TAEAEERAS . AP
FIRREE R S N2 ORD) T g4k, 2019 47 2 H, REBCREZR RS T 6G Ak L&EKE
AL GHT R AE 8 RO BTN, FF T RHF 2B T 6G k482, 2019 4F 11 A, &KE
BREEHAR I 2 AR RS ZE Dl or . TS BAES 0B B AR 6 23 2o Al [ B 27 B i
LK 6G BT R AR, IEXE SRR E T E 1 6G W 5T TAF 181 2020 4 2 7, H bR/
% (International Telecommunication Union, ITU) JH 3l T [ A 2030 4 & AK K 6G [ FT LAE 19, br&
6G =TGN [ B br AL A 20T 5 1K

BN AE DL — A A SR Sk, AE AT 6 R BORTEAHT, b 7 A 2 I T I PR+ 2
LTFAEORP R th R, M AEARR IR, 1RSI e R k. HAl, BN AN 7 C A E A A
BT 6G Bac 2B AN 6G R, AMUAFESNE . gD, S, A 220 R e s T
- R - M- AR TR A R RS AEAS ST B B RE AR RS S d A A Y
FEEME ORI BT 2019 4F 2 H, ASCAEETERT ] MUSE 28~300 [yl b, i — B N T4
HNER PR SR, 3R [31] HEI AME B FEEAARIENEE TR “R (genie)”, HEHKFHEFEXT RN
5G N —Hl - PR E 6G HIN — WL - P — R (genie), FFIHIESEHIE X R T “R” N, AL
BRGIRANIRT I “R? J5 6G 15 2% 1 TE B S AN bR 75 R 17284k, AT 5IHT # >R AR BRAR,
o Hh Ve 1 9 ORI o] RE IR B A,

1) 444 (Norbert Weiner) 7E 1948 42T 1) (4216 ) 16 i tH 7 1 (R BE AR (A5 B AL, 5 Bt 3417
TR A R AN ] SN SIS R R, RIS AT R B A B S 2

2) https://www.cnet.com/news/fcc-opens-up-experimental-spectrum-licenses-for-6g/.
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Figure 2 (Color online) 6G vision scenario under the concept of UC*

ET 5G W UC BBt B, I <R AN EAERIEREFES RS, @i <R 5A I Y
B[R], Ay BR I S R S A e], B EAREE A S s R ER BRI B RETRER . AT
sz, BRI SS, P BE T RS A L. <R B T A E B T S A, mR R e
“BLIRY (consciousness), XHEHE . ELOE TG B B, BMEL KRR 222 B1ESIE S TRIE. ¥
J&. e bl kg, HI8H] 6G MUNFKE B Z BN BIRE . AR AL EIE MRS L, R AU
BRAREE, IR AR AT B BRI B2 3R 5], 9 BRI R, TE R EL B B2 1 R B 3RiE
5, ik N TR RE 5 N EIAE LA Bk, IATIAN 6G BRIE B H . AR 5T
BAERE, IR UC? EAZIEAE . 1HE. BHAEIRFNZE (ubiquity of communications, computing,
control and consciousness, UC*).

NREPL UCH BRI, B — AR BIFFiashig st (B 2): mliESiash e+t
SRR T HR PR R ANE ], PLAE B BRI, 8 6G A - HL - ¥ - REF 5 WA,
AIEIZ B GI R FE B I SN 4 BT RS AR AS LRSI RN, R Gyt Nl IR, 4k
RO BRI R, XS RE BRI REE A - Bl - - REES
WA, IR ERF AR, FEFTVE TR EARRER L IR EIE R RN, 6G BT it 19 =058 5 R0l
G, B ZERFKE NG FIINNE SRS, /£ UC* BT, RSz M KRR EIEZE)
W PRARSS J9hn, RERRIGRI G &I <A A A P .

HT 6G UCH IYBITFELE, MSCRFARR AR & 0/ SRS SR Bt ik, ARSI

3) 3CHR [31] ARHEFEEIE(E R G MEBEE S, SR N TR EES NEH P HR R, 2T 6G 55 i RHEZESE H B i) id
fEIEER “R (genie)”, HTEAMEA T «R> BIPEA, YLP TN 7LIA - HL - - R 6G Bahil(EHERELA.
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Figure 3 (Color online) The logical structure of Ubiquitous-X

~ Bl - - RIBEEX R 6G LS HLH): Ubiquitous-X. X IESC7EE X, #% LR AKRMBILIR, H
AR XIRAE 8, JHE S HIRAA . Ubiquitous-X fHILERMIA . SIS, 7RRIA T 6G AR
AL AENIRFIANE ERRAEANY e, <R 5INESE . A DESEHE R TR, SEGME R TRE
6G M8 hAZIL R G, B3 5ERA 7 1 RS 1T HAR. Ubiquitous-X MZXZEMPR A R BEE 51t K
J&, Z AR BB « R B AR N AL SR B AR A, R AR M2 B R e 2 1), [ 3 Jeos 1
Ubiquitous-X MIZEKIZAEZH). 6G IFAQ, N - HL - %) - RN T S0, 25, 1 SO s s & S
15, A2 EANAL B SR I LT AR, ARTRY «— AT BT E «— N T8, T8
[H” MRS, Ubiquitous-X IS LA R AR AR ZIAR L, I “RIZE oty B <G Oxt”, I <5
P E) NG Gy, MERR 6G UM%, SEIL 6G “HuE ittt By

3 6G MEMmIEAIHEE

NHE 5G UC? 3| 6G UCH IR, SEHLHAA - HL - ¥ — REVE[E, 6G MPEREFR 277
iRt (A 4 FioR). Bk, 5 5G Mk, 6G TR HE R BT 50 5, fEH P ARRE R Fi
TF 10 i, FESE B3t B 45/ N R ZZR0 2%, B 50 ps, fEGE B FHRTE 100 £, EERESE FIRTT
100~10000 %, FEAIE 0% F3EF 10 fi5. BRibZ A, R T E UCH Fhl i Bz /R 75K, THE %
SROEFI BT R, 6G MITHE RS 5G 27 100 fi5. 78 UCH B SAARFD [ IA I 28 14 B 75 SR 1
WK, ol E RS R AR BG4 B PRoE S 2, IF51K 6G ML AREE B 3 J7TH
Phtl: Poik 1, 15 B E AR S K R B REAR Lt Phik 2, (5 B4R N T 80015 877 18] m 4E 1
Bolk 3, KBRS £ R SEAE BB R 24P X 3 KK S8 6G ML ME IR EIE 15 1015 B4
O (W 5 FiR).

3.1 (ERfEHEaIELM
RN - WL - - RAAET A MEAT S0, 17K 6G W% 1L 55 B AT BN SURIE . R
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Peak data rate (Gbps)

Spectrum efficiency (bps/Hz) User experienced data rate (Mbps)

—— Ubiquitous-X

= = 5G upper bound

—— 5G eMBB
5G mMTC
Calculation efficiency
Latency . 5G yRLLC
—— A4GLTE
108~10%0
Connections per km? / \ Throughput density (Mbps/m?)

4 (MEMFE) 6G ML MERERTRIERR

Figure 4 (Color online) The performance requirements of 6G network

Genie
Genie Genie
Machine Things
Machine Things Machine: Things

Human
Hutart Hiithan

|

" — 1 6G networks ‘0‘.
) 1 . A—— A () VA
grd . \A/ a \ Q)
Destination ) (X)/(x)ﬁ)/ k(.’)\(x)/A
= (@) Al TA>
Geniey Genie
Genie
Machine Things Machine Things
Human Maching Things Human

Human

B 5 (MEMFE) 6G MLEHILIIL
Figure 5 (Color online) The bottleneck effect of 6G network

P GSMA FITRM 181 2017~2025 42 8], Hrdl B EEE H 2958 100 12, /2 R HE 5G &4
BHM 7.4 5. B 6 nTCUE H, 2R A0S AT R TP 240 B 3R iE . JF B G
B [ RS, P800 2 B TR B L 5 2 PG a3, 54— MEaRE, SRR XM sk %
A R AR S R KBS (i 7 FoR). GRS EIEY S K S EUE BARR RBL R
Bl S SERFE. Nz ik A8 TS EEE L S % T RN E R, 5 BAEWM I EARK 6G
PR 286 o = AR AR 2R PR RO, 5] T B AR RN U KRS AL R P AL, 3800 1 R 284 il AN B2 YR AR AL
IR R ME S
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—k— Links of IOT (unit: 100 million) Average traffic per link 2418
(unit: GB /month/link)

600 |= —A— Global mobile traffic (unit: 10° EB/month) A
500 | 1741 .77
400 =
300 =
200 p=
100 =

i i i I I I

2020 2021 2022 2023 2024 2025 (year)

Bl 6 (MEFE) SRYBEMEREHSHBHLSETNHLE (BEKE: GSMA B 5 1TU 18%)
Figure 6 (Color online) The prediction of global Internet of Things connectivity and mobile traffic (data source:
GSMA [8] and 1TU [33])

Ej Average mobile traffic per cell phone in 2018, Unit: GB/month

19 B Average mobile traffic per cell phone in 2024, Unit: GB/month
] || Central and Eastern Europe " 7
6.7 w 21 ’

f Edst dnd North Asia B
5] D

Middle East and Africa - D
= 3.6

|

17,

/
D ”Southeast Asia and Oceania" 18

A
]

B 7 (MEEEE) FHEBEEFNATNLSEZENH (RR: B35 2019 £B3HRE )

Figure 7 (Color online) The average traffic density dlstrlbutlon per smartphone (source: Ericsson mobility report
2019 [7)

3.2 EEZTENSHEM

5 R R AT LG ARG B 2PN AR, B 8 ATLVE Y, fER il fE sk,
7R A LUSCRAEE B A4 E A WG . 1G 2 5G KIS BB AE T R AR A5 823 ) K Tx
I IR (5 B R BULERE, PR A s 2 1 I DL S5 RE oK. 6G “R7 MBI, ifHE R 2B R 5
5G 15 SR BYERE B H AEE, ﬁ*&jﬁ#%?ﬁ%}ilﬂ 5 5G N =Bl - V=2 5 B2 A A,
Muct mESHAE, <R B RIREAN - L - W . R0 BRI, R, 1R, IR
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——  Dimension of information representation ~ { % Space of information representation

6 I —A— Information bearing dimension Q Information bearing space
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4 - Frequency-time-code

\
\
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|
- II
L /
’ ! H \\ /
3 i RN -
— . —ti \ I Ssel -
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[ el .
2 -':\ K \ * K Human-machine-things
- . Human-machine ammachi
. Human-machine Human-machine
I g
Human
| | | | | |
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8 FEETEIRHEERENLIES

Figure 8 The evolution trend of information space and dimension

o E S TS Sk MIRSEE B RALEE T, SEUE B RPGEY 5K, v 78 E BRI AN E R
SR, BT AR ROYERL. H S BRI ST 6G ML B A E
AERSYE, 9155 B ARk, FLAYERE IO, IRl 7 RALAS B A B A U XERE.

3.3 EEALEBHEZ M

MY K. Z At R oC R AE 3 T ER ST 6G W25 BACB R M. 5 1y
6G ML (5 AR R K. FRE RS s F i B HAE 5G BT C 253 732 A4 B il T
UL BT e, ARFEIE AN, PEBEE TARIRB N Z AR BB e 28 5 v (R AR 25 B, Bkl B F Kt —
AN, BEAN, AN 2020 SETFARET 5 R A, MUK e A I EE R B R AREAE 20% (IR IE N,
IBF 251 AZHEL B T 6G M4 <R SMEE SRS R X2 XN OGR, PSR R
MBLRGZ B 1 5G. 5 2 TS 6G W48 EESCRPRE AR FE 10 22 AL e 55 9 TTU B, 2025 4F 42 FRE8
gl 35 B E] 6.07x10° EB/ T 331, 1528 TRTIRRIAUE RO RERL. HEHRRE ) WRESFRE DA 42T 2
Tt, 6G W48 SRR A R ABURMY 55« I SERUROLL 55 IR R 0 BURL 55 RUE AL AR B A Ll 55 Xk
i RZE AN FAE 6G RIL P I DL UL 55 9B, R R TBIEE DN 0.414 pm BITEOL T, Son—A4
10 cmx 10 em KNI, 72 5.8x 1010 MR, AEREIHT Ry 30 WifEAd, SHE R ALRER A 8 bit
AL, ARG AL HE A0 14 Thit /s, M2 4 SRS T 46 f= B 76 FOA& 4 22 437.5 Gbit /s B9,
% 3 Tl 6G ME NG R AR 6G “R7 MIIMAMSER ZMARLEEMERARLINEE.
HEIRA RN, #3 RESBAG LW PR ST, R8s BA T s TR, 1
75 BRSO MERE . T RS B AR B BSOS R — Bl - 4 - ROEEN GAEIAE A 4R (5 R
AR SCHE. THRLRE I O AR (5 B A B DR AR O RE T, BRI, RS B2 i ri 36 o 1 8 1A Al
T8 RE CIBAT Y BEARBR, AATTICT I8 1 5 A B PR R A H RN A2 6G THBERE ISR, A0 fRT N XS A5
SACBER R AN 6G 2% TR S BT I P sl 2 —.

bk 3 KRR, 6G MZ%E — N ABHRZREARMYERE, RS BB E R RS 15 B AEERR
LR 38U G i) A AR B R0, MEDAXTRSR 6G W 28 AT VR 70 BT 15 T, 55 S5 25 (R (e 1, &
JRIBEINT 6G WZERAL M AE. AN, 6G 2% 115 AL AL T 3% HLBE S HCR T, 23 1 i sh
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physical world
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virtual world

JERE e R
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L
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o (FIIRE) Ubiquitous-X MR
Figure 9 (Color online) The network architecture of Ubiquitous-X

SYESE R Dy TR 3 KRBk, FEAE UCH BT BEET, MSCREARSRA A 1 /5 KA 5
Tz Beit ok, (R RGRIMCE S, Bt SRR 6G M.

4 MERPRIHERSROREAR

W 25 A& BT T R B AC e P A, M EL 5G 4%, B FARER R Eaimin g «R g, ¥ L
Ubiquitous-X f4% 6G M%%. “R 0] DAGE B TF 2 W 45 10 2 1 A5 5 v 5040 sER 7 A 0 A i) e
BT A BN - WL - AR T RS <R ERAT N2 AR HBAR DG 422
KAHAMERE. T H AR LS MEHERE, /£ UC* & T Ubiquitous-X M4 2ILEHA A
Fhox AR SE SR R RR . X BLARATRE S B Ak RGO RCER AE B AU A 0
R, RSN - L - W - RIY Ubiquitous-X MR BT VEARERTH (& 9 FiaR).

B E 2 RERIFEREE S 18637 AT #RRE 1G B 5G B ahil(s KRG EE, 3+ H A dn
K 10 AT Ubiquitous-X M HI R E#a3E. £ 1G/2G FHX, BT RAFE R —iE%E R
W, ARG TIPS, BE 3G/4G B, 68520 b AL T HE I %, 200 H 2 XA
5G BARRIRG — B — MRt (H5I N T 3 MAFEKN A S eMBB, mMTC, uRLLC, #7421 70 X
B, FTLL, 5G AT 2% s AT i AR R TR AR (1), A T8 s MAE UL L, did — RINB AR E 40k
FH-PATA. FHEF| Ubiquitous-X MEAE TN - Hl - % - R 4 KBEEXNR, FAAEIBER R E K
B H, F8 2 PG B B2 e, 1% 8 m 45 5 25 0] o 13 25284008 2 I S BIE, M
15 Ubiquitous-X M kA AEFHiFEAE. ik, Ubiquitous-X M2 h—Fh G 450, 5 B2
BOIRA 2 [MIE B B KPP S, T80, Ubiquitous-X W44 (#2448 0T LR IR A

S =kInW, (1)

Hp k ZPURZEZ (Boltzmann) W, W R RGUREEH. W BOK, WARSHEIREL, Jore Bl w
b, MR G, 4 Fr . 9 R GUE RIS R GRS 5K, TS B E SN

N
H=- pilogp;. (2)
=1
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State space

Bifurcation evolution

1G/2G
low equilibrium state,

Evolution time

10 (MEREE) ETHHGEHELHBHBENEELREE

Figure 10 (Color online) The evolution diagram of mobile communication network based on dissipative structure theory

MPBRZEN 5, 5 BT LEE & 8. BT Ubiquitous-X W42 — NERARS, LR LR
NN
dS = d;S + d.S = d;S — d.H, (3)

Hrr 4,8 R RGN TG, d.S = —d.H FRRGIMBIINR G, RIS SR BT 5N T 4
FMEXR “R7, Ubiquitous-X PR A - Bl — ) — R 4 KEEXNRBFREFEHER RS, 5
SRNG5S SRR SR 2, AR A P4 BT AS, T SR I i B A G R RRAE . (AR
SERERTR ST, N TR 6G 2 BB, 75 EAETCLIEN G M BOR Ty Tk AT B ORAR 5. Ho i
i 6G HIMEREROR, BL4E) UE Bl . MEARI RS DA AE IR [31) HhBET TR 8. ACE
FARTT Ubiquitous-X P44 3 AMZOEIR.

4.1 #%OFEAR—: Ubiquitous-X EANEFRE

BT uct B, Wit AN -l -9 - R 4 KBENREZHES R T HTFMET Ubiquitous-X M
2% DARIX 6G IHARAE BAL IR AR MR AR. Ubiquitous-X FIZ0KE «R7 K& THIE - i) - g -
IR SEMI TR b, R 2 SRS 28N AT P RS, DR 4 RIEEN RE B
Ubiquitous-X M5, «R” R E T IA ML R 2 b, 59038 SR E 0 GO S, s T
1R A 2« 1T BN 48 1 9%, LLIAE) “BE &30 BE 7R MMEAGIELE ThRE. Ubiquitous-X
PR 2 ) AR TR R B8] 5 Z Rt R, g N R E ARG S, RS0 = e o A
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Figure 12 The performance of multi-path transmission. The simulation was conducted by using the MPTCP (multi-path
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Figure 14 The routing performance based on the network topology knowledge by using GAN. Data plane was built
with Mininet and deployed on servers with Intel(R) Xeon(R) E5-2407 v2@2.40 GHz CPU and 24 GB DDR3 RAM. The
SDN controller of the knowledge plane and the deep reinforcement learning model are deployed on an 8-core Intel(R)
i7-9700K@3.60 GHz CPU and 64 GB DDR4 RAM server. When the network changes to a new environment, GAN
based transfer learning routing converges in 8.08 and 9.25 times faster speed comparing to the ACKTR (actor critic with
Kronecker-factored trust region) (501 and (advantage actor-critic) [51], respectively. The average packet delay after the

algorithm convergence: ACKTR is about 29.06 ms, A2C is about 40.06 ms, original transfer learning algorithm is about
39.64 ms, GAN based transfer learning is about 27.83 ms.
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Abstract By reviewing the evolution law and ubiquity of mobile communication, this review investigates Sixth
Generation (6G) Mobile Communication System. To support the new object, “genie” which represents knowledge
and consciousness, a Ubiquitous-X network is proposed. The proposed network is a 6G information exchange
hub network that enables cooperation and integration between the human-machine-thing-genie communication
To construct the future 6G
network, Ubiquitous-X network architecture faces three challenges: nonlinear propagation caused by non-uniform

objects and the existing networks in terms of access, resources, and structure.

propagation of information, high information space dimensionality caused by increased information dimensions,
and complex information processing caused by service differentiation. To address these challenges and offer
insights for 6G research, this review relies on dissipative theory as applied to complex systems and the idea
that information negative entropy promotes order, and provides the evolution paradigm and core technologies for

designing and optimizing the 6G Ubiquitous-X network.
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