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ST 2% 725 B A8 X 28 IR 55 TR B AR AR AT 1 SR T, AT AT, O 1 3 MR R B =E ' A% 3 S A2 K
IR 7K, ARRAOFEZNIBAE R YUK 7 200 2 N 21 EOR, 1IN RGEvcit ikl M. S K%L
Pt T REE Y o LIB 5 ARG 2, LSRR et 2 T Rl A T AR 5 BRI 21 7 22 AR FEA Tk 5
JHZRIE.

FL b, A s SR E, LIRS RS E RS A B B A, HAEE R SO R
BB T 7870 R 25 A X EEAETE A (5 h ™ AL R RENS R 55 T B 4Rl 15 MOl B A pie bk v e
2R HHE B L G TE AR BOR, ENTRMKI T & 5 R i E A, SR 2
TR RE G, (EICIEF R E 7 5 ORISR PG HE— D ROV eI a5 (54, O 1 pdx — 1), cdle
WA T LBAEHAR Y TR . JFEBE b Sl B JE R A S BRI, AT DA E
e B S AT A FSE A M AR AT B R e Y SE AR s BB k. AR, TELRIEAE R GEH
[ A7 5 R AR A A5 e 2 R B th B AT A o i R SR M AR AR, S B0A% G ) R B AR 27 1 0 A
BN R, A6 BT R G R KB ) B Al B B 5T, S 9 0 B KB (RRFAE, B2 & S 0k
AR T SR K H 7 A AR VS 3, s T2 KA 3 7).

bR, NTE TR . B RTE 5 ACBEAE 2 SIS B S, (675 3 RE 2B 5 4%
AR T HHTH— KT FUA R, S5 E, B RETC S BOR 5 A SR R R 3 K HHE (1 Je 23 15 3¢
REARFRAWA XA, —J7m, NTE S8 KB 2 AR ML EIR, X2R AL
B RERE 7T RISL ) TE 2 KB 1A 2T B, T4 R Ed WO N D RE L SR 04 T BRI AT &
Sak. B 55— J5E, —E R E G TN B R LS SR SR I R REAE O 28 P R Uy
1 18,1 T R B R TE RIS BOR U R ASCARE 7 BRI FH T8 2 KB 1) A L JR T ATT ).

ARSI 4 SFERFAE T RS 1) T LABAE BOR M Uk AT TR AN B 45, it wF 7T
ToL R H R BRI S, B TR AR« JeZe il a2 SIE a0, B REC MR HESE, feth 1R R
FITC LR 65 280, B85 T R K EHRE T AL RRIATL W  TeLe e Bl e 77 ik Bl R R R NI

2 RERBIEEMEL

2.1 SERRAFE

FETHENL AR, KRB 48— PR BIZESRI . 76k BB, 207 R ORE 1 AL g
FERRAE T HAe JVu R EdEE S, BB KEN (volume). Z2F4L (variety). BRIELL (velocity)s MME%
JEAK (value) 3X “4V” RRAE. T JG 2 R H0HE W) 2 R H80HE £ J0 2 38 15 A ) B A S5, 0 5540 B2 i A3
WERE . Mg Z R ESdE, BEERMHERH AT IC A, MR, Jog RBHE RIEIER Tz, M
Hd A= 7 o 10 A B R ERT LAAY N2ty . TELRIB A5 18 8 18 LA e To 2R N .

o P Um0 HE S Ah TR EHEAT LGB BB, WAL P AR RRGERSE. — 0T, BT S
LR BARAESS, EAa R E R EEEE, i BEE . SRS HHRNGE R4 507, %4
i 7E 56 AU AL A R T R b 7 A DR A SR B, S IR 5 B, (channel state information, CSI).
H RS TR A

o TEEMEIZE I 1878 M AME A FTYSUK £ i AR BUE K I HE, 75 S 208 AN ISR 3 1%
ORI R A SR BN, X R, B E s s E KRB, bR 1 20 L (5 240, et
Mot Ok BE T E H & THRE R IR IRCCUAEMT (deep packet inspection, DPI) %5 B jth4h, %
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A Bt th s AW IS AT IR « D aEE ) 2% s R 4.
o LN TN AR S S EARAC H S P, eATE S TR P AMEAR I B, i Y
R EAE R AT RILE L Xk LS R 55 A A 4%

PAE SRS T FO SR A B 8 3 2 5 A T B R B R EURAE S TR S 1 TR A
TEE BRI 55— R R IR AE I8 E A B AN B 5. XSRS 08 A BAR IR AR T s e 4k
W28 A, (EE ) BE S R TC 26 W0 2% P S L SE BRI RIS, AT TR B 1 S sk B T, 2w 7T
LRBAR S FE R A AT BRI 7. TELRBARER 7 BAT “4v? FRIEZ A1k BAT TC LA B oK 1 Re ik
RFIE.

o AT LB RGRA RRI A e, Horh B9 &AL B SR B AT A K E . R,
TELAE 5 HEHE 1A R A BB AS SRVPR B T A0 S T Bl BEAT e R AR AN rh it A7 (9],

o IR LR, JTCAIA T RS R R PRE AL, 1 ORAE R 1 v B A A 2R 45
R, RAA AR TE L R HHE AT e A S PR 2R

o MRFEHY: ARG A R SEAAR A 20 A B T REZE R BOK, N, 38R AR R K BT 28 g
AR AR B HAE TE AR TE et BAT 58 4 AN 18] (R e ORI [8) RUBE. RIVEE XS T 6] — 18 5 7 (1 1 4, eI AR
B 22 R 2 S BCEEE A AP SR, AN RIS AR BT A R B mT SRR AN 7 — ek, B E R
PR AR I e w5 52 L sy, i %A% P 800 U mT A5 P AU,

2.2 FEEIREFIER

N T BT REARIIER], SCHR (8] $R AL “JELRIRGE X —48bx. BUA LLFEMF A A B,
FAHAREIC Y Spya, W2 A BRHRE TR, B A T A BITCZE1RRSE LN

1
Hp/a = Ep [10g2 AN

} . (1)

HEC (1) v 2 B A A SEAAMIE, W= PEREN 0. 35 2, AT g KRB B & [ A & 2 8
KIS, RGBT A BENLIC 26 A1 Be 0% 4% 58 SR TN, R4 J0 28 B0 1) e R (B il 2 J et $2 UG 26
REHE A R B/ IMEGTE 223845 TR RR 8 o4 S BEE 78 AT 55 I RNR A, X — I AR AR A R4 AR
=

K1 ER T —Fh i TRHER E R LR AR Ve, HP e P BEE (user grouping) FTS
THE (task calculation) PRN4:. fEH P BER S, g H P RS T RIEH £ 2 NEE FAFAEAER
P, BRI A] UM i SR AR mok B FH P B IR 55 75 SR R R 20D HU LA P B B R R, R aE 5 77 =
MNER ST BAS P AR R T R AR P R T B e 2 R (1) o0 A N AE, X — i FE R R EE R A E
RHIE AR SR AR SRR &, DL B S8l kot 5H - 75 SRAR LR, Rets PR AR S S A A 21 Y 4.
(RS THE M TR TR S LR AT 0 B SLHUE S B B AR SAT, B/ MURIEE. 520 LA
RERNE. FERE . ARBEEARESFHIEEE.
2.3 ERETLEMLEHELR

SEIR T 28 X 265 1 R e A AN S 75 2 AN TG 28 K04 A 2% ) RIS U, 34 75 BET I 2 B2 YR AT 1 AL
I, IR0 B SR N 28 AT 2 A% K BE U5 T B 1 PR . R 1) A o o 6 g Rl 11 2 B S 8 DA B A [ i o 4%
FRIYE It TG 20 I 265 350 T A8 B SR 24 1) S ) DX 4% Al A5 A 2 o S [ ) g AN [R) ) =X A [R) 3l ()45 5 B
. XL AL I X 28 2 B R AR B AT IAME A St 3 BRI AL HAR R A T AT A
[F) 19X 2% - [R) PR [T A e e, SCik (7] 38 7 — MIMEREZE, FIFH B4 REds . N TR e ke a2k
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Figure 1 A basic paradigm of wireless knowledge learning (!
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Figure 2 (Color online) A framework for smart wireless networks [7]

(software defined radio, SDR) FNEA: € S 2% /25 ThREREHIAL (software defined networking/network
function visualization, SDN/NFV) 4 57 ¥4 Jo 42 0 45 4 A8 Dy B [F) (1 R BE JC 2k R 4%, an &l 2 o,
FEIX — ke v, SDN R SR A 5] FA T 24 90 226 42 Al TR0 T 0EAT 17 20 8, R BT I 2% B T %
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Portal Code

Web service Code editor
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Figure 3 (Color online) The architecture of a wireless big data platform

AT TG, $708 7 9 B & Z (R 15 B A BB TE, RETL KBIEM T R R ke 252t 7
Fefill. 7 SDN 2 b, NFV W2 et A L A S BT 7 8 G LLAGLFH L. S5, SDR
XF S ) W 2 PITARIAT RO | Do 46 2 VR EAT 1885 B2 T NFV I SDR, W28 117 [ 3 35 14 1 B2 40
B TRKE B HEE, GRS AR H - 1 R RS 8 &AM BB B EE S R SRV . N Tk g
FH P 66 808 A2 AT AT B 201 45 3 5 FRU 9 B 2% 02 B, 88 B T 2 0 2% 75 B2 4 bt 7 I A Bt U AR
R A S R O, X 7 BRI N L BE (artificial intelligence, AT) J5 VX T2 KA 34T 704, FEXT
E TR MRS R AT, A SR BETCZ 2% I FINEIFEN (cognitive access)
ATTIH BEM AL (smart allocation) P/ EDIRE. BEAb, IX —HEZLQIF P42 B 1 b TC 42 K ¥ s 1)
TEL — BEEAZ 51, FARHY, H 8 7L 170 0 2 R 55 2% 10 B9 26 51 8 FH T A A4 O 2 A &t Hh 1)
AR, TS BI7E LR 5| 2 T8 G B9 4 51 S A B 25 R IR AR IR S R i AT D B S . R AEZR 5
e UGN AR BE IS0 TC IS H PR i B, AT A2 1 TG 2 KB 1) s I RACRRALE

3 TRLABIETSE

T2 KEHE -1 & A ST 8RR AR BV A7 SES LS, o SCERZ 4 AR S 2 K it (4
REER. BT REREIE B RE. oA LR A SERE, T2 KA & i d B s 25 B
AR HE AR SLFR LT R, TR R HE ) 5 A AR R T HORIE 2 0 HLIAT B 2 R,
BT TR EAR 1 G I 75 2255 F8 SRR s B (R, ™ 42t A £) 0 2 0 IR BCRR.

K 3 o 1 P K 2R B T & 28 I, E BT AR AT B IR = KT R 4. He, T
P ARG L ER AT RARRN R (WEERERIN YR TR THE G AN OB R R,
AT R G A B AR A A T B A, T AT R % SR AR 5 A 2 5 AL AR, I 1H
PSR T R Ge (0 EE AN S IR AR AT AR A B U R 5; BT R G0 — A R A
ARG, SCREEE 3 A A7 A S R A T SELBE 7, WD BEE 7 DR s MO R R w52 T D9 22 07 B it
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NLOS based on cluster

(a) et (b) NLOS path loss-all cluster T
. . - A NLOS path loss-best clu:
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Bl 4 (MBRZE) HAE NLOS HET, (a) SEROMBRERM (b) 28 GHz SMSHIR R HFEMER (10

Figure 4 (Color online) In the office NLOS environment, (a) clustering the multipath components and (b) 28 GHz path
loss model based on cluster [19]

HEFER Y

FETF BT RE T, FATET I 3 Ml T 4 M EL KB T &, %P6 2 57070 LUEHE . gk
e 450 B ORI SO A SE VR, HEAh, WORE2E R TR HEEHR 5 1RO IE S RS, i — T
EAS TR AT VO S RF R, BR[0T 4% KRR VRSP B, b it
LRAHARFIC. 76 TE L REUR T 6 WIS T, 47748 LU Tk P R R B 0T . Tk PS8 73 B K
TELHENHAIK 3 TR IF R KRBT 5.

4 FEABIFESN

4.1 [FEERSIRE

BN 5G M Ja 5G AR, JoBim A= T m g P IRERS | Sl 58 7 SR Pk, = R0k A e
TGRS BN TE LB 3 — DA I Tl s 2 —. WAL CST 5 TR AL RE S 2 ) () s AL 2, Jd it
CST IR T AL TEIAEL, FIFH To AL R 535 B et CST IR mT e, 2 s 08 A 0 To 215 18 1
FEERK. RN ST TR A TC R B 248 AR TCAAL RIS CST Z I8 R AH SR M A8 345
BRI RUE AR, AR RIS T CSL A T HRZE BRI R CSI 5 AL ik 555
A E IR, BATITRE T R AN S EENE S5 @8, AR EENSHER I TAE.

ik [9] R T B AN (unmanned aerial vehicles, UAV) 815 A (/58 @45 7 8. 24 UAV (5187
185 @SR PRI R I AP AE 3 2 JEALEE (non line-of-sight, NLOS) K2 ke, ik,
UAV {SIE KRR BRAS BB (5182 75 J9MBE (line-of-sight, LOS) LAAAHMIF HIBIRER €. X
— R AT USSR RHR (Markov) BEARSEARUEHAT BB, I SO 2% S1 15 210 H BARME. Sk [10] &
XK AETE IR T T IR IR R B AR OB A 156, R 5 m) R ) Jld FR) READL R 2 I 471
NG A A 0 IO S, SRS I I R 2 AR PRI B A SRR I SE . I A (angle of
arrival, AoA) FIRHI M (angle of departure, AoD). % T i ZEI AN A B IAH T 1) 2 2 255 5 7= AR AR AL
RSB N, SRR BE T A AR TR RNIE, (BT 5 2 TR TE @A i, B 4(a) R TERE
HER 2R 7 g a5 R, T 4(b) MR 748 28 GHz Ml s BB /5 2 % NLOS 5t FHEUSCRE
BRI 3 MR BRI FE A,

1) “FEHEH. https://whd.ustc.edu.cn/gxpt/list.htm.
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1.0 T T T T T T T T .
(@ : : : : : : : : 10 (b) : : : : /
09k o L ETINIR DU 09}F- - o . SRR AN f AN
: Channel estimation with 48 pilots : : Channel estimation with 48 pilots :
0.8F-- - Channel estimation with 32 pilots - [~ = - =+ } -/ 0.8F- - - Channel estimation with 32 pilots - - - { < - ]} - - {
o7k, .. Channel estimation with 24 pilots [ - [ [ | ok Channel estimation with 24 pilots /.= [/ |
) : Channel estimation with 16 pilots : : : Channel estimation with 16 pilots
0.6 : . . K : : . 0.6 : : : :

0 ; ; ; ; ; ; : ; ; ; ; ; ; ;
50 —45 40 35 30 25 20 -15 10 -5 0 =60 -50 —40 -30 20 -10 0
NMSE (dB) NMSE (dB)

5 (MEIRRE) JI—UHHFIRENBRITDHEL. (a) EINUE; (b) ERME MY
Figure 5 (Color online) Cumulative distribution function (CDF) of normalized mean square error (NMSE). (a) In the
outdoor measurement; (b) in the indoor measurement [11]

BRCREZ AR BRI RSN, SCHR [11] B2 TR (S IE Y, FLHA RB AR A R {508 70 Bl
& (HEIRE. ARIETRSE) . 3 (AIXHEsh 380 M (REMUE L REUS « SIEE) 3 Ry EJf
Gy AR EE. A, A5 TE RS 2> B n] DLECHN g s CST SRIMEAFE, 17 CSI 18l 70 & AT ORI
WL BA% TR B RO AR XIS SRS HE R AR 2. e, Kias s shaSMPish o & & JF R T 3145 241 CSL
Kl 5(a) 1 (b) 23R TAEE NSNS Mkt CST MR — AL 77 iR 22 A S IR 1 OC &R, EAh,
JEMTIARLA BEAE ARG — B CST HEN 73— FRBL) CSI, X2 MR R W T ARG B M T HER 1 5
Gy M A AT AT B 112

4.2 YPRIFEEHETR

ST WA 5 TG E L AAFAE R R SRR, B 0] DA ) BE A B A A 35 B @ A A SR (5 T
b, GIEAE BRI T DU T HEBUR 73 S ) BEARSE A RAAIE. 7E3X —J7TH), SCHR [13] $R TR T RS
GHRFE (received signal strength, RSS) M) = 4ERE Gt KR E2 77 3%, T SCHER [14] W50 2k T{5 8 RHAE
A5 5 Y58 Az e . AESCHR [13] H, T AL 8 = 2R G 1 b 11 ) 00 SR T 22 A st i P i 81 1)
W g KLt 5 5 ) RSS 15 B BUR T RS2 B ARAE, AR IR 15 5 AT BERYE T NLOS 128L
LOS 8. — PG W B 0 73 RITVERE AR T 20 e P B RE J00. % NLOS 1%, HRsr54) /& 2 ml A
B SR, &a, K &if40 (K-nearest neighbor, KNN) EyE#: H F M ATk = Mo & - H -
MBI SR RAE. B 6(a) F (b) 73l &7 T IR GG A B A 45 2] () = 4E R Vb 1. 7230k [14] ,
ZIAZHL (multi-input multi-output, MIMO) {538 ) # AN N E 8505 BAE N HR SURFER ] T €

H 57 5] AR SURHIE B S ARAR TN SC 2. L 7(a) HERLBCR W A, P B T2 4
Two-stage 1) TPk RENS A Rt e ARSI, IF ELIEL 7(b) W] 11277 SEAEW ] B PR ST 4.

5 JTE&EWIEILEE

5.1 {55

{51 5 G (5 B AL A S 5 IR R KRS 5, & MR 7 S ). 22 B 45
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6 (MEIRFE) (a) HEMNEEYME; (b) EHRMESYIHE 12

Figure 6 (Color online) (a) Simulated obstacle map; (b) reconstructed obstacle map [13]

160 : : ——————
— - assification
(b) [ Regression
[ Two-stage [15]
140 -
—6— Classification
—#— Regression 1 120}
Two-stage [15] ™
g ~ 1007
E g
z T 80
b £
Z 2
= o 60F
= [}
g g
S & a0b
20+ 1
| | | | . Il I B= mm
0 1 2 3 4 5 N=128, B=20 MHz N=64, B=20 MHz
Estimation error (m) N=128, B=10 MHz N=64, B=10 MHz

BS antennas and bandwidth configuration

7 (MEHRFE) (a) TRSESBMNEMRENERSHEL; (b) FREIEM AR ENELERAE 4
Figure 7 (Color online) (a) The CDF of the location errors with different localization methods; (b) the online localization
time with different localization methods (4]

SR EE AL — SRR S TE A YRR T HE T 00 2 2K, Jev2R) F SEBR S 18 BUE YRR IE SRR &
Tl PERE. DRI, B B Hh 2 =) S LA S Aan il #5058 2 — Pl SR 4 i B A 4. A2 ] WoBA B,
H TG 7 R P, 2 om BRI A5 5 0 T- MR 45 PN 2o # 3 A BURK, BB 75 78 70 ) S a8
TE R AEGIBAE H 38 =5 SRR R I OB R R . STk [16]) DL B SR B 44 St AR 55 45 UfE 5
s o, iR 0/1 T T S S IR N SR = AL (support vector machine, SVM) H
LN 55 2113 BRI USE SR 5 RIERF 5 Z AR R, 458K, M T mBnHER (Gaussian
approximation) I{E S AL, BT SVM {5 Sl a8 A HACM A A ML=, E— 2D, SOk [17]
P X K AL 2 (bi-directional long-short term memory, BiLSTM) #Z M 4% H T @It 24t
0/1 Frstaiiteae. K 8 feon 1 H & Im A T 521 1 75 I B A ST W S S 4 R AN [R)45 5 Aar I 77 vk
BB E (bit error rate, BER). I LLE H, TE&A WA M 2644 &, 25T BiLSTM 7415
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8 (MEHFE) —MRHBEEFEENERRLESEM BER '

Figure 8 (Color online) The BERs under different receiver locations for the second-order reflection communication (17)

SIt) BER SRS 24 AL FUG B0 2 R, G T3 RGEA LN Volterra 050K 5 7785
f¥] BER HRfK.

AN, SCHk (18] ARSI IE (S (ambient backscatter communication, AmBC) #1381 24
W HIE S AT RS, £ AmBC RGN, [ B I8 I K15 5 8 H BI85 rh 1SS 5 A%
S, BT HERBLE LRSI RS 5 1 S5UE BT (ETE v, ERom R 2 s S B & A s 5 5
e BURA PN RAE S, AL G RIARM TR TG &, WREERI (energy detection, ED), 2324 [ 4
Bl 20 55 T B BRI 7 A P B A VE R RE IR 0L Oy TR TR — iR L, SCER [20) SR T IR TR AR
Wi, IR SR RG0S O AR R G AL A A, SEI R TSR S AU LS. SO (18] 4R H T b
WA BB EHE A 5 BB SR TVE. B, SRR B B il 77 =0 0 SO v SR IO,
ST e A AR A 2 12 RS P AU R IR 2 550, 85 RS LR I B 15 5 5 hn 28 e
SEREAT IR, BEARIEARZE UL HC 25 I R BN e R IR 5. X —J7iERON CL-LUS
(constellation learning with both labeled and unlabeled signal) 577%. & 9 Xf b 7 CL-LUS FHAhRJL
T SR AE A7) B SR B B 0 S S R A S M EE (signal-to-noise ratio, SNR) T BER 6, f14% ED.
CLAMEIE T BRI (optimal detection, OD). 44t Standard GMM-based EM 577 151 D)
J¢ CL-LS (constellation learning with labeled signal) Hy%. HH1, CL-LS HiEM CL-LUS HiEKpL,
{EACM T ARICAE 5 R RN S AE 5 R AR 2 o (R A 2 B0 IE R B R AR LS 5. AT LR 2,
CL-LUS FERIMEREZ LT ED ML S R HE, IF HAAF T CL-LS Kk XUH] 7 CL-LUS Hikfe
A ARG 5 o A7 72 1 B 3 A S Ik B A 12k g

5.2 BI&EMN BG4S
H & M i il 4 (adaptive modulation and coding, AMC) J&—FRARYE TC 2615 IR A KB 25 i B
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10°

BER
=)

—¥— Standard GMM-based EM
——HE—— ED (Perfect CSI) A

—o—cuis N

—¥— CL-LUS e TSNO N\
—O— 0D (Perfect CSI) [ T N

10 1 1 1 1 1
20 22 24 26 28 30 32 34 36 38

SNR (dB): 8,

Bl o (MEHFE) BER BIESHE SNR 8. TN (RIZHMESHAESERA QPSK iFHA=) 8
Figure 9 (Color online) BER versus direct link SNR B4 under the assumption of QPSK modulated ambient RF
source [18]

il A bt 77 SRR S 77k, DA A3 I8 (5 B % v] DARF SRS ] SE R i B S 2. AR, AMC IR
T TERIA BT AINE B, ] 40>k B HAth B4 I RISRT-P0. T840 o2 558 1) J s il /& A3 m
DL H) AMC $2F-1ERENE? SCHR [21) [BI2F 173X — [ @,

SCHR [21) R T —AMNEI SRS, AR P AR R R P BARIE LR, A P
NATE I 5 BEARG 2 H, B R B0 3 P A AEAR SN A2 RS R SR, bR AR A
FERZE, H P AT BE > AR b AE 32 F P AR I e N R — S0 AT A5 4, 5F R P AR T30 BT H
FRAE Ay TE) B 3 3 P AR S i 1), BT DA 32 B P AN RE AP B 345 8, JF IR AL S Sems. ik,
IREEBERI S~ 2] (deep reinforcement learning, DRL) #H& H H T4 v B 6k 32 P IR I Tl
T, AT &S R R ) i D T7 %, iR A P AR R . K] 10(a) T EER TR, £
TN HIE ST, DRL AT DU 32 B P A% i 30 el 56 6 A 2B T Il Bl iy se AR e g, HLEE oA
& 50% ~ 100%. ST HRMGEAR LS, DRL 1 BERE 22 T e DL BEAEAH bE HAR B2 A75 47 A0 24 K
PEREARZS . XUEM] 1 25 IRB I AMC R] DLEE f4h 27 =) Jo 2 PRI B B A8 P I 38 0 P P 850 38 1 i B A%
B RS

5.3 ERMEA

BORMIEEARMA] T 2 REFEE 5 BN, 381 BEAN[R] A S5 R L RO S A 2 A5 2 7
AL RIS S A3 B BB AR, 20 5 19X 2% 24> 15 3k SR A AT o Bl RIS 00N, T3R5
O R AR A — AR L AT AT B, BB R BT 2 A el R R R SR R4 il 0 83 1) O
T b e R AR RE 2223,
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10 (MERFRE) EEERLER. (a) MEHFSTHTUDR; (b) HSTREXZR (BhEMEEHZLLAET 200
MREREHMERB RN, HASKMEE 20 XBENIRKAMTE) Y
Figure 10 (Color online) Transmission rate comparison in (a) a quasi-static interference scenario and (b) a dynamic

interference scenario (each value is a moving average of the previous 200 frames and each curve is the average of
20 trials) [21]

AR, LR IE BT I 2% v K T Bk AT P [R)BCR B B BB AL S 1 T VR AE A 4R 42 /) CST
JE AT B AR A SR SR AR AT B A JE R R & R, X R th A SVE A AE T
SR FE AR = B 1) R, I FLYE SEBR R S8 i DL K I $R15 45 J) CST. N 1 384 LA b 1) B, SCHR [24] 42
T O B 1) o AT S RROE 77 %2, FIA DRL LR35 58 65 A Wb 00 U A0 23 A1 B S 28 855 4K
8 408 1 1 U A R R IR O i, A7 AR RIS 7 R e S P 7 OB TE A5 8 e = DL AT B A
BB 1L R TR T R R R, Hd, WK 11(a) WTEUEH, 25T DRL #9010 i R 77 %
FE57 SRR T AN B i SRR, PEREOL T TR SR MIBEAL TS 8, IR T Rt ge sk vh 07y s0Ai AL
(fractional programming, FP) HiEMITERE, HANAAE—E Z 05, Kl 11(b) MIBEEE 1, @it e ki 1
KRR FE (BI85 N 0700 AR AE D 32 B AR 77 1) R DR SRS B2, BB ORI L P 1 SR
FE#E), e Tr R aeim i i g h AR AL Rk P e

6 JTEIEAKRKR

6.1 ZHUHEAN

VERNAR R IC L IB 15 1Y B A B 43, HL#s2RIE1E (machine type communications, MTC) A ¥
R RN B NRE i, X 5 A GRS FER 25 A IR AN R BRI, anSRAE MTC AR TH R 1
I 73 B 7 S5 A% 48 (1) TR A2 22 1k 42 N T X2 (04547 Sl (1) A% B Y5 T I P2 0R Bk . S2ia )72, A AR BURE
FER) MTC ¥ & B R 3E 1) B /N @ 3 B LU R N B AHSGHE. it STk [25]) Mg REdE 1)
AR, TR AR SR TR 2. B, BTG MTC @& Sl R BEIE D A%
BAMUEERERE. T8 R —ERERN MTC % 4&, B0 D7 2 R IEEER A T o REuE AR
IERE, JEHE LTI AN [R) 150 48 OB L R IR Y. $e, a4 I8 5 0 A i A 2 AR s L R IR I
FEAFEERE 1) MTC WA AE [F]— I ZI R AH B R A, AT AMBE 2 T e stia i s 1 A 2.
Bl 12 Jeon T AR EE IR BB, KPR 12(a) JBAR T 3 A2 P EAS R R B EE AR DG (B
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vi
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B 11 (WEMEE) (a) FRIFEFINTEHLAREE; (b) iR DRL 5 RUATFEIRFEEE SRR I AIILERSE
(Bl S MEHB2UAET 500 MEZIHIBIFHEFRITEL) 24
Figure 11 (Color online) (a) Average achievable rate of different approaches; (b) average achievable rate of the proposed

DRL-based scheme with different sets of available actions (each value is a moving average over the previous 500 time
slots) [24]

Ul t3 2 15 t6
u2 6 t6
tl 2 3 4 t5 t6 o ©2 13 t4 t5 16

(2) (b)
12 (MEHFE) EHSUBENAR. (a) BEMNBRSIERIAT; (b) BERNBIRAIEHMITT 25

Figure 12 (Color online) Demonstration of the proposed scheme. (a) Before adjusting; (b) after adjusting [2]

(AR THIK), B 12(b) W%t T VB ALAAINR 5 045 R, 7T B thik— 2 HE BT RAEWH
R A ) T4

6.2 ZRFSIEREAN

I AR B TC A T fe R D BRI, T A ] R 3 B2 H R JCZIBAS R G FIE oz 1T
A AR, BT R I ZE R, [ 58 23 e R TOVE AR 2R e S PR R AT A 4, AR T
SV R P 20 A0 R 2 BE A N AR . B X G ] A 7 2 PR 0 A, REAVE SCHF Bl A HR NI HRO A RN JE 2k L ¢
ARIEFERRE T T2 R E 2O

FEFE NI 2 1, JCLRIE M5 R G0 S B0 BEAT RS B 2R, BRI A& 75 IEAE i HoAt R 4t
L B HAl IEAE AR S I R SGUIE R TP, AR ST [ R im L B [EE R AT A,
HAEREZF SNR HR5F R R IR, BLAh, XEeAE G075k 5 TR HE S (Y, 10078 SEBRIR T th AR S 15
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E 13 (MEhFE) =, 28 IRXREZ. 100 PME#ARLKL SNR A —15 dB T, FEIEABEIN ROC

Bk, (a) KRIESWIFEST; (b) KRESHEEMRXME P

Figure 13 (Color online) ROC curves of different algorithms under Gaussian noise, 28 antennas, 100 observations, and

—15 dB SNR: (a) i.i.d. model; (b) correlation model [27]

SHATREFI G UL, Oy TR Ll BRI, SCER [27) SR T O DK S B e RS IR T =, 1 B
J£%%>] (deep learning, DL) HAR M JFIRSRIE S K IR ZHRFE. BAARG, BRHZME (CNN) #
T A BRSSP 7 Z5E R SRS Bk I S vk B A2 S AN Zhr, MITZREE v] LAUITZRAS B4 4t
T, A T 7 A5 sk DU AR A48 R AT A L ROAS I B E N SRTE BUR, 153 B2 k2% 7] DL
MR EN S 5 S B B2 R I G - AR I R B SEIRAE A . BT 13 BRSO SR AR R ALE
(receiver operating characteristic, ROC) HIZA] A th, TR & IE(E T RMMASLIF /340 (K] 13(a)) i
FAAEAHRTE (B 13(b)), X — R RS B 7 Rk I T G 50%, W RFHEEAN (maximum-
eigenvalue detection, MED) H & 8 J1#& M (blindly combined energy detection, BCED). W /7 Z 4
XHE (covari-ance absolute value, CAV) 532, H Hi&ir LIS TT B 7 Z 56 FE T IR B AR fI A THAE S 8
(estimator-cor-relator, E-C) 52,

EESRATTE ISR BE RS AN 2 B e 5 A 15 5 IEAEAR ), (H 2 & oVEn A0 B Ak S R IR B HEA T S v o0 i
S RE LURH 2B T e N g BEAT 3. IXAEAE ] AU S5 BAT A PR N ZOR A0S I e A L =
L 281 SR [29] LA LTE 15 RSN AN I 5T 17X —in 8. i1 Wik &4i2H
BIAE FHARIRABUIE 1) £ R G, LTE RGN ARRBUIIE T 28 WiFL R GR35 )
KFE, Gt 255 K WiFi M5 A 23 Wikl R4k E . BAAKSL, LTE Rk T
SN, R PR . BRSO . Oy T AEGRYT WiFi RG0S0 & 1 RN i K4k LTE
FERTR R, DRL 48 H T DSOS S0 DU e (= PR AT i [ B2 45 ) HEDN FLSE WiFT RGui &I
T WiFi 2tk MTTEES ST LTE RGNS E: \ 8) 32547 B B A AL

6.3 EANZREERE

T IR 25 PR B O T R GTRE 7S S O P R LRI i B, SR 1M, 4GS RATHIEA B
VR E DA IWHIA) L B, A G A A 2 I BT, AR AN BHUR A C B ) AR — A e R R IR R B I
AL BEA, Fe LS WAL SN AN AR ) I SR AT, R Tl e R Ge s 45 7 2 K e st
PERIE 2 S BAF N SCHE, IX W45 Rt N B IC B R R M. SCHR [30~32] Sl A Je 2 K ¥t
205 I R G B AR R AR 2 TF4, AT i RO SR AR N DR 2 1) A

SCHR [30] 421 7> DL A1 DRL P o 55 (1l 5 B AN B U) P iR L. BAAdh, DL 734 A
TR A RUBE b Fe) P i 7 SR O F S i e B BB LT R H 70k 5% 75 SR AE /N ek 1) RUBE - iy 5%
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Figure 14 (Color online) (a) User traffic prediction error by DL; (b) comparison of resource utilization ratios [30. AC:
actor-critic; HRSA: heuristic resource scheduling algorithm; DTI: decision time intervals

R, AE# DI R A HE S 202 (1) DRL 247 /NI (] )RUBE B 7E 28 SRR B . 4R 4R R
WA FE 7 15 A AR I A B 2% B DL SR IS SIGE FiE , {2 ] REAE W I A B 22 3R A5 — Lo 22 1) 5K
W&, JF H IR v Redta). Bk, v LOE % DL A1 DRL B AF Y sk B AR ) B 248 v S ks
FEFM L vERE. B 14(a) 78 T DL T 7 R R SR IO A 22 07 B, nT LA B il 28 SR & B4
HAP. WE 14(b) ATLAEH, 54K Q =] G EIEAHLL, FrHg 008 5 55 U5 14 FE 5588 (intelligent
resource scheduling strategy, iRSS) AJ LA &EAR 8 Hu xS BT I3 47 = 2R .

BEAt, SCHR [31,32] 2E T DRL XA R IEIATECE. Hrh, STk [31] 7T 1 i 53 20m B (device-
to-device, D2D) W4 H1 MBS AN TR BC L el L. 26 TG Mk 1, D2D 80418 % 75 222 HIAT BR fr) e 5
B RBEATIEAS. Kk, D2D a4 7 20 s A58 LR AR Dh R BT RS B B AR AE, 75 2 A2 A
AR SR T, X — IR (5 TE A S Th R Pt ol il i — AN R FE A= K] NP-Hard i), H /5 243115
EJREEE S A BERM. ik, fEE S —Fh A N SR EAEZE, k54 D2D P B AT
RE ST M RIRBC B k3. /E4 D2D I F, DRL @ Hr AR ) S5 8, i 21 8] H
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5 IR AR/ TR B RSB 2. S50 ML, Frid B Eis B a
BT TT T A RE IS RAF R AT Y e dt. STk [32] WATSE 7 MTC H R ARZESHEYL (discontinuous
reception, DRX) H &N i FEALE]. DRX 5 —Fft i HIVE o 28 55 Skl e 42 LIRS 245 RE H T ROMLA. %5
T MTC LSRR, AHR ARFE AN 5 R 22 7 thARHK, BEI R A48 DRX B2 &E RN
IR HAERE . i, 1 KA DRL X DRX J&IIBEAT & B B, o 2 0 AR AR IS [R) & HE T 2 B
PR 5 A . FLpAHh, I TRIB 70 B AN IR R) 7, DRI 2% 23 [ S TA) 87 P Bis i ) e v A, 285
FEAEAN IR [ B 2R Z 160 52 24 AT 18] T B AR K DRX Y, JRREX A DRX IR - 4 i
) B Y 2K IR B A Bl .

6.4 FENTTRIET]

TN AL 15 3 22 A Fk il (BN ) 15 578 a1 3 — N SR BEAT HEN 1 ) i@, 0
X N R A A SR R i N AT V)4 A AR AR IR I AR . AT ISR i 78 24> F i rp i ik
S REAT B ) G PR B N il JL FEAR GER B NS RINLE b, P B S R b R S T
i, B 75 EAOR I BERR PR A B L. ARl B 15 A LA R P SR G ), AR S VA
Sy FEH L, G AN AR SS BT R T R R, 7 ZE5E R A T2 4 R P B s K 44 i
AN TERE AT BN HIMLE] 8334 TR K st ix — H bR it 7 AT AT IR 2.

SCHR [35] LA UAV P28 9], 32 1 — T e 8 0N AR SR B RS 28 RS A I 2 FR) e N4 il L
fE UAV %, UAV 3 045 R 25 2 5 B A TR B 54t 0 T AERRAENR % I i 10
SABERIYI, H R B A UAV JEBEARR IR S5 68 T BEAT 7. Dyt 2 KAEHEIZ (long
short-term memory, LSTM) #H1£2 /%% ) DRL Sy%4 52 H FH T4 ATt i P 422 0S 5 B R ikl 422
NREARA. BRICZ AN, STHR [36] AITFT 1 22 K IEGHE 2 A ide &3 I 465 o B P 3 N2 ) i . A3 oA
AR, P SRR UG 5 U HAE 2 Nkl 2 (8483, B A A% 4807 1 o 5 SO S 4
FRSS .tk VR 53 A 0 2% i SV 250, 0F o9 8% mh bk s XSt e AR R AT 1 S B
e, SRR FEH P AR SS B RS i S B (5 X 8] 5 (upper confidence bound, UCB) &k 17
FEub e, A NSHI T R XAy SMART Sk, AE 15 i s Rl LLE H, AN F B H
PIREEE L, Frif ) SMART 5%k 55 TAL4HE 2 (rate-based handover, RBH) PAf T SINR
(SINR-based handover, SBH) HIVI# A L, 7] CLSZEL DI R £ A 205K, H HAE R G mnk s -
PZIE SBH &k

N TR ARG RGN NERE, A SR ] DL SN R E R TS
fh. SCHR [37] VL= )2 a8 s W48 ], SR DRL SR AR VLI fI0 Ak 328 N 45 il R0 5 0 IE BB A 7 A e
SR B 24 R N 1) o . AR, DRt e 0 P A R P R A HUAE RS IR B S W &, (645 F P AE
BEAT HEN PLSEIS AT DL ) 2% BEAR () S AR BEAT . 5 1A% BVE AL G TR, X — T RIER SR
B R LL ST BN R A5 7 T BEAR B B35 iR REL A

7T HERIE

SO GEAMEAE T BAMEIL & 5 ST KA il (5 BRI FEt fg. 55k, JA TR JoLk
AR AR I REE Ak 55 T e S AR I R0 S SONTEE K EUE, 0 To 2 R BRI AR AT
T4 KA, N T IERNIEE KRB B R AT B AT 2 e RO S SR AR AL, SR T AR (1 e 2 iR
NG BETC L 5 AE LR, JRA T s I, BEhli . 2 HaE . — R o2 R BT 6. /A,
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Figure 15 Relationship between the handoff performance and user equipment (UE) speed. (a) The number of handoffs;
(b) system throughput [36]
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Abstract With the popularization of an assortment of mobile applications, it can be predicted that future
wireless communication systems have to satisfy increasingly demanding service requirements, rendering the de-
velopment challenges to wireless communication technologies. On the other hand, applications of big data have
gained dramatic successes in numerous areas. It becomes the focus in both academia and industry how big data
can enable wireless communications. In the past five years, supported by the key program group of National
Nature Science Foundation of China, we devoted to investigating the big data-based wireless communication
technologies and exploring the new theories and new methods of applying big data to break the development
bottlenecks of wireless communications. We define wireless big data (WBD) as the big data that are generated in
wireless communications and meanwhile can assist wireless communications. This paper summarizes our research
and practices. Specifically, we first analyze the sources and the characteristics of WBD, and then correspond-
ingly propose the paradigm of wireless knowledge learning, the framework for smart wireless networks, and a
cross-region, cross-institution, multi-role, and unified platform for WBD. Finally, the big data-based wireless en-
vironment analysis, wireless transmission and access technologies are developed and examined. This paper aims
to provide the fundamental theories and application paradigms for the further development of big data-based
wireless communication technologies.

Keywords wireless big data, wireless communication systems, intelligent networks, resource optimization, ac-
cess control
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