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Abstract: Taking full advantage of fog radio access network (F-RAN), non-orthogonal multiple access techniques,
and artificial intelligence techniques, smart fog radio access networks (S-FRAN) have been envisioned as a promising
framework to fulfill the stringent requirements of 6G wireless network, such as ultra-high data rate, ultra-low latency,
and ultra-large number of devices. The principles of S-RAN were firstly presented. Based on which, the key technol-
ogies, research progress and standardization of S-FRAN were introduced. Finally, the challenges of S-FRAN were
identified.

Key words: 6G, fog radio access network, artificial intelligence, NOMA, resource allocation

TR LR (PR REFRRRIG 2 5G T MIZR I 10 %,
PR IA H] 1 Thit/s, 25 NN ZE/N T 1 ms,
WA ERHE 1000 J3/Akm* M, 4 T S28 6G T8

jilll3

5l
AR, YR/ AL, BRI 4 HE A

SEEHT Y I FH PR bR A e DA 4 TR 30 e 45 AN B
EIFREBIE K, 95200 5G FAK 6G LL M 4
(K3 BETE AR E A R AT P ARAT 1Bk HaT0, 6G

Iets HEA: 2019-12-18; {&EIHEA: 2020-01-07

2oz AR RN SERGE R, 18 )
T BRI RS B A5 BB IR R o 7ESETE 5 T
i) 6G [ &% %%%AHF&ATk%%%A

HEWE: EEARFPEEEN ESH (No.61471074); Jbatii HARIAAES B BIIH (No.JQ18016)
Foundation Items: The National Science Foundation of China (No.61471074), Beijing Municipal Natural Science Foundation (No.JQ18016)



" 4
Sl L5 5GAMS 6G R

4

M (fog radio access network, F-RAN). HEiZE
IEAZZ HEH R (non-orthogonal multiple access,
NOMA) K AN T#fE (artificial intelligence, AI)
FEARIA S, Bl K& SEE 6G P REFR bR 11 B 1Y)
I Z

BRI N M I R GE 45 R 2 ik
Jtith (baseband unit pool, BBU pool). HZh&
. Chigh power node, HPN). JG&kit i i 451 # c
(remote radio head, RRH) L J& 5515 i (fog access
point, F-AP) #J, WK 1 P, Hrr, Jogkic
Uiy SR AL G I B AL BE RS (fronthaul) 55247 FLIT
MR, SCIAET GRS ZARTH IR, &
WRAMUA &L G 5 Bae ), R &A% 5:
i WE RIS BERE ST o e D21 ) i [
RefERK (backhaul) f53kais oTibigEse, SCHLMLE
(R HE D RE .
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mOGLD B G #28 ATRE, S5 4
TN N R AE R RE ), TSI 2
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IR AT S92 S 62 L BT i 1 22 ol 55
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SR 28 4R D0 545 6L, EAT 190 28% 1) S 1k A A
ZHETRIRA) FIE N R, PRI /i A b 1%
DI PR VRN CIR7/E 81 N DU Bl D (R
NOMA #iAR. &i& Al 80K, " LAHE— 25Tt
ARG E . RN E . HOERL, N HhHy
o/ RIS | AR I I N TNV BRI AE IR T2
IS EE P S

2 KEHFK

NOMA HiAR . 2 4ETRIRUAMAC LR N TR ES:
KRB EZ LN S 6G TR M 45 E 7 & .
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2.1 NOMA

VENIE SIS RGN OER, ZHEAH
ARAVEZAH P I A A5 we s, A LA
LR T LR — Rl 2 R 2 HHEA T, A
F5: By Z 4k (frequency division multiple address,
FDMA). I} 4> Z 1k (time division multiple address,
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TDMA) . 443 % ht (code division multiple address,
CDMA) LLJe 74y Z 4k (space division multiple
address, SDMA) %. bl ZHEE NFIA NEM
T3 TRJAN ] P A J A IS /83 R/ 5 358 1 A 1 3 P 3
F ORI A PR VIR B, AELLE AL 6G
Mgk B IR S BIERE NPT K. 1E
BETT 5 1, NOMA BRI N 25 5G M 6G Tk
P28 VS AE ZHEROR o AR TARGEEAZ Z N
J3 AAAE ] ) 23 e EAZ B8 LARIEE N X O
JUAD T4, NOMA LEAH A (1R Iy /45 At/ 18 L[]
RSS2 Ao AR, A BESE TPl Bk
(successive interference cancellation, SIC) B{H& %
F I (multi-user detection, MUD) Z5H AR LA
HERTHL, W E S, AT M E R,
BRARIEAE I AE . Y K& R . NOMA HiR T2 A4
F5 T Z 5 NOMA Fli%1 NOMA .
2.1.1  #HFXNOMA

DAk NOMA AR T 1 1A% T8 a8 1 ) 7%
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NOMA 5 OMA 15 T A1)y 2 1) 3 i k) Ee
B 2 o o el s, 7EPITHT P NOMA i 54 5% (i
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TEHE SR F 1 NOMA I AT SIC £52A, el
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2.1.2 3% NOMA

38, NOMA T H F H TACKE 28 2 P
R T5 58, HRA Ry 8 e AR I S 4 Jo &
. Hr, Figitdsr 24k (sparse code multiple
access, SCMA). R LUt (interleave division
multiple access, IDMA) LU JAKRE FEY Hifd 7> 2
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(communication, computing, caching) FFYilcH
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Hrb M8 A (information-centric networking,

ICN) AR B4 St HHRK (mobile edge
computing, MEC) AR, 7873 F| i Zx M 25715 5
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S EREEGHEETT 5 (2) SRR,
TV AIG BE FE AR A2 IS SE 5 5K ) v S 280 280 70 o
s (3) z=/ZWhlRlEIE, M REFERTIN A 1) £ 5 L
Ky WFAESZBR AT N = %5 U [ E B BE T i
TERAL IR ABCTT IR, BE RN AEAL EANE], M
TR T I T IAGH PN S HEE AL T 2 3R
FHNT M (fog access point, F-AP) 2247 N &
Mo MHZAANBEMH P AR @, 2 7ET
FEAT RN 1AL G G2 A7 N AL MV BRSNS AT
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EAE. BIEBRACR 5V R K .
3.2 NOMA IitFas R

5G £ T Z 4 NOMA %, FEA4E:
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I FERD A, SN LA U LR A AR
SEMDA HLE M 2 4E SCMA 5, SR 5 P ARG Bt
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LB (2) BT s i A O I 45 e vt 1)
KIFEs>EIZ ik (pattern division multiple access,
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I 2 R P A T B Sl R 45 B — FH P I (1) B
Gt . ZEICR[10]52 H T HFT NOMA Hilh 2%
AR U R Z M PSR, IERIET 5
OMA ALY, IXWFh S 1) PUBk e . IRAT R4 R
X, ¥ NOMA {5iEIk4&1E E (channel state
information, CSD) MRBGHUXH TIIHE ML, 1615
WA TIE MG ST, — MR R AL
KIEEAL R GENERE

B, P AR T 2 NOMA AR 7 %A
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F-RAN H15| X7 NOMA, 7EH5. fifRIToLk ¥t
P2 RO, Dl /ME R S RE 2 T FERTIN 42
I HER, WET R T NOMA (W& #1 4uk
e PP R ) R U5 L T

B2, F WA R4 R 1N E] NOMA fil F-RAN
P RDE P I E B, ARAH DG TAE I 28—
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T 55/ ) S IRREAE, BB N TR RE A
F-RAN #4540k . NOMA AL T2 SR 5 1)
F-RAN (AI-FRAN) e i [Fl&E T, 75 25 41
HAE . AR REHRIOCHBIAR 3 ANT7 5K -
3.4 I

r LR, FILLEAM S NOMA I AL £
RAALE G2 6G T M 25 Bk Iy R J7 ), =
& )R 3 [ 3 T R A% B e bt 2 6G 1Pk B R K
NOMA MEERR A B2 Kk, et it — DT A 6
SCHET 2 (PER BN A I . Al 5 F-RAN
MERGER S R, T LG AL /Il 4 1) 25
B ERZ PR, AT TF 2L T ok A H A7 it R AL 2
A DA R I S R o I 55 e e, R “ B
B IE IR 2 vERe TR, R EZE T
NPT TR AT B L.

4 RERIE

HET, KT EEZ LA MIRREL R,
KITAEfFESE. R, M NOMA RV AL 4%
ARAETCLZEP 28 IR S TP AN 7 TR bR AL, A
4.1 NOMA $AR#rAEK

WAk, MO 20 NOMA J5 %, 1%
B35 A O Bt TR R T R S TR A A ) 2 ik
(sparse code multiple access, SCMA). HX4EH
MHET 2 H P =8 AH R (multi-user shared
access, MUSA). KJHHLAEH H 1R 701 2 ik
FiARLL L HANTT DoCoMo 2w & H 1) Dy 248 4
IEAZZHERAR . T NOMA BoAR [FiruEfL, 3GPP
PRUEAL AR T RE T W SURBRAEA I 18 AT,

T FALHG RSP AL BEOHL I B AR
NONA ARSI BRI e PP A 5 7 it e 5 &t
Bl b # v, 2R 2 HH R AN A4 R IX
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FEo 15 NOMA AHCI A, =200 [R5 57
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NOMA HMIZH M AL G b THiL 6G oLk
ML PEREI TR, T EEXTILA ) NOMA 1 i
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4.2 Al FEARTE T L W4 L B FR (L

WA, BEAE N LR Re e HAAT LIS T 8K
R, N TR LIBT3z 3 T 2 0.
3GPP. ITU. ETSI 12U T 5G 5 Al M5
HIWFFC H BE S . FEbRAE )T T, 3GPP E %
S AE M S EE 1) 0Hr, 78 5G bR I R
[F) 20 7. T A 21T e I 4% 500305 43 A R0 1 FH AR
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970 H——Study on RAN-centric data collection
and utilization for NR (RP-181456), T HHF57HEE
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3L T HF9ETi——Study of enablers for network au-
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WA FRUEAL Ph s (ETSD T 2017 4£ 2 AL T
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