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Abstract: With the development of new broadband satellite communication constellation, the fusion of satellite communication and 5G
has become a hot spot in the communication industry. The current status of the development of satellite 5G was summarized, and the
work achievements of 3GPP, ITU, SaT5G and other international standard development organizations were introduced. On the basis,
the overall architecture of satellite 5G network was proposed, the research and development were introduced such as networking under
the condition of satellite dynamic topology, multi band satellite ground integration waveform design, multiple access to satellite [oT
terminal, radio resource management and interference coordination. In addition, the feasibility of new technologies such as OTFS, non-
orthogonal multiple access and interference coordination of NGSO and GSO based on spectrum sensing were explored. Finally, the
development of the 6G phase of integrated satellite and terrestrial networks was presented.

Keywords: satellite 5G, architecture of network, waveform design, satellite non-orthogonal multiple access, radio resource management

1 SN, M5 G U L8yt R oAt 2

PEMAGERONHE ST SRR NS B
MBI — RSS9 ATt ARG
TV sk RO T TR, AR CIBEN - KveR” B
R CCOEEIRME AR )« “2018F2BRAH51%
AL (3(ZN) REMKMI T, m120174E11549% (36
CN) o T EMASRZ, B RASHEE K, 2018
TEWRE R o% /Ay o T 4R N I EIEN
M, FEEREO03D? . OneWeb DL K Starlink 45 114111
e, TREAEIR TR AR .

2020-10-09; 2021-02-04
PR TR 4 B TR A P 1T E - (2020-ZD-14-03 )

MIBT 515 T Bl E T e 2018 LA (5GETT
FEESFEMA AR A ) T “20304E5GHY B B AN
()27 R 43 Bk Bl .3 {2 ockn0.6 iZoc, FHHRITA
Tz B ANHUREERZ BT B dnfar 0 H]
5G E AR RSCR, iR DEEE LR,
B SRR MR 5, e RRIEE N Jcasiging
TZAEF NFR PSR B U T SR P A AR R
3GPP (The 3rd Generation Partnership Project) . ITU

(International Telecommunications Union, [E5RHL{ZHE

Foundation Item: Major Strategic Consulting Project of the Cyberpower, China Academy of Engineering(2020-ZD-14-03)



W) DA Sat5G ( Satellite and Terrestrial Network for 5G ) It
WSR2 C 2 2y T RRAHSE RO 7 A T A

2.1

M0 290 FARIT4A, X T B E 5 m A shil 5
MAE RGeS 2T 1, Bk 2k
FERMIL . SEEAIE LR EIRS (Mobile Satellite
Service, MSS) 4ldk, M/ Db ECRHIC, KufliK i
Ml E P E RS (Fixed Satellite Service, FSS) 4iild#, &
R ERPE, BTG SE s LR BEmEENEARTy
KRR, AR R Sl S rAEEZE . s
Aed oy DL E I SUS REAE RIS O N, 0 TR 8D
MERR AR Z . BUARENE | SRR Z DL o2k Bt
DR PRI S S EE AT T it o

el B (GEO) Jiifl, Thuraya DEFEEIR
ZIHIGMR -3GHRE . Inmarsat—4 R %0 K FHIIIAT-2kR1E
DA SRR LS BRI AL P ( European Telecommunications
Standards Institute, ETSI) & ARIS—UMTS hrifi 5k
T3GPP RAMESE . FEARH T2 w5 271, &AM
GlobalStarfWZS 3% L1 153 BIAG SMAITS - 951 Jy i
Ao FE20164F A G Rl—5 TR ARGIAR SR L
% T GMRIGHRIERCR, FHREOLMTH R ZE 53GPP
ROMMEA, (HR A= E 0 FIHRARIICDMAR,
AR, iR R TR AR B 2 00 A8y B AR . TR
FEIE20144F 56 53 Bl FE PR R A T2 L TEHESE
H B IHAE R GbRE R . EEDEF T A AISky Terra
TBHEAS, 5\ JHmEBRELS (Ancillary Terrestrial
Component, ATC) MIME SRR B EYEN T M =N
TAMEMAE, SkyTerra LR 53558 HIFR—ME, 25
FeOE S LR, RS Wea e, TRt
28 H, (Soft Defined Radio, SDR ) HIATFLFHLGH,
JCARR g v LATE T2 5 T Bk [A] Jogs D™

it 4 LI P T B AR IR A R, B R S AR F S S
HUS 7 —2edk g, RITK ol One W eb 2 FuflL i bk
G T HME R U (HUGHES) 7 Ml “w&iil
(Qualcomm ) 7 [IRFFEEEAM, FEmT A BERE T T B A
o & AT (SC-TDM ) , KHEESIIER T TLTERR
HEFRA RS Z UL (SC-FDMA) P

2.2 3GPP

3GPPR AL EFREN L EHIEH. Hil, 3GPP
IEAE BRAHE S R ERSGIFRIEL T, S BR167E
PHAE S 1202047 H SE b R4l . R17IFE &4

HEED, HBBTRIT2021409 HikR4s .
3GPPMR 4B BT A 78 T2 A5 S b R s i 2%
MRS, E K DEENSGHIEANTT N —, HEDE
TESGARZ MMM . HARISHT T A E 5
[HSGIIRLG I TPt 7T, R LRI
TR38.811" 5 TR22.822" AN ST, T AR T5G A&
ZibAEH A 4% ( Non—Terrestrial Network, NTN) [1J
TEHS M, HA2 T DEBARIRS TSGR B,
T AR R 28 e 0K . SRR 4 S 38 5t
FABRPRFEAE ERAL 520 DA R 5GRI I BIdE T
Tor2k, FHHIH T2 B, GRs S 2% R . T
EITEMZRE . DEYPM ., TEAGMEN#EH . T
R mAEn . DREERRSIES: . @356 10
ERAEEE . NRFISGHZ/ UM R] 15 Gl 72 [ R RS 25
3GPPIUR16[ B S EIF e T 1L 5G A G A M Al
275 B 1 S R b ] R 468 1 i D 9 58 55 5 TR I 9
TE2018%E6 AMI3GPP RANDZ: |, 3GPPHERS [ Hifie &
TR38.821", $E5 L ENARM L% M H e b AT T4
W, o T FAEEARBOS 5 GE M 52
TERE T 0 52 M i S5 1 2 N R e R BV, 3R T
FX IO 5GHEN A ZEAL N2 Hh % T AT O AR
FRTLIT 2, 20194F12 ), TR38.821 B £ V16.0.05R A,
RATVERSGIREMIEE =B B, B T AR 15/R164FE
BORE—Patngsh, KR TIAMR SR NERZ E;
ek, TSR H o 7E20194F12 HZ8 THO Y
1, 3GPPATH TRIZTBEL23 MR b, H A5G b
A2 FEEE AN 725 T5 2% (Thales ) 783k. EAR23 MbRAET
Wi i Ea Ak, (AR D Rl sk k2
PARRSEAFI N FERITINEL, 3GPPRkSIt T EM )
25195G NRESSRAUARAE TIEMTC, A PRESE=Y-5 556
MBS IR s e . T Eas . ARk 1% .
FALH T 3GPPAETR38.81 15 X K5 F5 G i #4
MM 5, 3% T GEO. Non—-GEOSZME R,
TP, fEfEH FICRE R TRa, SR, (&4 o]
K800 MHz, B IACEEINS N T (FDD) fix, HFf
[ 5 DA K P RS Bl R S 2 Fh 2 A Bk, R i
SEANFA NSRS S BT (eMBB) Y5, 3GPPIE
MINT NZi G RG2S /N Zm FIEL N 72 K2k
Mo (Very Small Aperture Terminal, VSAT) . i
FReZam AT e ey DR NIRSS , PR — A
6 GHzPL I, RT3 N1 ~2 Mbit/s (545 ) o VSAT—
WAERFRARTT SR T . 2% LSRRV &,
ey DR ANIRSS, MR Mefr6 GHzPA L, B
TTHRZ)H50 Mbit/se NTNAH5GR T W2,



1 5G .3
1 5G
1 2 3 4 5
e s5eE GEO (35786km ) GEO (35786km) Non-GEO (f5{600km ) | Non-GEO ( #5fI600 km ) %%Sf%%o gf[?ﬂﬁ
(KalJif ) ) ) (KalJifs )
. y P (SHIEs) (SHIiER ) P
i CFG—2m) F47: 24930 GHz P P 47: 230 GHz #J6 GHz
T4 %00 GHz /4T #2GHz /T £2GHz Ti7. #00Ghz
oA, BheiE TR FahitoR FEEBR Bhaie
BT A FDD FDD FDD FDD FDD
F5eih2 X 80 MHz
(i]fﬁ [k % 800 MHz R % 20 MHz $E52 X 20 MHzZ [k % 800 MHz H%g%@fﬁgiﬁvﬂﬁ
(R
4Elﬂ?§§i‘??ﬁ% A3 Al A2 Ad A2
FA P2
BlSe A2 S 2 S VSAT ( [l skfZs) ) JHP23i (3GPPclass3) | 2% (3GPPclass3) | VSAT ([aliekfzzh ) (3GPPclass 3 )
FIVSAT
B RIZR 285 1 100% 24N 100%2E4h 100%Z54h 100%2=4h FEFIZEIN
. T AJK1 000 kmvh 155 A1 000 kmv/h I 11 000 kivh IR 1 000 ka/h It 1125500 kmvh
i (I el (i) (i) (Bl el (BlTsER)
" LFBGPPRESIIH I
BT GEOHE THAKIITHERE N GEOII TR NonGEOMF N | NOWCEOR TN eniimipse (g
TR EZS
eMBB: A%, [l e, T Cohb g |eMBB: I [
Boost, gt | Npo: POREISEE, | I|eMBB: DORASRE. g oomist:, | evBB. b
SFEFI PSRRI e P 7C: I - 75)) I [ 3= B I WA o S 7)) S o} . Bl +
TN ARl NS T IR S RS IIZBIPE | LEfE . Ronhig Pus
B VWAARERE) IR - SRR
2 NTN 5G
NTN NTN
AL TR /2S RS PR IR SS & RRH 5GAEH (gNB)
A2: TSGR TR/ A oA T P N IR SS ERES 5GEES (gNB) skt TR UM
A3: A DAY AR R NIRSS Rk RRH SGHEH (eNB)
Ad: RS GELRN T 25 o ek 1 SRR N RS Rk SGHLNY (gNB) sk B UM

WiER2, FEMIRES 3 |, 3GPPIEE T B FitdHsE
B NBELE A SHihe sk (Remote Radio Head,
RRH) MREN,

2.3 ITU

ITUZ £ 5 Bl EHARR S G EI, 5
AR PR BRICER UGS 5 T L oI, e Bk (s
PR, TR R E AR ETRED, HEsheRkb LR,
ITU R3], 0 B FEFREGES IITU-T Jogk
A IITU-R XS RIS NTU-D, 51l
SR R C 2R AR 5B TTU-R 157, HAr 5T
IS ESE A IR B BRI R}, KRR TE
ITU-REA AR,

ITUEITU-R WP5D 5522k 251 F¥5GIER A& h
IMT-2020, HHE T 5G5S R ES BN A,

TEHEARE PR T rh gk Z1nG . NXEE | shrbal ., A
ZREAMERSGRLG TN M5 R H I Rpx e 5t
A RSN 2, BIRZRSCRr . RYRRE TS hy
ISP QE N SRy . NE . —BUM RS iR
(QoS) . NFV ( MZINREEAME ) /SDN (A XM
25) A mlB R R,

[, ITUER ST 55GHRE . S TR T
TR T A8 TAE, /R c&iiF A WRC-15
b, ITUWHG T 456 ~ 84 GHzIBINFARZ5GHI M
WA, NI R— 2500 T TR 55GRBnE L AT 5
PR AT AR, FEWRC-19.L, R
HENNon—GEOF N RN IEAT T80, EEkd 1
5 RE AR P A A B A AR 1 44E N SE BT T A B
DR R M 2h2s (Rl i T AR D £, e =l
BEIER, SGT A MK L IFE L KITER



2.4 SatbG SatlS5

Sat5 GAER B “H2020 5G PPP” BB & BhiTi H
TUH Bl A REIN T 20 |] (SES) | BEH R4,

SatsGIUI I A5 GIAMIRBUA TR T 5, INEksG
HE, DR T S KA S . A TE
THRIB0OA H5em, EEIF RN TAE: HEshHsen
5GK BERMFTEIR, & ARG DA 55GRIE M2 48
Koy 55 Whoe R S5GRG TR MEL 5K EH4 AT
eI ek, & XAk TR S5GR A TSR
TE S = MR, BB RORI SRR R DA
S5GRESTORFEMIE); WETSIF3GPPHICT DA 55G
R FOA AR AT T TR

JEL FAR bR, SatsGHAE T B ERNSGI S8
TS TEMeBICHE AR . BT A1 2 HHRN A 2 hE 2
NFEahih 115 ( Mobile Edge Computing, MEC) |
PIZE DAL ( Virtualized Network Function, VNFE) ##
ALy A . SGHEINFE . 5G to Premise, 5GHZ
B ERE; EE N T EMKIEEERL .. BEs56—1
IR HEAURIAIN S5 HE | Dl /NI 63 T i T T S I
FEHE. HEP) D EBEPSGRIR S /BR . BN
(B EENL AL A A BRI AT 1 . R L /LA LA
SN AT K FIVNESS A

WAESat5GHIH TR, HA RAE3GPPHIHES) [
Z I PR SGR G brAEL T/E, HHpERTR38.811,
TR22.822Z HEHRA5 . AN, 2018%F6 J1, 7E2018N0K N
gHMESN L, SatsGEBIMSER [T Pre—5GIl
AN PR 53GPPMIL YIRS . 1% & HSDN/
NFV/MECHIGEO AR, At T RIREDIHE
Pre—5G 4% HHIH S IR N AT 3800 AL A S B R 1A
20194E6 H, Sat5GHiL H FABAEFEHE A 44 TFIUEUCNC 2019
RIS G T RANEAE . SRl I AT T A
LRI ARG GINLS, S TH SR ARSI ] P f2 LG 5 ot
AL, JFEERR T5GRGM P AR SN
BRIRH,

20194F11 H, SatsGHI H A7 S L e L&
A, NG, SN TR T T
ZASGHBI R, HH T RS AT T AR . i
F A 1o 7F B AN R e 3 D B U A T i e i, UEW]
TDEAPNIHFHAAMRS: mm&hgbasitNg, i
g s Fak e, BEE AT ST AL, DLl
GEOFMEO T EN YT SR MENIRS .. Sat5G
T H B L TEOpenStackfllKubernetes A
TN DBELHMVNE, HITE T — MRS, LUE
TR AT DA R BRI DD o 202092 ), A

FEEI 2 L, SaesGlEos T TR WIS
SO AR M 215G R . il B GEO T A
%, HFESkyEdgellc B &5, MIABIR T 5GIN E HMI 4%
MISERESE R BEAN, LA TIRFEO3b AL mm & T A
SRR IS5 G B b o 2% 4 o iy B e R PO AR 71 o

AN, BRI R R T20174E3 HEE) 56 5t N &
H— A b SatISSHIH, H HFREM A RIS 2 i 1
SGHE M EME SIS UE - &, AT92 . S Al —
AR EHSGIZE, JE7Re MB BRI L#5 IS8 (5
(eMTC) st IS . % &0 T20184F8
HEBNfE

YRR AIE I R A, R LUK
SRR, T S T D1 M RGP 3 S M Ad
PR RO QT 8 v P2 ZRAL T R LA JLAS AR 4
AT AE B TR] 53 BT EhRE s ARl gk B A PN T B 2 )
RS L BIOAS JAL RIS 5 Q] S i T S R Vi L
REZ ISR

FI, SGELLIMIR A TIRS AU (Service Based
Architecture, SBA) ", R S5HEMLE AR
WTCEIRR R AR sy . AT AARE S . R RTE
I kg™ ™, fE e SR E B AT . AIf
SEHAS I S SR B X —HA, 2530k
[elFEH T anENFRI R SGIEE AR ZE . 7RI,
RGEET RO R ss . 2 /DR —A 58 B I5GELiligNBHEf
BAER b TR R 5¢ s A T SR O DR A B —
NGB, T S B S AH S A L PR 55
WA DR b, B NS S HIhAE (Access and
Mobility Management Function, AMF) | 21EEHLIIRE

(Session Management Function, SMF) DL HIFHIIIER
( User Plane Function, UPF) .

A F AT A LA 5 R LEOM# MEO &
JEE, DEAL TN AR TR 2 R Az
PR IARAER — N R ilig NBI DI REIZ I “CU-
DU” 73 B B0 BRI AN R 1 1 B sl B 2 ]
AR DR bR e B BEThRR o T A% IR 9%
Feui, B MRS R DR TR MR
K B RRERIRRR 0 7 RNl 55 it Rl
FGilT, EORIII S B R, Y5
A2 ] R AT RIS HE, A L Qo STRAREKR , Bl
e — 5 &N PSR AR EAcHe, KUPFIREAE
1Z PR 1 AT R B AR AL 5 M AIE D%k 5 T 2 TRk
JCBICE IR O B PR R e LA 3R i A T I



5G

IR AT, TRTFRGNTAENE

TR TR AL R, T 5 5 3 1 7 25 X TR AR
Z B[R] DA 2 AE SRk R DI A kg o . B L
Feuh 5 R AR OIS . HI ¢ F R 55 2 IR Zh A B
[P ] AT 2 s R 28 R i . LB M PLS
( Multi—Protocol Label Switching) PSR AR s H
s (Label Edge Router, LER ) FIbREAZHais h=s
(Label Switch Router, LSR ) . HiAIC EHSDN/R S 75
AR P T TR B, SR DR R 41 45 B AR i o
BEN AL BRER AN LER BILER 2 [RIFR
A% (Label Switch Path, LSP) o iXAPEMPLS
MISDNRUEE G S 19 M T & 24 ik 5t 32 im0
SD-WANZUG" I, AU T I NB S
O 2 TR BB IR B PR s A5 A Rl [l iR
REETT (TR TR 2 R L %% (Virtual Private
Network, VPN) i Z AT X FGETIAAE N
PR EEE PBOF . LR E R PR U 2R
HHEEN,

4
4.1

PESGZ I NBTHRR 1 R EUE , AR

PUE RSB WA AT S . 2
REFVEA—BUNRMET , Wby, R
PIN—MHEZR, e R DRSS S, gk
R R R . BHET, ITUES
EER20] S T 20 GHZ M ILDL T B B i
BT DUR A “PiIRAMarkov+LooZ 42" A, A[H]
ATHIRAG . AR5 N 2R ER A
Fo IEAN, WFLEOD R PRI E it H ik %
e D35 DA B Bl A A ) S e el

Hur, XTL. SEBORYL, B ] FHr
BEMAIR, MR EAR, R T{TOFDM/ FAT
DFT-S-OFDMP 5 &ty —EMiAxE. LLH Tl
B B, B EE780 km, H TR MR FATH R
EIRPH32.9 dBW (B EHfiRl60° il Kbt
6 dB, Zam{ifi/NT100 ), TR LT A £
£)-28 dB/K. BRI RS dB ( QSPKAI /2RI ) |
BN RE 1 28 BB RRADIRE , 1.024 Mbit/sigi 3o
FANH3.2 dB. QAR5 FE B AT AT SR 112
P ZRERREER, XPER SR XD SRR
MSGERNE A . FREL R AR ER g%
FERT B IR IR, BRfEL . SEBTTMSsIk 5%
VA FAT1 668 ~1 675 MHz, 471 518 ~1 525 MHzH|

i .
] ]
P i 24l

! i
! !
i NI2§
i
]
]
]
]
|
|
!
i [ v
| |
E | Nisfz |
; N2 !

NI i |
! !

2 i N3 : INGAN| ( ;ﬁgmng o
S B ! % & TRE,
w3 ! RENEE) i : WA .

| | BN )
| |
! MBETRL | AR
! ]
! ]
! i
] ]
I ]
] ]
] ]
i ]
] ]
] ]



SRR

iRl
o

—
SDN#Zstillis  \
\\ N

SRR

Dt

AN
NN
AN

< LSPACT

(an)
)

BEZE)

1

. !

N\ 1

1

~ :
== ! o
4& : e 2

E

1

1

. > -
a\
: l
_________________________________
i1 .
D

TR
N&E=S

L RH768 AR BER 5001 MHz,

TEK MK miiiEg, TR S is i i) 25 i
NS ibue- SR R =R RN S 7 QN PR IRP2N
T BB AHSH L R i L B0 e 22 DA M 2 ) Bz
T TR AR U . SRHTATZZOFD M3
P B TS 5 AT A SRR R RN R G AR
i, A ek KPR - e i SCATR 1 T e FH P A e
SRRV, I TR YR 2 Sl B A il PR
BNy ML, R Pl B R I B . BORAE B AT
RDFT-OFDMUE 223k 45 T —23kil, (HAE T )51
R A AT LR D VB —-S2X PRRifE 1) i 2 it 4
SHIBIESC-TDME I, PO HHAGHN I IPAPR
PERE

HRT, SGIMERZ b R S PAPRYERE,
S22 SR [23100T5T 1 A e ) I AR RS GAE S ORI LD
NI 2. Hal, HEsESAEL, Hi
OGNV AR T — g ) (AR RIS 25 1] ( Orthogonal
Time Frequency & Space, OTES ) iﬁ]ﬁ?ﬂﬁi/ﬁwo OTFSK%‘
HUKs — A AT B S B AR e - S e, AR ek
fTHeisenbergHf 3 RINIHE S . Bl U5 S5 aidif T
Wigner AR H AT PRSI AR A S Al . O TESHT

__________________________

WL RSO R, SAQAMEEE R
SR eSS | RO R, OTESIIf:
TS TS EHEE . MIMOMIS: &, A7 THEA
RUFIORAEYE, FL SO FRERh % bR S
HOHLAR G AT 290 5 S P APR LR, ORI
M — T R B, 1R S

4.2

T E I Y 28 2 R A 2 R E I — A
20208 J, H?éEﬂ—?{%?Inmarsatéﬂéﬂﬁi‘lAlphasat LB
GEO A, 5EM I H TNB-ToT ™ hrifE LML 55 1)
LRSS . VOPE Bn 2k i (Long Range Radio, LoRa)
raemER==2y) | IE el NI NAR IS SE0 e

PRV BT TR R TR R 2SN, R
o H S R RAR I 1 D B 7 2 1 S I N 2 DR S T
Z AR 3 0 R AR R (/N TRk A= E5 X )
Heif T 25 2 SR DL SRR 2t AF 1 1 A5 AR AR
THFE . AEIERR Z U NBOR P R TCRAE AL 2 A
XA — R T TR

R R E AR Z kN, ATLA
o B SN IR TR HE ( Timing Advance, TA) AN



5G

PIAKCR RS TRERTTE% ( Cyclic Prefix, CP) [JOFDM/
DFT-S-OFD MBI LI IR AR R0 o AR
LR, ATLUR THASITFS 2% (Symbol-level ) 2 Ik
BN, iy BL B ( Message Passing Algorithm,
MPA) . WIEZ 5k (Expectation Propagation
Algorithm, EPA) S FEARHIRITHL . ST E
e ML AR R AUy, T DUR TR T
A L &y 2, AE o R R AT T MR
(‘Successive Interference Cancellation, SIC) IZQJQE‘JEIEEJ
L2 PR 2RI, BRI 2 k@ (5 v P 1R
WS FE A R R — N BRI £ ]
PR R R, FTMEZIMPASSICEIL
PR A, anfef g ok i SR R R R [T
BT EIF S BIARIERZ ZHEN . Mibiis 2 bk N1
SIS ST T REMMRIR T 5

SETARERZ RN, AP P i,
PSR A TR Bk B SR s e BV, e
MRS R 0 20508 0 IR R A 5 S5 10 2 B NRFE
o4\ e R BEA L B 5 i AR AR 7 41 (0, A e 41, T
ST, RBUFIIS ) TEEHUE R (Random Access
Channel, RACH) KRAEEFE . LA H R
W B BRI 2 03 NFAE 7 AN, F P TR EAR 4
H, SRR PR TR B . I A TR
DR B R s H P T LSl A BR8] L0 R 1 7
Ao HT R 2 b NRFE SR SR S e — B
W], R B PR A S 2T B AN R R ADFE

4.3

TESGHEZE ., BRI BRI BN R 2 g —
. N BRAGRL IR (Resource Block, RB) PAMK
SMIMOAFIA I IR in i, 75 DR s, 3
W DI BHIRAE 2 RPN e i 38 o A X ME S
B9 il WY1 e ) | DN EN S 57 LA 117 5108

AT, Starlink. TelesatFFKaiiiEz 5N T AR 2
B T AR 2 BOROR 2R, HBOR AT el kT
ANBCRIERE, Oh 17 SR S XN 24 P IR 5%
N8 DAY IE e 2 0 AP | N 3 S VN = N o 2 5 4 VA
AR E A, BVEE RN AL N AT 2R R
IERE, Bl RREA FAE A O N T 8UN P8R AR
AR ORI E o AR, ES R R
TRA HehEfLEK (Hybrid Automatic Repeat reQuest,
HARQ) #HFEFRZE (Round—Trip Time, RTT)
HRFHIBCRAR T ] 17 S H s A5 AR 25 PR BOR

A3 B DA M8 TR TR] 2 SR R~ i 28 E  adt—2E i o
MR, GEORme A A AT B AE, 1 HLEk
e, AN, TEEE A DR IR R
T kIR R TR T 7 S DX, 5 AN Rl S B 43 R R
o FURANREL, —BER TR R Z A5 ( Multiple Feed per
Beam, MFB) J5 5 Ml #Ihme 2 MR a3 . b
TAHARMIIRGEIR . AP R 5 SCPRTs RARVC RS,
i ARk R (Beam Hopping, BH) AP B oRE A
S RIEA T e, FE R — W 2 2 A a] A B R —
o IR ROR BT IR, AR AR XA TR o B AL S
SGHIRE S BT —it o

TR DR SGH I RIS [E I 55— A, 7E
ity BEMEN s, MUESESHMRALEO,
GEOZHMTHE, REHEH SRR MBI, A
F DR, Bl 5GSORT A R0 2
HINGSO 5 GSO BB = 22 7 A= ONHA0 2 B 25 11y
g R R A B e T R AN TR
5 80 2 A1 2l 5 DAVE 2R AE K 28 b AR Y
R R B T TR TR, —ekaik 3 M R
e T A BRI P R E I IN7% 0 X — T ik E T A
FINGSOR G 2[RIV M E S 255 T2 2 W T4,
AP BT T30 B LB TR A v o

AN, EETHER AN GSOMGSO Tl HE AR
VLERABAREA, B Starlink . Kuiper 2 B
WRENET ok B Wi, B R BRI RS IR AR T ROR
HEhASFIE 2%, TRk, A THRE (AD) 1Y
N ICEE, BHAl, ETHRERA TSt =0
KATHE AL Sl s R A3 BT

M, DR AEAA R L I T A A B A5 5
T, EEStarlink 2B ARG SHR “TEG” W
2%, JEEHEE MR AT E FReGH e “5GHIN A

417 AR AR R EE R 5t A A R M TR T S b
JE— AL

2019411 H, FREBHESITEIL R R 6 GEORIEL B
B2y, T 2020 AN L T SRR S T R A
H— AR BN BRI 78 . ARG RS Ging %
JESRFH0~1 00065 . R ESRTH0 ~ 1 00045 DL M 2ty
BEE R T1 000 km/hEBRFE R, X F5 AT RHb— 1Ak
FORMERL T, Tk A o . SR AR, 2R
PINFI I A7 S BB TR R



FE IR R, 6GILT 20304 N ], 7EH

KSR ATR . RS L Wbk, AR k55

P4 2 RIS R S — R . st R
R, SCELNGEET . oA LRRRIN AR S5 4l
PhIRLA o

(3]

(4]

(3]

(6]

(7]

(8]

(9]

MARY M. Internet trends 2019[EB]. 2019.

ZHANG Y Z, WANG Z H, ZHANG G X. Status and analysis of
O3b constellation system[J]. Space International, 2017(3):29-32.
ZHAI J Q, LI X F. Introduction of OneWeb system and domestic
LEO internet satellite system[J]. Space Electronic Technology,
2017, 14(6):1-7.

JEFF F. SpaceX's space-Internet woes: Despite technical glitches,
the company plans to launch the first of nearly 12,000 satellites in
2019[J]. IEEE Spectrum, 56(1):50-51.

PRI Bl AT, SGETTHE2 s [ 45[EB]. 2017.
China Academy of Information and Communications Technology.
5G Economic and social impact white paper[EB]. 2017.

LIZ B, SIW L, HAN J. Frequency-offset estimation algorithm for
GMR-1 3G satellite communication system[J]. Communications
Technology, 2019, 52(2):391-396.

NARENTHIRAN K, KARALIOPOULOS M, EVANS B G, et
al. S-UMTS access network for broadcast and multicast service
delivery: The SATIN approach[J]. International Journal of
Satellite Communications & Networking, 2004, 22(1):87-111.
AL, 27, R, % DRI SIS GRS RIFR(—)
[7]. BAELE %%, 2018, 188(9):14-21.

WANG C T, LI N, ZHAI L J, et al. A preliminary study on the
integration of satellite communications and terrestrial 5G (1)[J].
Satellite & Network, 2018, 188(9):14-21.

WONG I C, OTERI O, MCCOY W. Optimal resource allocation
in uplink SC-FDMA systems[J]. IEEE Transactions on Wireless
Communications, 2009, 8(5): 2161-2165.

3GPP. Study on new radio to support non-terrestrial networks:
TR38.811[S]. 2017.

3GPP. Study on using satellite access in 5G :TR 38.822[S]. 2018.
3GPP. Solutions for NR to support non-terrestrial networks (NTN):
TR 38.821[S]. 2019.

TRUKE, #hak. FElbR DA G RED R F Bl ERARY
B, 2019(11): 41-44.

XU B Y, HAN M. Study on international standards of satellite

communications[J]. Information and Communications Technology

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

and Policy, 2019(11): 41-44.

SRAETY, TEZR. SGRLUIIR IS AU RIT )], 5 Badfs, 2019
(2):226-227.

ZHANG Y F, YAN D. Research on service architecture of 5G core
network[J]. Information & Communications, 2019 (2):226-227.
3GPP. System architecture for 5G System(5GS) Stage2(Release
16) : TS 23.501[S]. 2019.

TEAREE, 28, e, . DAL SIS GIRL SRR,
HE 544, 2018, 188(11):22-26

WANG C T, LI N, ZHAI L J, et al. A preliminary study on the
integration of satellite communications and terrestrial 5G (2)[J].
Satellite & Network, 2018, 188(11):22-26.

SR T E B R ZIPRS (HBORFST[D]. Abnt: Bt
2010.

YAN J. Research on IP routing technology of LEO satellite
constellation network[D]. Beijing: Tsinghua University. 2010.
ALI E K, MANEL M, HABIB Y. An efficient MPLS-based source
routing scheme in software-defined wide area networks (SD-WAN)
[C]/2017 IEEE/ACS 14th International Conference on Computer
Systems and Applications (AICCSA). Piscataway: IEEE Press, 2017.
WIARAR. AR E R R T 2iE B A SD-WAN(I].
AT, 2019(26):41-42

HU F F. Change the operating model of operators in the global
business market and look at SD-WAN[J]. Communications World,
2019(26):41-42.

Recommendation ITU-R P.681-10. Propagation data required
for the design of earth-space land mobile telecommunication
system[S]. 2017.

SAHIN A, YANG R, BALA E, et al. Flexible DFT-S-OFDM:
Solutions and challenges[J]. IEEE Communications Magazine,
2016, 54(11):106-112.

JI7NE. DVB-S2XECRMEATI]. |7 RS RAEOR, 2014,
41(7):97-99.

LU L H. Analysis on DVB-S2X Technology[J]. Radio & TV
Broadcast Engineering, 2014, 41(7):97-99.

ANKARALI Z, PEKOZ B, ARSLAN H. Flexible radio access
beyond 5G: A future projection on waveform, numerology &
frame design principles[J]. IEEE Access, 2017:18205-18309.
HADANI R, MONK A. OTFS: A new generation of modulation
addressing the challenges of SG[R]. 2018.

SINHA R S, WEI' Y Q, HWANG S H, et al. A survey on LPWA
technology: LoRa and NB-IoT[J]. ICT Express, 2017, 3(1):14-21.
SBERH, WHARZR, 5K BT, LoRaii /AR T2 B 1 iy
WEAEI. BANEAR, 2018, 42(9):21-25.



5G

[27]

(28]

[29]

[30]

[32]

WU T W, XIE J D, ZHANG G X. Adaptability of LoRa
modulation in LEO satellite internet of things[J]. Video
Engineering, 2018, 42(9): 21-25.

MR, DI, BRE . ARIER BB N NOCHBORITIU]. W
SLETHEAR, 2017, 23(3):6-10.

XIAO K X, XIA B, CHEN Z Y. Key technologies for non-
orthogonal multiple access[J]. ZTE Technology Journal, 2017,
23(3):6-10.

JRT 5, FEARAL THITSGARIEAZ Z A N R G I ELILRIE T[]
B BRI, 2018, 28(Z1):813-819.

TANG W W, KANG S L. Research on detection algorithm for
5G non-orthogonal multiple access system[J]. High Technology
Letters, 2018, 28(Z1):813-819.

RN, T8, KR, 4. SGAFIERR ZaHE NPT HIHEREOR
WA, oL B EHOR, 2016, 42(5):6-9.

GUO Y N, WANG G, ZHENG L M, et al. Research on
interference cancellation in non-orthogonal multiple access
system[J]. Radio Communications Technology, 2016, 42(5):6-9.
ST 1A SGIUAE A8 2R NBRILLEL ). F SRR,
2015, 257(11):42-49.

ZHANG C Q. Comparison of 5G-oriented non-orthogonal
multiple access technologies[J]. Telecommunications Network
Technology, 2015, 257(11):42-49.

PRiEgk. 5T 2 BRI R R BUIR ML), 28l
HKR, 2016, 13(2):54-60.

CHEN X J. Development status and proposals for multi-beam
antennas of communication satellites[J]. Space Electronic
Technology, 2016, 13(2):54-60.

HAN H, ZHENG X, HUANG Q, et al. QoS-equilibrium slot
allocation for beam hopping in broadband satellite communication

systems[J]. Wireless Networks, 2015, 21(8):2617-2630.

[33] Wik, Zbsg, K=, 5F. AR5 MRS fF R
PO AR G ] FIVE[T]. T8 AR AR R PR,

2018(9):833-840.
JIN J, L1Y Q, ZHANG C, et al. Occurrence probability of
co-frequency interference and system availability of non-
geostationary satellite system in global dynamic scene[J]. Journal
of Tsinghua University(Science and Technology), 2018(9):833-
840.

[34] ZHANG C, JIANG C, JIN J, et al. Spectrum sensing and

recognition in satellite systems[J]. IEEE Transactions on Vehicular

Technology, 2019, 68(3):2502-2516.

[35] TANJ, ZHANG L, LIANG Y C, et al. Intelligent sharing for LTE

and Wi-Fi systems in unlicensed bands: A deep reinforcement

learning approach[J]. IEEE Transactions on Communications,

2020, 68(5):2793-2808.

[ ]

(1981—) , HWE M FREEMATIER%
%, = LR, 9T T Ay DR s
M5G/6GRE A E .

(1988—) , HA[E AL TR EE P A T R
SEE g B LRRIE, F BEfF5T 77 I o 15 10 A5 fn
5G/6GIE AN R

(1965-) , HEBAAFRHEEMAFIRFF
WG ITOY, PEEAE TN, R R
PIA R RS, RE A AN TR .
RHb—R A5 BIMIZE



