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Executive Summary

In the past decades, due to factors such as technology and market, ground cellular
communication system and satellite communication system have developed
independently, and have made brilliant achievements, which has promoted the great
progress of human society. In the 5g era, through the gateway connection, the satellite
communication and the ground communication realize the interconnection and
intercommunication at the business level and complement each other.

However, in the face of the urgent needs of future wide area intelligent connection
and global random access, the continuous independent development of terrestrial
cellular communication system and satellite communication system will face great
challenges. Driven by the rapid development of emerging technologies, building a
comprehensive space-air-ground integrated communication system integrating space
networks and terrestrial networks to achieve unified and efficient resource scheduling
and network management and control has become the development trend of future
communications networks.

This white paper mainly elaborates our thinking on space-air-ground integrated
communication system from these four perspectives, including development drive and
the vision, demand and challenges, three-dimensional integration network architecture
and potential key technologies. Firstly, this paper analyzes the dual driving forces to
promote the development of space-air-ground integrated communication system, and
describes the future vision. It puts forward two core elements and three typical
characteristics of space-air-ground integrated communication system. Then it combs
the network capability requirements and challenges faced. Finally, it discusses the
network architecture and potential key technologies of space-air-ground integrated
communication system.

1. The dual driving forces

The development of integrated air-space-ground communication systems is driven
by both business needs and technological development. Business needs are mainly

reflected in two aspects: wide-area intelligent connection of all things and global
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ubiquitous seamless access. The innovative development of satellite technology and
delivery technology provides strong support for the construction of large-scale satellite
networks in the future. Al technology and communication will be more deeply
integrated to solve complex heterogeneous communication system problems. Block-
chain, as a highly potential security technology, provides a solution to the data
transmission security problem in an open, integrated, heterogeneous air-space-ground
integrated communication system.

2. The vision

The air-space-ground integrated communication system is a typical 6G
architecture. Its vision is to meet the needs of wide-area smart connections and global
ubiquitous seamless access ten years later, establish smart connections and provide
smart services for wide-area objects. Provide mankind with global uninterrupted and
consistent information services. The air-space-ground integrated communication
system has three typical characteristics: unified air interface technology, unified
network architecture, and unified intelligent management and control.

3. Capability requirements

Compared with traditional satellite communication systems, air-space-ground
integrated communication systems need to have more comprehensive capabilities, not
only traditional communication capabilities, but also computing capabilities, Al
capabilities, and security capabilities. Among them, communication capabilities are the
basic requirements for the future development of 6G air-space-ground integrated
communication systems, and Al capabilities are the core capabilities of air-space-
ground integrated communication systems, including five abilities of perception,
learning, reasoning, prediction and decision-making.

4. The challenges

The air-space-ground integrated communication system has the characteristics of
heterogeneous network, highly dynamic space nodes, time-varying topological
structure, extremely large time and space scale, limited space node resources, and
vulnerability of satellite broadcast transmission links. The design of the architecture,

satellite-to-ground integrated communication system, and inter-satellite networking
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protocols put forward higher requirements.

5. Network Architecture

The future air-space-ground integrated communication network is a three-
dimensional hierarchical network based on the ground network and expanded by the
space-based network. Each constellation satellite, adjacent space platform and ground
node jointly form multiple coverage. The overall network architecture includes three
meanings: physical architecture, logical architecture, and implementation architecture.
In terms of the implementation architecture, drawing on the idea of micro-services, the
air-space-ground integrated communication network adopts resource virtualization
technology to realize the satellite-ground integrated virtualization of the access network,
the bearer network and the core network.

6. Key Technologies

This white paper discusses the key technologies of the air-space-ground integrated
communication system from five directions.

(1) Wireless transmission technologies

In the air-space-ground integrated communication system, a new type of carrier
modulation technology must be developed to counter the nonlinear characteristics of
high-power radio frequency devices in the satellite payload and the non-ideal
characteristics of satellite-to-ground link transmission. In comparison, SCMA and
MUSA will be potential multiple access technologies suitable for integrated air-space-
ground systems. The deployment mode of large-scale constellation satellites will
provide the basis for the application of MIMO technology. Through inter-satellite
cooperation, a virtual multi-antenna system can be established to realize multi-satellite
multi-beam cooperative transmission.

(2) Network technologies

The development trend of the networking protocol of the air-space-ground
integrated communication system is to learn from the mature TCP/IP Internet protocol
system on the ground, and gradually unify the various protocol systems such as DTN
and CCSDS into the TCP/IP-core networking system (IP over X). Cognitive

interference coordination technology and dynamic spectrum sharing technology are
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effective means to solve the contradiction between the frequency resource gap and low
utilization in the air-space-ground integrated communication system. Realizing the end-
to-end integrated air-space-ground network slicing requires research in the areas of
network topology prediction, artificial intelligence SLA guarantee, and integrated
virtualization of the access network and core network.

(3) New satellite payload technology

Faced with the challenge of highly integrated space, air and ground
communications in the future, space-borne multi-beam antenna technology will be
closely linked to the system working mode in future communication satellite systems,
and will no longer be an "independent" antenna sub-system. The intelligent satellite
load will be based on the computing power and reconstruction ability of the software-
defined load, combined with Al technology, complete spectrum cognition and network
cognition, perform business prediction and resource allocation, so that the load has the
ability to independently respond to business and traffic. In the future, on-board fault-
tolerant design should adopt a technical route that combines high-efficiency fault
tolerance of functional modules with system-level fault recovery.

(4) Converged terminals

Ubiquity and intelligence are the key features of the air-space-ground integrated
terminal. The open source deep learning framework that adapts to the heterogeneous
computing capabilities of terminal chips and lightweight edge artificial intelligence
algorithms are the basis for terminal intelligence. As the core component of the terminal,
the low-cost flat-panel phased array antenna has a direct impact on the successful
commercial application of the air-space-ground integrated communication system. The
cost of the terminal phased array antenna is closely related to the chip process
technology.

(5) Application Technologies

There are a lot of multi-party collaboration scenarios in the air-space-ground
integrated communication system. In the future, multi-party collaborative services and
resource sharing will develop in the direction of decentralization and intelligence. At

present, there are problems of separation and insufficient degree of integration of



SR — R UBERS - JosEficdo ol

communication and navigation systems. By means of low-orbit communication
constellation load carrying, integrated communication and navigation design, and
construction of low-orbit navigation enhanced special constellations, precise single-
point positioning, safe positioning and timing, and anti-interference can be achieved

Positioning and other functions.
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ARSI N A 2 BB R AR, SRTM OFDM 4 T4t 40 BUk, Bz
(71 s A 7% 5)) 3 BT 2 2 3 e (8 L AR I [F) 0 AR BN R A s Hoik,
B DTRCAR 2 A 1t R 25 hn el OFDM & T bt (PAPR) FRISEM; [RIINF, OFDM Hr
HMEING, it D AR A 2 AR Sy BO AL S Re ) R R — AL
WS RGH, AR BT BB R RI R, LAt T2 8 iR D S S 2
IR R DA % 2 e B A i P AR FER AR 1, BT B RGBS BE A AR
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GEE a0 T BTN . FES 0, AR A ) 3k 541 1 Je 220 SRt A AT S B
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HUH ) CP, FAFHEUUTH, ARG XU I BEAT XM, T RV (B TE XS 5 5
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VB LI N 56 il e i L 25 (1 1]

iR IEARR Zhk 7 2B G R . AT, A5 R IR R N IE AT B R R, S
ZH P2 s, sy 20k (FDMA) o IF4» 22 3k (TDMA) o %43 22 11k (CDMA) « 2543
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NASA Fr TAEHRI bR, BEAE TR WIS R R AW &, ARRATUR &
U AT SRS A i T UL £ 0 PSR R T KK 100Gbps, YA (1
o AR AN V4 ) R E R R o LIRS, R R R A R A R R
T RRGH T FEACEE I LE R FH 2 % s {8 FH 2 () B P LA 57 58 4 S T3l
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PREARGS. 0 “Milstar”. “ABHF” PR RS, &P TEMRM 2 &G
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VI 44 P MR B 0 £E B v 44k T2 R e e R R b, B L ) R R 1 %)
BR. BRI IREERAR . BB RS0 BEAR ST T T — K50
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HE LAIE I 1 0 = 8] 1 s BRI = BT AR R M R AL RE T -

KM BEBA S = OB AR Y BG L mARR. KA BUN,
AL DR IR T B W R, ARH IS G R B A S A, Bl
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O E . Hok, AR H KRS R R
(Semiconductor Intersatellite Link Experiment, SILEX). TerraSAR-X L
A5 NFIRE PAEMTLEERE . HATREKEAE 6 51tk (Engineering
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ANENEE. BAR KA TETE L A B3 15 B R s 2% b BT &5 Ll iR, A
&, POCTE R SUSTE AL, IR 8RN R A I S8 2 o 38 A o =
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KK PR o R Wi 2 sl DU AERDEFERAR S

dhAh, ERRERETSE Gh, B PEFEIRNE B, Wit 28
WOGIE (S e i 25 M PR B0E R, CREFI . A28 HE (5 P AR CBE R AT 7 2 A
P R A (PR IE R T T, WORIEAE 2 — M A e ML 1Ak
P, Aufi— BRREFD, SMERERKEIUE. TUERES B RN IR 2450 .
FIEEHL AR, XA s R T KA A s T R R R EE R, RRERORAE
[ PR BEE EHARE FU A b, DR KA dr . @SOS oA T

5.2. PIZER

5.2. 1. BEIAIZHMEMY

IR 28 WIS FRIBE 15 08 2 e S A B 2L ) P e o T S B 1 0 81 o
B e o TR 4 R U LA SR, OB SR A SR AR . HLRT, R4
WO T, M EEC E LT T LL TCP/IP N MM UA R, FARAMNT Rk, ft
5 L 007 305 7 T O 24842 S 5 SR T, T2 e el R 5 O ) 2 4 b i sh A 1
i % B TR PR DR AR S S DA f T B T B RE 7 5 DA 1) R o) 463 o {5l 15 4 T

24



SR M—EBERS 6 Poracdinidicied

JiS A R 2L DX ISR DA 2 TA) 2L I e SR (AT 43 o IR, Dy 17 A2 2 ] X 8% 4 2
PIFE K, 7SR T AL I

AT, ERBAE Bk, B IREAE B DIN HhUA R H
B 25 (R B0 R ST W 14 (CCSDS) MMt R 42 45 B FH 2 i f CCSDS 45 b
WA R Horr, DIN FZ N TRIER SR EZ IR | [ E RS s =,
HOCHEH AR AN Bundle PR, @it 51N sk A BOFE R L R AR IE ot B 3 v] S8 4%
faro CCSDS MM 28 T2 BT X 2% [ E A5 WX 28 BT B 4% AR i 1K L 5 e LA
RMEFE R, AR . BERKE BT E ST 2, AE TCP/ 1P Wikt St ik
AT3E BB ST, D7 (A1 A5 A B R 8 S ] SE AL 4 A Wil iR 2R . CCSDS 1)
KB AR N SCPS=TP #hift, i WAL e B L B B, BABSEHR . A
FARSURAER R AEE AR, DRI TR, SeBo 21 o ] SE AL 40

FHEGIRZ 85 RGN RIMZE(E RS, SR —RAGIEE R R A RN
SmshAS . BRI V) HAE RS AR 2 SR A R, L SCHR L S5 S R
W%, BEfE R i g, I HAE R BRIGHEA 2I 2 Z 44046 . DIN
AT CCSDS BIMAUR T+ 31X 48 75 SR A7 7E B S (0 Jmy PR, 432 2 FH 38102 Rl — AR 8 A5 R
il e SRS RORAR T o DRtk 18U 75 2 R R 0 N2 1) g 314 PRk a3 D)
ey 5T 200055 22 Ak rRnd AL A 7R SR K2 I B

FE 2400 RS 2 A SHTE S R e mah G, Mg — i BB
P R-TA T, ATRATIUN, 25 R — A3 A5 R Go L I W B K R 38 2 i S
TS24 ¥) TCP/IP HIRM WA ZR, ¥ DTN 1 CCSDS 45 & Wil i R iz Wi 48— 3|
TCP/TP NI K R R (TP over X), TiAEAR 5 (niil4z) #5H &a 1
HEEEE AR

25



SR M—EBERS 6 Poracdinidicied

LDC (TEHHE £ 46)
ASP (5% Fi
R SCPF-FP (22 LS POCBLG-— X PEDh [ prp || BUBEE)
___________ CFDP (ccsos;t______ 0
Wty [T T
I 22 134 BN RS AR
) SCPF-TP uwgmuﬂ«a &kt . e
el 2 PO
SCPF-SP (7[RIl {5 B SRR TE -2 & P i)
- 23 a1 AZ Ty HH S 2 fK 2
2 2 SCPF-NP (Ilﬂﬁfuﬂmmm S - B3
MmO
AOS ™ TC
% E% }%‘ Proximity-1
BN S EERG B[R L 5 {5 5D

K 13 TP Over CCSDSIHIRAZE1A %

¥ TCP/IP WM GI AR A AH P A AE LT LT THHkR . B oG, XFT MR
U [T V)37 55, T BT 4 I 4 G ik R U, A RS B M (R B BT SR,
NI FEEAR R ) I 5% ) TP I H T4 o LK, 7 2708 00 25 e A R0l 55 1 22 S A a0 A
Bt OF A ) /R M B B T AR A2 BRRE i, RUE S B SR LA, AT v 4 Y
BRI AR . B KT TCP WM, 75 2245 & 2 ) I 45 3 1) K I 3E R IR
BEFA VLS R Y) I BN I8 RAZ SRS 1, TR R TCP i id 45 AH OC Bl 5
i, 3 e i 3w A A

5. 2. 2. HUEHZHTHHRELAR

Toie /e HhH A RGUIE 2 2 MIEE RS, SR TR ER A ] FAE (W RR B %
Yo CAHT, T R Grisad An k] e AT R E BRI ) R GihRitE, F TR ek —
BRI Ty, 5140 3G/4G/56 S sl E R, JFTimid E A, st
ITHINZEARIC . 23 IS R Gui E bR B S BEE < (505 7 My fdr i S gk 474
HBHE L o

LS BRI N ARER M B E K B kel 90 4RARHS, K 23 (A4 28 BRI 4
T8 BEURALAE WS B AT 1 RE A A%, B TR E R PUE SRR 10 BT —

26



ERM— R LBERS @) xrpaiasis

poEfE LA, WEMH., REZEIPMI G CAFFETE. Rz, dTmx
BRI AIHE BT ARALIEPUEIEAT X 70, I OIS B2 0 e A BT AR AL, PR
KSR KA T2 2 ek — 2B el 1 25 (el SR . BUE BRI BRI

% PR ARG RN AL ER AT Z 2 (I8 AT, &b 2 ()b 55 55 i il 55 2 8] A
FIE K ARG RG] T2 RS R G ARSI T G L. T
N (TELE BRI ) AR K14 2, 30-50GHz ABL . A ATR &1 43 DLELH ) 39. 5-
40GHz MBI, X —BBLERI 70 45 1 s i) ] 52 b 25 Anas sk 55, ikl onds 1
2 B EB sSSP R R e k55 UL BRI 55, (8753 2SR
MEEH RS, RAESCR BN R PR BRI S .

[ % 38]

-8 OE BT

30GHz 50GHz

Kl 14 SRR G
FEAS R —RAGESS RGe, TR, It & . MiiEuh 2 ME 1 2 B
PR, B PSS TR IR, SR SR AR R B2, ARG SRR A 1 oy
BUSAHERBRRK TBE . NRRATR GEIR SEOKIN JR T, 30 V) 7 R & Ui
BELEIA, DL 2 2 R — B (5 R G POE R SR LS5 7R R o
HAl, Sha g R = 5 P R B R A se oy i E AW, — = AEH
WHITEZE R, [ S IRE FELTC 2% AR 5%, 2 e T R S S B LG R B A2 AL
FEAXTEA WS H PG SR RT B2~ AT, 28] S8 45 22 4t o R 2 I
PRI BRI 58 ¥ AU R AT B A AT S 2, T A ) B ok SR 1S
— T DX 3P 7 R AR A e, N S8 R AR ST 7 9
WA BAR R AR 1 B R R dh, HNg B R 40 2474
AT LA T AR 5 T T PR B I i B S R AR B S B A

27



SR M—EBERS 6 Poracdinidicied

AR SR AEAE Ay 52 B P & e VAL i, HL 22 m] SCRR R 32 290
R DI TAER . @ Al 525 T80, e TR I RReR .

B A AR e 2 45 [ 5 () B A) i B EAT Ml 55 75 SR P, 4% R e A
FEE B AT AR BE IR BRI o £ N AN R R RS & B 4 B0 Y BEUR AL A
Bl . U I 2 T I W P SO, A SR PR 1 B A v, BB ()
PR ZEmibm o SCIBh A L 2 1) R G (A AME BRI [B] =A% [F] 22, IE 2K
A Z G0 ) J S AT A S5 A8 4 A 5 B 40

ISP DI VR AR R B A S S AR A e 2 TR — A8 135 R 5 A
R SIS 27 & A T B BHr, B A TPl s A g & 4k
SHABRCIFRE T RFIERTII, HE 20 E TS 2 RS, mr ik
T HAPS R4E Hulfl R GEh & AU AR i % 5 [ SRR BOR, ST A L LA 3%
BEK., 2. 2 EfERMGEEMMER. B, HiHRE L )
DAL G i [ 58 J3 FoFR oA X0 32, A 2 248 3 2 45 R I B A 7 A oof 3 Je 26 FL T
JEE RSB T bk, AT R RN 5

5.2.3. BAMEEHEA

B R R R B P 0L, B P AE R RS, o i
AL, FpEs], LU B SRR . R — R IEAE RS AR AE
DI . PN R N XARA A 8, PR B EINE R, 56
i T /N XA B B e B R X RS R AN SR B S R B I BEEOR, #HELLE
7 B 23 K — A5 R Gerh . Bhxh i e ) B, 3107 R RS T A K
— RIS RGN RER AN BEEOR

N B AR R X R PR A S M B R S . 7 ML T e 5805 R G,
R T35 0 (1) 7 2 DX MR ] 5 11, Ho /N X R BRI 5 b 55 78 26 X 4 06 R 2
TE 0 280 A B0 B 8 R 5 AR R [ e AN, BRTT, 62 R — iR fbid (5 RS, T
RPN DR PR AT, HP R & DI AL, S Eh b 5 185 Rg bk
G510 /N X R FER B X B R A PO

EERHX LR, R AT R TIRR MR TAE. HRl, YIBRRUT
[P e SEL 5 -

(D) /N B, SRR SR/ N1 8 B, B2 ANEOR

28



SR — R UBERS R il

Kl 15 PR SYE/NX N1 AR = B
b P R A NP

BAR B S G T 8 RGN KA E % Ok, (e
R, HTT LA A0 A T TR S

7t RS /NX U, AT B
BRE ) s KI5 2 AT T

(2) PRIER X H R AR A A g 8] e PR A X 48 77 5K, R b i DX sl 53 [l
EE#Z

’ ]355#2

] 10 30:00

H 32%#1 \ i&i
I’ 00\
1
]
1
]
1

4\,\ Eé#l

) “to: 00 00
!
EFKH’/J F#Q
I’ \\ \ ’ "
'l o \ ‘\ {\'h'rli (B
! / EELMJX_#Z Y / // ‘\ ‘|
’I /l \‘ \ /I /I \‘ \
\ \
! Il Vo [l / H[[n&;[X 1\ \
) A Y / / 1B IR H# (Y
[
[
\
\
\
Hb T [X o2 A \
\
17 [x¢ T
Kl 16 KL PR

H ARG R X ER B

29



SR M—EBERS 6 Poracdinidicied

SEMIRER X I, a0 N B TRAKYE R T AT, F3) B AN R B ER X I, )
I HEAN R A R X AR AR o 1277 3CRT AR T8 3B Bl fid AN 40 S BRI X 3385
B AR RGUE LB Tf

fERR— RGBS RS, BT IEERED RN R, {61545
T RS vty BT TRV, i 2 FH PO 5 T S E T oK, T B A Mtk AT B R )
Wenl R AR E U) 4, DR DA BER AR . PSR I AMLE R BE M DI R, 48
2 NI TE), SIRIRLAE p oR TR B 2 [a) S D) 4

A Gt iy TG 3 0 A R G0 R ) S B g DU D BEAT L NI R, R 03 SR B2 / 4 7
ST NI RN . SR, 7R Rih— R E R aih, Kms PR Ak
B ER, DU RN NS AR 2 R BN K AE . R, 7 66 %
FRHb— AR 2% tha] DL &S]\ 3GPP R16 WGP E ANLH], B DU B8 A h
[ Msgl A1 Msg3 SR E— 2D A&, FRON MsgA, Msg2 Al Msgd i3t — 5 & JF 4 MsgB,
WS T, PEACBENIE A E . 5350, EFx TR SN AE Al A5 Rs fL, Rl
TR Y R IR % BT TR EEAT T, e N TR e AR B A TR TR AN R,
D BENLR RS, SEBLUH P B R REA

LT B B 285 RS, ES R —RIEE R, Zunbiids s
mE A, AR TR, KA PESHEH TR Z Y, SEFaUK
HivTHT b 2 [A) HE B D)4 AE, DI AR, XA IR S R 1
SR AU AR AT A 1. DAPS (Dual Access Protocol Stack) . LA W4
o AN, ATRMEDI R E R AR, B2 HERNX I BT K%
ey, A ASLANREYIEANE, TMRx 24 BAn/ N X RS i &, 55
A B AR/ 2 D)4 2, D)3 2% o DAPS JU AT LATE 5 500 R R 2 B2 4 R BT
] 5 AR e AR BENIR N B R, SR e 5 WripL ], SO0 Ein-Fig . 53
Gb, SOEFHIAR, fERRPUR A RMAM M5, Tk mmy)g, £159)
BN o FEVIRER P I NZE T340 2 S N DR AR, S QoS H3h A
B, TAList TATEC, MEC AZl 5 ITUREE, REWAT B s bl 5 1k %5 1456,
NIk S N R ==

BEE N LR REHORAE IS U e, AT AT, 2 R — b RGHI#3)
VIR ) R B A T ) R o B, SEDRE P 2o — AR Re A, Kl

30



SR M—EBERS 6 Poracdinidicied

5SROI BN, K R 2R A IR 2kl S w1
BHRAE BAR IR, R U1 i SR BT A S A o, AT 8RS 2h 15 2 )
FEAL O — A B2 S A, SRBE R G R IR LR T 192 H s EREILAL .

[ BE 5]
A

e Do g
é égﬁgtﬂ}g& . BRRFH ém S LIRS

(EH1E] ; L mE DRAS]
s 3 A

Ny [Ermmmma—

[(F152]

K17 B S g s e B

CLamAt o 31 T AR B s Ak 2 S N ARGR I B REAS sh It B B BOR B Fedb T2 20
BB AAAEVFS R BRI AL Lo, dndaf WAL IR 22 Rt — AR ARad (5 R g
AR GIE . LR TR e SEA R 25 ] & BRI REAT R sh It 2
B R AL T S L AR AT AL s D 17 38 e KR A s el A% [, 3 7 22
R TNNIE & 2 R — AR 23 RO R A R BEI 2607 1%

5. 2. 4. i B — AL v SR

BRI AEE RS E AT RN TR T RO
PN Sskvehs P I DU R SR 1R L 37 5%, IX BB N 37y 35 P A7 A KR AN R R 55
SRS TR BRI RIEE RGNS B 4 H A AR, LR
UEAS DL S AR S5 5540 BIL, e B RAR ST S R ARBEEOR, SEBl A Kt — 44k
BAE R GRS AR S5 -

£ 56 Pz, YA R AR RS SE R OREE, SIN T TR HoR. A
HAR R REAU L B VPN 50K, 56 W28 ) Fr F3oRE— 2B AE R 45 ) 73 th S 4
BEAF BRI P AT L B IR S5, PREEHT ™ SLA. HHT, 56 PIZET) v By Sl 32 24k
AL LR T - TE2 BN BRI W J2 T B 28 U) ik A 7873 5G b 215 SLA
B HAMORBE BORSAE BEROR, I A TR R B

31



SR — A IBERS @ rrBa@snR

S 56 PIZEANR], 2 R — ARAIE (S R GEH N 2540 $h 2 i B I AR,
7 BRI B 7 SRHEAT U Mk 25 10 SLA 2 iR Pl 340, B80T 6
HATBERSZ BRAVEAIRE P S A PR ST i, RT3 IR 55 4 SR S B R AL B 42 A )
FrémHAT A BOR BRI, SRB A R b 21 S — AL IR 2% 0 75 42 I 2% 41
SERTIN N BE SLA ORBE. $ENMIANAZ Lo P — A R AU 55 5 T FEJT AT 7T

25 R i 38— A W 2% 1) 3 O A 3 P B 6 2 A 2 A R
AT« AR B B9 (1 0 2 S B R 4, AR D T AE X3, AN IR BRI 5 FH s 98
HIEh&2etl, RIEHBCAEEEA F R R B, SCHLR SR 8 A7l A1 AL B BT
BRIEACA A, HEREL S Hh R IE e MM giaE . IRSEEHAL. 2Rl
IRARIEBAS F 4t B 2 WY 2% D) BEAAR SRR T B TR

4

HEB LML
Kl 18 B — A E ) B AR B
i 33— A X 2% D) B B BAT LR TUAN I T R AR RFAE «
1. BEANMARZ O M — B
B 2 b RAN 3231 ML 45 () ASTC, FPGA, DSP 8 3 21| 3 T 58 4L T. 2 5nm/3nm.,
ST SRR AL LG 1038 A AL A, e 48— DL AR e N R o 10X ) R A1
BAT TR RS, HAES — MU B Aol N N D e A AR SS, Aifiid s —
A B A X RAN AT CORE )48 Th EE4T 48— g HE

32



SR M—EBERS 6 Poracdinidicied

2. BTEFEKNZE R

PENEEED), FECRHIEHE RS s IRrr A, S RREE
B EBIRRZIR ARG BRI AR g5 2R, SR ShaS 8 5 YA R
ARy RMRRAZI A AR TFBLZ .

T EH

{(J10:15:00
|I=]|
rLEH:‘#l Il ‘\ TAE#M
0:30:00 i \ 17 10:00:00
1
\\ 1 \ //
\ 1 \ /
\ ! \ /
\ 1 \ /7
\ 1 \ /
\ 1 \ /
‘\ 1 \ //
\ /’ ‘\ ’

Hu B X d5k#2

B ) \
‘(QL‘{W ;L,\v UJ H 12)/(”“! f"f\%* é?
RES b ey
i M

K19 T BT Ei Y] R
3. HTATHI¥m 2% SLATR B
NGB SEELE M — R ZH I T ) SLA fRER, 75 2T SR RAE ST QoS fR b
F-B R KB 0 A AN T RESOR N U0 A F P AR 56 1 R AL 0B+ i 21 S
IR IR PEAL B, 2 57— P A3 B 2 S N B BTSN A B A A Py 3K
SEALY) AR S5 o B B e i g R AT B R A AR A

33



SR M—EBERS 6 Poracdinidicied

SLA%

=

SLA
l FR SLA % i3

QoE & _F 4

QoEl & L
\—V NWDAF 4—,7

Bl 20 JET AT # 25 SLA fRER
MR E . B ERIEA AR R SL), SR S R G i 2
I ARG VF 2 TR EAR R, AFRAIA Y SRR U E L,
T AT AV v QoS A4S DL A QoE s S it A3 4

5.3. HBE FHFEAR

5.3. 1. BB PN KL

% R 5 B i A8 RIS R FH 2R ) G R R, B Z IR R TN S
PERGWAZ LW . BRI R E 0 45 /)N B TR AE 8 15 I T8 & 5T IS 1)
ETRP AU 1 G/T AH, SCHFHI T 28 3R /N TR I R 26 S 0 iy Tl 3 U A%
s T LAHEAT A R AL KR B AN A (IR, SR S P, AT 308 £ 7 B B A
Hahns ERTDURYE R T EHAT IR BOREN, SRR RIENE.

B R TE R AR B2 R R R PIAZ O FE AR o W T AR Rl I 285 (1) 5 B s
5y )95 ERHRIE EAR ML O R . a0 T R, B EBRRTE SR 2
MR BRI M 2%, 38X 58— MR AT AR BE, T BT 75 48 191 1) 22 R
WA LAERTAERI Thuraya-3 TR AH, R 10 S5 sy sim s,
FIH 128 NMBHETE R 245 A RUBR, B RO 55 X 3800 400-500 A B, &5
X 32 P % 0 AR 5 ] AR A A [ e 55 X33 ) SIE IS 471 30 R 7 70

B I R s Nl S G b B A R s NS B N e S OS5 % N B AT T
AT TAERIT 0 R ER, A RE AAN 75 ZE RS A SIS AR 2% o DARY

34



SR M—EBERS 6 Poracdinidicied

FAZEAR K SkyTerra TR Jf, HAEMIR AL 4 Mot EERSOC Dol &~ k0
s HRER RN 1 IR e, TR P R EAT AT MATBOR AR, SR T
152 ANFETE, T RiE 500 MRA, Bk LSRR RF, DL I LI
H X o [R] IR AE B RO R a0 6 3 v DA T 2 9 AR e e 4 B R B R
fEEdR. RNV E IR, Wi SCRAR A mIBOR . X8 BOR 5 2 R
AT %

| Hh ] B i HLEE IR — % [A] BE P REEf——8 5 X d—
_H{ ok
L 4
. Vil )
e o | JEAN
[e—15 Te—

K 21 B ERARIE R R P

P S I i AL EES S ST ENERR BT RN v i P S I PN 5155 1
% ORI 1 RBOR, IOR - S EUR B BORRE DARBOIBUR, A 2 8K
T 28 B ARAG AR PE R o X ARG A2 b 8y 1A o B S SRR E RS LT R g G I, ot
15 T A A (A1 B A R AT PR 52 2B Kb - 2 BT AU s &l 5 o A
KRR A« ORI RHE 7, X R G AT SEPRR = A AR KIS . R H
ML AR R, 7R 205 F B R 15t r B g i o HL I BEEAT “ XUk v e I
5

TR AR R 2RI LR BkiR, R 3 Z POR R L EOARAEARRIEE
BARGTRAFZ ML HIRE Dy 258, B 5 R2G TR R ERARE
(R I AT 288 P o ) P B ORI, ARt ISRt o B PR R LA
AR T AR HL 4678 2 e DX BRI BE 77 39N &R S S AR 2 ]
RET~ 4475 R B 7 o A CE B A BE 77 BB A2 22 A% (1 RS i g

35



SR M—EBERS 6 Poracdinidicied

FE RO R
YW Y feRER
PN
4_>‘_’ ZiK
ZiRERRE : 3
BEEEEE
iR 3%
=2} o
= =
= =
& &
=)=
e 1w
R | | e e
Kot ok |a— 9552
Ehn .
EF'{f'
Eﬁtﬂ? s g AP
R i | (EE l-—
Rk |la— P8
HE R
R :: =5
ok — G
BHEES
BT

B 22 LRI B AR ]

5.3.2. B LR B

MAE TR RO 2 ERIT DRSS AR MO Pas s, seBlia s
BT AL BN Ko AR TR R AR (R BRI A 55 IR BRI e AR SR
7ok AR CURE A A% 00 ) T2 B iy e AR 2 0 i I R 2% 22 AR IR I8 AT SR B A
FER o AT X DR B BOR BLREE AL TS G %y, 258 RAE I
i, SRR G0, ST BE 1% N B A 8 e 3, RERS & B 2 FiE 55
Ko B SR BB SRR AR S M IR F

FUR, 2 Rl e s (0 P e SO TR RS 5 08, I IR &K
FARPE R R T B A e TR o DO As, EahE LR R MITERE, 23 2
MR e KT BRI T G 200, SRR TR, TSIt E AR .

36



SR M—EBERS @ Arpaitfins

BRI, A E SCEATBOR AL T W28 Kb B, VA AERI A AN i B
BB, 5EERGHMFEREG. ZIRTEETGREAIFR . KK, 1HFK
A B TR A B B HL A5 T AL B RE Sy AT AR AR . RS ThRE
FEMERE D). B, FFER I RGN IR E A A . —J7H, K
JH ey B 3PS S AU P BORAN =4 5 R B AR =5 90 T2 A5 5 5 R i
V1 S0 B RO AT R S 5 5 — T, SR FPGA g SO B A RN AR A T S B e R 2%,
S AR AR B S AN RIS, SR B T RE A KRR AL

FE AT BORIHESN T, B BT AR 2P R B T A R .
REA L sy LA € SO RE I A BRI E ) 9 Bk, 45 B i 7R IR 4 (1 N L
HBEBOAR, SR KA 8NN o 58 Bl 55 TR B I 70 BT, A3 400 g Sk
iy F 2 H RO S AR R RE /1, ARt — 2B 5Tt LR RE

B2, DEHGRTREZRT G, KRR G 2B SR SEhRN
ETHIE VF 22 B, R B Rl R AR LR B I s 10 v A 58 M 5% SR I A
M BB B AR IE 7 B RS5 RO US) 75 2 5

A AR A
5 i
l L
AR S A
P
BB 0
RERCEER

Kl 23 Rl TR

5. 3. 3. T )R A 8 SCBr ) v A A e it
FERAHEE S, AR T &t B80T 6 LR 50 4 (40 FPGA B4
# DSP 45), FIRe o Lo A BT iy AR I B B S R AR U, AT S8

37



SR M—EBERS 6 Poracdinidicied

FII GRS BUE RESE A B MR . 03 ARk TR P & S48 A e L)
AR, AT R R AR RENE AR 7 SR AT B B G, AR T
(155 bR 2S (4 SRAM %Y FPGA) o IX 0 H I RIGTE LS AbERIEREARER, HI2H%
552 B2 AR e, gD e TR A AT S I

I 7 3 7 190 122 A 2 R AP e B R AR N ] R R R R R L 2
AR o TN S PR R I b L2 M AR R = R G T R (R TR
e b 1R 25 SRR R A DL R AR B R I 75 3K o TR SE [ NASA #5842
— MG LS (Commercial Off the Shelf, COTS) AR, HWAEAT IR F K H]
AR 0 1 T Ml 2 B8 TV B8 (SRR COTS B4t ) 43 1 58 A 3B HUAR = A 28 48
S5EMBAAELL, COTS B R & MR R AR TRIE 7R 25 2R A
H R AR E, TR A T IUR BHR AT B4 N . KRG B Z L&
JE IR P e A 0 5 B A S ML R G MR AT R (X RN IR IOR . S
P2, ANRELRUE RGBT TAE. Kk, FESHAHZ COTS kRt Hki
R e U N ST (MR o = N S E L S R NP S B DA
AR (UZHTUARBIN R TUAR), A B AR SR RN 3 B0 5 12 B B A A R
TORAEFREIIE DL T, AThRE CRAIEAL B H IR 45 L . B I R =
TURTT R o (RPN 5 BEAE A A 48 B mly 3w (5 107 5 A7 6 T e
T, 0 TR BRI R A 2 IRE A & LR A R GRUE B R
BRIk

I8 5 AR Sk TR A SR8 T AL B RIS R SACBRK, 0 T B s SR R TEMEEESR
o5 S Tl B T G A1) i AN 7 T A D0 B o S T = B2 3 A
KR S A 5 RAPR K TR G MER 2. B8, T IR
RREETTRY, FE A DRI R U T T S AU 2. ln, B ER
FUAS I 7 0 R R A AR (R R AT IR R B A5 M RN ], RECRED, AT LLS]
NETTUARUEBST R, A3 IR R By HARR DRI BB A 10 R G o BE TR UK
AOFRA MR, TUR S5 1E 5 SRR 2 R (R M D6 R AT OREE 21 2 ANt 2 ),
M AT AR X AN K R AT MO I 5 V2 . O TAERW], 1XFhT5 0] DL TR
PR AT St i R B R A MRS 1 2 B, M T =BT AT R
60%LA o AHRJE TSR AN [ B v H il R R BRI A, VETE SR R IG T

38



SR — R UBERS R il

DRIUE AR GE ] e, DA 5 A0 P 0P 2 ST I m] S G B R PR BT ISP 2 i T
JEJ3E A Il 7 A BE DRAUEAE I8 A 301 PN PR SR B, 76 R e B0 T S5 IS R R A 4
o PR BUT DRUEBEAE SO A A 1 D0 N ot IR A R, AR G i AR AE i 3]
ARG IR 5 5 HEAT Wi A, AT B R R P b ARG 1 P Pk R ) 48

B BB AR ATREA AN RS, — R m R, — 2R m e aelt.
B5E, H AT R R s G A T S AR A T B AR AR T e, ORI
[ € AL, ToiEZE TR SRR LA AT IE N R B o ARRBRATRE AR A
AR X BRI L BLRE 7, Al AR AR 0 v S M 5 SRORT 2 [ i A B R L B A A 7
&, LB AL S SRR BRI UG EC B . 25, DA BT AR Tl
TN HR R, B Al 22 [ A oG &R ARR 2 Hifir
R FA R SRR RETE, AT AN L e 5 2k 2 BB AR S AR H 56 AR S T
RGUPRIRIEZE, T ARG ER RSB RSTIREH &

B ENEHTEL

N\

%ﬁﬁ

el

24 TV RRE S SUBRAH 1 B A AR e
5.4. FELALRIE L&Y
5. 4. 1. R RS
SRR S RS S 4 RO, D2 R, SEBLR L i

T BB RN ARG e o i 2 ) PR SR RENE ik ) BERIIR L, TRAE T ARK
BT AR o IXRE R ZSEHER R BE T UL AR/VR £, HFHEIE . Hlas

39



SR — A IBERS @ rrpaatin

AN AP LR B T A, SRR B R RS R BINR . R
Y. RS B IVA N IR 20 . RIE, ORORIE(E 2l Rz /AL, B
Refb ZRHL. S L AERFAE

AL B 2 Rt — AL 28 m R SR BRI o V2 AEAL, 4R BRI 5C
FrapiBs, B DERA IR AFES IR, (e i e Rt ik
BRI, SLBlERRTIcgE N, e, RIR%mAa N TERERGE ), Eid
B I B A P I 25 T, R M — IR i 5 o o R AT i s PR, A B T AR Y
ASHE BEALBERE TT 5 e 2 HI T AR EUIA LS, SIS A RE R B R A
BERSS

Kl 25 R E bR & 2

WRAE R GEHI NI SN 5545 o, 8 ORI — AR A5 28 o i 32 B D it 4
ERTC4E 78 i o /9 i ELIRI B N IR 55 B AN N olk 55 2 3R AL 9 7 32 N IR 55 1 432
N 1 25 3 ANz A 8 e X B ST B e 4 1) R BB I A i X — KK . SR et i
AR A — A, SR AR IE(E i 7 B AR IR ARE ) LR ST K
FNBEATS AT BED. THEEBEIE. HiE, RIS RYRA A
ENASHN R G 22 R RS 4F , IX ey O I8 A5 Zm IR AN REJT . B PHESLRE
Jiv REM R . ARMEWR LRI RE ) PR VIHRAE . A LSS SR 1 S v
ISR . ARIEANF AR I AL 355 i, 2 R S B0 H A 9 ( 5E 7T RFALE o

40



SR M—EBERS 6 Poracdinidicied

5. 4. 2. K R

NLERAER—MCHEEAR, AR 5N TR BRI RE 778 H S
BAE R, SRR PG LT B B 1R 7023 32 BR T I 28 A& s 2 A0 52 1) R il
(5 I 75 2 i A B P B AR e (0 170 T 5 Ml R s ok 2 4 5 TG 11 Il R o R 2%
ity 20 5 T K S B AR I R T a3

Bt AR 2 ) AR BIMLES 2 I TRV L o . MR A3 1B . ARIE
TR R, A AR R SR S R SR A v
FHIZ T

M F o N TR BE, 2ol N T8 RE2 B4 R~F RERE. AbEERE
TIFIRRA IR L), 5 vt F G R 2 I A B BRI X A, 75 BT & vk
(KAt 55— 5 TH, BB N BAR AW R e, #2324t 75 BEAE AR 8 T
W, AT SFEZFIhRE. G, UETHI SR TR & s PERE CPU 4k, K Z T
% 7 MERESE RSN GPU LA K DSP M5 G

LRI MR 2 ST ML B2 ST TR 1 — AN T D5 1], th 2 i LA B REAL g /1110
—ANREEHOR . HAT, ST B Ak B 7 T LA B i)

(1) R T T 248 B FEE 2 > HHEFHLAE 248

FEBR T PSR LA VR 2 S HE A ZR A AR A SR e S s . [t
TR AR AT e ], RN A ST o IX ROR PR 17 3 Lo FA 7 HE 22 1
JERE, AN T M .

(2) FRURVRFE 5 SIHE LR B X i BEAT AL

HRT, o imRss s a5, MEL T KEMR TS IIFIRER B 2 I HESE, H
WA /DR FFIRIRFE 22 SIHES, il TensorFlow Lite. NONN 4%, 4544 5h %
AURHEAT T L TR . (R EEAR A K ZAUAER G ARM CPU,  Joi e 431 544
MITH SRR, RORPRE TSR, Hoh, ZRT&umMitee ), gy =
iy A R B2 A TR P 25 ) A LA e N T3 RE VA AN E FH T A% 8l 4y b

EERTIX AN )R, e hBe8 78 20 R FH 2 om0 v e Al vH L RE 7 B IR R 27
HEZL RN AL I 20 N T RESVE R AR R A L ZEM .

TR T B HESS R AR AT R — MR K R 7 1o 52 b SCRFIE A 1R
FEfp SRR, B AR TR, K TensorFlow. Caffe A1 ONNX 55 H Fif & WLI¥)

41



SR M—EBERS 6 Poracdinidicied

F Rt A i gt — 1 24 il U SRR 2, P 2 o e 8 % i Y
FHEGUZAT o Vot i I T SR 20 2 B ST AR AR 2% BIISATHE L, LA
AR MR 55 i 80 5045 o P e e, T 4%

AR ESZ B
HiEIhae nE BEESHEE HIFERR RS
TensorFlow I EILYIIE=9 T P hE 2
Caffe I % # %@EEE@
S VAR | el
ONNX I e R A & [AETIBAT
2SNy AR =N
CPU/GPU/NPU/DSP/ASIC

K 26 2% el 2 i SR

23 SC AR AL AT B0 LUR J LA R JT [l

(1) TN EFATRIRAEE

VR JEE 2 S HE R0 A o o S SRR, U o0 s P SR AR s (R 70
AL A B AT AL B . BEXP AN R, 7R B RS AT Bk

(2)  ZmlEREATRIRBCR T

SRR PR T A9 R 8 28 3 w] LAAE [R] S5 FX) I T8) ATV AR 2% 1 R 3R I B 5 K
HIRE o AR, AT SRRV o B e 2 o A [R] O BE A BE 0, SRSEILREAA S 1Y
Tt

(3) ANTLEREHEZEIRETF

R N B e SHIRAE 2 v A 2% AT 708, Bl 2 8] M A2 ARR A R —
BTG T UK TSR B L REY s B R A 70 B X 2% v i, TR B AL B
SR AT HIE 13 B0 S 0 B A 24 i e 26 b o RIS 2 3 2 ) A ] DA i B SR 3[R SCH e
NIRRT RES .

42



SR M—EBERS 6 Poracdinidicied

MR, SCRETFIGRI T F AR R AN A I N T e it 2 T I o — e Bk AR
LA £E SCRETF IS S SR IR AN [F SR F) e 2 1 i) AL, SRR A N L e %
i R 22 4555 T THI ) ) R

5. 4. 3. ZIm Ik A AHIE P R EBOR

EERlP R b N N At S U B NS o 27 9D N R B T EE el U7
VENRZ LR, X2 R — A6 I8 AE RS RE TS RS A B

AR R A 56 LERAR B, Hl, MEMEEAREZK
W BAE S EM AR T GaAs T, GaN LEMSHEF, FEER TR
T AR P IBH N KRB, CMOS T2, SiGe T.ZA1 SOT T2 AR 4 5
SILES AR AR N

HIR GaAs T2 GaN L2 R SRR AHEGE g s RECE AR,
BB B A EAS X R IR AW S, EVERRFRR— MR 10 L 208 R A
6 5 A0 v PR R AT S R 35 o ek B SILES I H AR I =R L2 50 e
CMOS L2538 i BA S I A RIS 22 B M R dia b, CMOS—SOT 1225 B IR I AR
B R SRR, IR RS BBV 2, SiGe T2 HARERIRA, BUFHIME S &
B, RAHRE R DRGNP R NRER, AR, EiE
FUSSITER Tl R, PRIHE B CMOS T2 S AT Bk

A, HERE OMOS B B R B B e 4, mT LARI F H RITEY 65nm, 45nm. 28nm
T2%, Ran%iRe, BAPLNRER. FR, 7855 H BOARHer Bk i
A, BRT RO 2 A 3R A R AR A ] DA K 2 NI TE 1] T 3
IREERNB|—BUG A, B R DT B IR IR DRI B
LRSS R T P o R R, BT RF SOC daf235,  SEBAR2 MR 28 10 i 2 o
PRI, A 7 3RAS AT O R A A AR 3, ik OMOS 85 v B R B T2 [ B 12
AR B R AU B AR 3207

N T AR CMOS SR ATGES Fy AR T HA J LSS A R, AN A8, WS R K
A, FEIHEARBRELE LT =T

(1) =K T 2wz A

T 2w AR RO Y A, IR SR AR AR R AR RS AR M,
BREANA G G130, E TAESRBAT AL AEAE — 58 R 22 o I 2t H L 2 280N g

43



ERM— R LBERS @) xrpaiasis

FE B — @ Va3 8 22 7 S KU AUB I LM R AR BRI . 21818 SOC
O T BN ST AE A 2 B AR HLBR BT B 1) S T, T I R T e R A L K
ZEWISCIR, R4S 2 18E SOC & I PERE .

(2) TR RN S BOR A SLB A

PSR /NI S R Bty SR S AR M B & (0 A s IR SRR 1
A8 RH AT UL A0 T T f (M FS DU TG s SR PRI BRI 2 & 4R
SHIATILEC I 2% A, B KR BE RN AR S BRI, Fh AT 58

(3) WIS A

NI ARVERERE , QFN AR I & 28 & IHESE 3 2% 77 20, BN HE—
AR AR B -t Fr 80Uk, AR HME T A2 S AU RE AR 75 3K o 1T FCBGA 11 WLCSP M4l A 417
FEEREH AR 2 oKk, HERBEEEAULACYE &, FCBGA F1 WLCSP AH4. WLCSP
T IR, LR BB AT FCBGA M LLAS, A —EMIZERE, H A A
e P, ARECA SRR 3 B PL FCBGA A1 WLCSP 3.

bt

BETERESHEA <
BERHTIEZRE, BAHSHIELE iﬁﬁ‘ﬂinuﬁ}i*
-~ =]
§9§ BEEAHBEREARN, — KX
HLHEEMASLMBESE
R DREEEA
M CENE, HETS

O—
O
o Sy

AR AERRA RERIBARM A
ERANSNREH . HEURKLEE BB W AT AR R R SR R 3R

K 27 2wl A R Rk
T ) ARSRR AR A ™, L CMOS . 2 Al ) 25 S AL A AR 42 B R e e AR

44



SR M—EBERS 6 Poracdinidicied

i ERPUE 7 BCRAR S TR /NBL R R BOR S A R T READ R IR
FAR, FECKH CMOS T2 T BERIRAEM S, H AT 2K BB bR s 7K1
FAETIEE] T 20%00%0%, 5 GaAs I A0 BERTIE BN, DhRAR A
Ko HETAT A2 55 S 50mW (117K, 55 GaAs 38H W )% H DR Z B HOK
M S R BRI BUA 2 3dB, 5 GaAs MW 1. 5dB 3A ZE8H .

5.5. Mk EMAEA

5.5. L. R — A AL 55

fhag TR S et DA AL, DR S 1. #3h DEMRS . EHIERE.
GPS sEAL ARTURE RIS, WA AR . FEE 56 MR, i
BT IAE RG] LASCRE S 2 k55, B0 FE RS 2h BRI AR 8 2, (HAH R
Ml 5% 7 1 T 199 2% 758 5 A 21 (0 b 77 X DASRAS IR 25 BOH P IR S5 R B0 4 22« # it —
1R DX 28 B4 1 25 R b — AR X 4%, Jl B Holb 55 @i, Rl P SRk — ok 45
XHFPS AR, S BE R BEH OB N 2% . SRAF K I AR 2R IR 1E IR 55
T R TH] [F) AR R T )R B 5 A sk 3878 o 75 Ko

TR
L= =
” s N s SZ L
‘mnjz WL IR AP
RS . B
%

.|

-— TN B B B 5

PR NX ZEIRIA Y 55

Kl 28 AR — R0 SR Sk 5%
SRR 2 B E VO AT REEE . BRI B R E AR
5y % MTH 9 E R S 0, IR 2 R S5 S T LUK FE R . S K — 1k
B S AN % R
(D) T HRMEER S

45



SR M—EBERS 6 Poracdinidicied

SEF BT ARARBI K TEANKAS  mE RS B S A B EE
B E S5, B HIAE NG D HLIX, Bl 5537 50 1 28 1 £ 3
TSP WAL IS, T I R B SR A, T L B AR AR IR T
T IS B M 45 R A P 2 SR b — A I 48 Ay K78 7 Y BB il 2 L
KiEH:. AR TR, HAYBh T2 8 HAPS/HIBS 45 = 251 6 15 R4 R
8 B8 2L DO Sk At T b 3 R b AT 50 A i, A1 T DA R A e T 3 2 AR

(2) T E BRI S

BEBRR S @ RSG5 TR SRE, B LR Rk (T
BRI EE AR S Forr, TV ELIBR R ML 55 2 5 R M — 1A A R Gt SR O il 5k 55
ol i B ) I o S — K IS R I B, i AT L AR AR
A AL BN 25 78 o I PR, SR RAR T8 5 IS IR 55, SEHERA. I
IEH HEIREYRAE B, IR, PUASR AL M Ia B Se i % . flis i 7
P25 RS54 o B 1 i 2 TR FH P LI N, X T IR AL B EL I FH -, 3 m]
CABR AR ET 3845 | W o X D030 0 L 20 A SR A AR 55, T 2 P 5 ol S P 75 oK

(3) ARILRAL 5

BEE OV MR e, AR AN B AL R AR R 22, A8 A A G
WSS N GAT NE I T TR Rk B ZE R . E A8l i
PENUT . EHAT A SRR A T miz th X AB UL T, Sl A W 24 ] g A3
S TR 28 ik 55, ARIEAS R A4 I80MY 55 2870, AT AN [m] B I 48 JEATHEN . TE
AT ST LEPR IO G 2l b R A I B ik S, @ I ) 7 5 1 7 R b — A Do) 438 2
UL BEIT AN G, A KR I N AR 728 A B R D i B S 2 M s R 7 A
DU, JEIE TR 4 T I 48 IO BC A A8, DR ORI e A G A3 X b 55 1) 2 S

[

(4) ZERRME 5%

RT3 A TR 55 T X 2% k5 A R PRI R iRk 55 o RGN 5% SR AE R
0 B A FT DASEE I i P IR S FIEAE B SRoe R 2 e s 39 o B 4 B RIS i
G TCEEEI RS R AL I AR, T R SRS HAPS 2521 & 5t v] LA 2 7F
R ISR B S SR o R 2 R R X 8% (1) 3 i R RT DA A2 1 ke YR P AR
TR G015 B A TR R e SET RS o BRitkZ A, TR 4830 1T LUAR B B L v s B

46



SR M—EBERS 6 Poracdinidicied

SENL, 77 H AT e P AT SR G PRI 8] 45 B R A B2 3D 3], 9 TR
SRS AL

5. 5. 2. F: T X HLEEHI 2 U5 U E

R EE RGP REZ T IMERI S, BEIEE R m i PE
AN 2 AR P . JaE T 1A A P E SR AG . A DX o AN BURBRE /AN
AMIZETR, ffh s E I BRERS H M AFRIZERREME R
G SS, U TR AR AR T, M S T T AR T, T JRE S X RS B £
S I 55 SR AR BB /N X D) s AN R AR 3878 T 2 RIS A0 . sl kS5 B, A
Al = /Gt g e = i SR IR SE . Ao 2 [8) [ D E 7 st s 2
D2D (A > EANUMEAL S, BCE SE AR . RN TS . PR X
Sy S I My P Ao il AL, — 2 e ff g il 55 S (17 B B 0 2 IR U E (1Y)
“H IR SR T ARSI MRS B BEUR, R G S A VI T B SR RS O 4%
NECTRE RO 52 1 1 X IR T RIS A

DU 28 R — AR IR 55 L B AR 28, — 2R & T AN Flis = T B
ChbiizE® . PREBEHS), BEHZEAFARYERPMERS . B
AHER LS, FANEE R R AT e iy 2 A IS E R B R E A, BE R
Z 1B g R S5 AT G A — R MR, BARAZI N . B, BE R EFHLL
SEVMERIN (s prite. RS FUESE): 28—, WMEEE mn &omie s IFit
P RS SR E R R E R e B A RisEr; =, LmARsE A
JUES, AL IREME T T S S PR T AT SOAT o IR BT 5 2 1] T
o R iz E T LA W s E A SR OE AR R A AR S5, g dnhis s
T 1 T M 24 i 1 Jo 32 8 88 O 55 B 1)l AL . bt 3 I AT XU BB AR IR 28 =5 2k
TR, MRS TTERE T HIRAREATE R, FRRAT R LR REF B 1M
BV AE IR (0 — N385 =7, ST e B0 B A 5 S 2 P ) XS o

DS CA_F A, R] e DCBREROR R 2 5 Wi AR 55 AN BEE L MR R T 2
HAABORBE&INTS . Hoe, T IXBEET S UMERTT % B RAE— 1025 5 Ba AR
SRR PRIE N, JE i B A AR 45 H A 22 5 SR B DR Al A mT B ek, s SRR
VP RS MR 26—, BT B A AR RN BT DR A 2
BUEMPER, M 59 F MO ME LS, B H=, T8

47



SR M—EBERS @) Arrpaidfinis

RE G 240 ] b TG 7 R 1) WM BRAZ 5 R 305 A2 32 53 26 PF BTG DL R B 3l 58 A 5%
e GO TREE), BRERPITIIZ S B0, XA 15
Gy, AEUMERS T RIAT DIE W RO R RE, A AT BUR BB AT S PR
%, T XERBESOR AT A AU EAE R R, 2 s EmeE M AERE
T2 2 5 B R AR S5 At / B3 = Aok, AR EORE 2 3 8 e =
Wist, KRB B RMST R FEARSAh BIEA 2R

AR Z T IR SS 5 Sl StR t— D i L. BRI AR R -
— i, BEAE MRS A AR E AR g D) R L DRE R AL KRR N
AR RGEVRA) 73 BORE RS B vy, PMER S TR SE = 78, 2T P2P (2 07 I
A 2 ORE BB N S o DR b DX R ) i L 1) 5 AR R U ) 52 5 R R ANBE K
MBI AR A, IR T RAPNEY . 205 2 e HEBOR R R EZ 1 PE
o U7, BEE N TR RERI IR, XBLEE T IR RE G A R HIE BAH
» AEE B RO AT 2 Je BRIR XA 2 T (B 2 BE VR A, Sk T KB e
T SIS B EAT IR S AR AR AT T, M it — 2B 4 v 22 07 I E R GE
oy

pil

N oo
& &

Jats

Kl 29 BT IXEREERZ T UME RS

48



SR M—EBERS 6 Poracdinidicied

5.5.3. P HEGERG

HHE e AL =AM ARG e, W 1 HBERTT R 2 8] ) T U A2 92
I (PNT) R, (EMFERIE S99, ST, TR SE . mald
Gt EALARST g R, s DL AR IS I B N E A T R . iRt e
div AR m A, ERAER PNT IS5 RETT, SRBLNSeH, mAFEME T AR
SRS AR R, TSR ARNE BB P LIS EE
RGHIR S, iR B R R A os e

g Hﬁ

AR

%%W rm
N L N\
e %“_;?i“ )
\\g,/
GNSS/LEOMBMMEpyy S BREg

K30 RBAE PRSI 98 R St

M T 0 8 55 T AR G 2 M) X 4G 5 BOR O AR e 08 T G s AR RE SR O 1B
AN F Al LA 2 8] 0 28 D rhCe 1) AT R G0N LA T 068 83 0 24 D mh e RDOE A5 AR
GRS 7P 0L, EARRZ R LR Gerh, PIARGIA] SEIt— DG . A
BLuk R i LY, A 9 3T I 2 0 0 DR 2% (S A AT kb 7, 7T S (b i
SIS AL B R ST s FH HIL T R 2% KT 8 A I SE R AT A SR S ik T 64k Mesh
P2 B IR AE R, AL Rk P I s kv . BeAh, R3S R — R AR 2, A
JFHY e T A5 P9 0 24 LS 5 L RTN e) 45 5, R HTSEAS A5 5 A A 5 I et
ITREEAL, AT mE AT PR S SR, [, ST 8% 53 38 5 15 5 1 D2D

49



ERB—RUBERS R il

TR, AT 283 2 18] (038 15 B % 38 7T SEIUN SR E X A8 55 .

<,/\/\ 4

e
N oAl Gy 9P
VA2 ¢ 2
¢ . BEIEE
= —> EWEETH S S \
— . —» A-BDSIEE N\ .
= X- e N
N
, X\
W s | y
@\y e < Q \
S TwmEs TS J 2 \
P emmm < N\ o .
AGNSS+&H.J.E§AE s ‘ I
AGNSS+£H3EEA§ U
X

| - \
4M@® QQQQQ {]
% A e &SR E
wvaQf/ /ij
AGNSS+H T FEE s, J w

ﬁ%ﬁ%mfﬂ

31 Mg g X 5 S A 2 e ) R BB 5 E Ao

R R T UG SR B AR AT O AU AR S T & (R DR SUE
JEAR SRR VIR, Al SCE R 2R T R AR, Rt T
PLREST, [FIRHRB L T U R R AR A R, ik 1 5 LU SAOnt 8], FH P ARS8 SE AL
HATAAAEIE 2 R G0 0L RlvE R AR R, I8 I RPUE (S 2R 5 2. T
—AAEBETE . R IRARPU G 0 T H 2 RS T B W SEUR R RUE L K AE
REAZIS . REEWI LTI FEIIRE . I%BOR AT BE I 158 7l S B A i
A BRI A — BT Tk

50



SR M—EBERS 6 Poracdinidicied

6. A%

TR AR IIEE RGEKR R DLIREE R, & 66 Xl T LA b T 53
A RGN B E AL o BATTA T A% B3 A5 7 Mk A3 2@ A5 AL
PR, S ERS Mg BB R EE 2. R 76 LN HE
I 22 0l ) VR A DX 2% A BRI P L 3R [F) 55 i H A

RAE R A= 7 R EEE AL TR AR RGNS, Bk
JE V5 WY 2% BE 0 7 5K T I FRIPIR e S o) 2% i 1 SR DA S T A R R B B 5

FIRSLE, FRaRARK.

51



SR M—EBERS 6 Poracdinidicied

L PN

[1]
[2]
[3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]
[12]

[13]

Jr, 66 BORPk. QUFT SRR, FOGEIEIR, 2020 46 H.

PRilks, RTRLEEBEER I LIRE R A R, HEREE, 2020 426 .
Shanzhi Chen, Shaohui Sun, Shaoli Kang, “System Integration of Terrestrial
mobile communication and Satellite communication” , to be appeared in China
Communication, December 2020.

X. Luo et al., “A Scalable Ka-Band 1024-Element Transmit Dual-Circularly-
Polarized Planar Phased Array for SATCOM Application,” in IEEE Access, vol.
8, pp. 156084-156095, 2020, doi: 10.1109/ACCESS. 2020. 3019174.

B. Sadhu, X. Gu and A. Valdes—Garcia, “The More (Antennas), the Merrier:
A Survey of Silicon—-Based mm—Wave Phased Arrays Using Multi—IC Scaling,”
in IEEE Microwave Magazine, vol. 20, no. 12, pp. 32-50, Dec. 2019, doi:
10. 1109/MMM. 2019. 2941632.

KRIAKR, RIEH, w7 PREBEGSSE® GE4k0 M. dbxt: sk,
2015.

H. Nikopour and H. Baligh, ”Sparse code multiple access,” 2013 IEEE 24th
Annual International Symposium on Personal, Indoor, and Mobile Radio
Communications (PIMRC), London, 2013, pp. 332-336.

J. Dai, K. Niu and J. Lin, “Iterative Gaussian—Approximated Message Passing
Receiver for MIMO-SCMA System,” in IEEE Journal of Selected Topics in
Signal Processing, vol. 13, no. 3, pp. 753-765, June 2019.

K. Au et al., “Uplink contention based SCMA for 5G radio access,” 2014
IEEE Globecom Workshops (GC Wkshps), Austin, TX, 2014, pp. 900-905

A. Bayesteh, E. Yi, H. Nikopour and H. Baligh, ”“Blind detection of SCMA
for uplink grant—free multiple—access,” 2014 11th International Symposium
on Wireless Communications Systems (ISWCS), Barcelona, 2014, pp. 853-857.
ARE . AEIEAZ 2 HEREBORBE S (D], AbRTHEHL K%, 2019.

M. Taherzadeh, H. Nikopour, A. Bayesteh and H. Baligh, ”“SCMA Codebook
Design,” 2014 IEEE 80th Vehicular Technology Conference (VTC2014-Fall),
Vancouver, BC, 2014, pp. 1-5

H. Nikopour et al., ”“SCMA for downlink multiple access of 5G wireless

networks,” 2014 IEEE Global Communications Conference, Austin, TX, 2014,

52



SR M—EBERS 6 Poracdinidicied

[14]

[15]
[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]
[25]

[26]

[27]

pp. 3940-3945

S. Zhang, X. Xu, L. Lu, Y. Wu, G. He and Y. Chen, ”Sparse code multiple
access: An energy efficient uplink approach for 5G wireless systems,” 2014
IEEE Global Communications Conference, Austin, TX, 2014, pp. 4782-4787.
SR, FRELED 2 hk RGURIR % B IIA T (D], Me R kR 2%, 2017.

EMTT. BRSBTS 2 b AR A EERI S92 9T (D] i /R Tk K22, 2018,
J. Bao, Z. Ma, M. Xiao, T. A. Tsiftsis and Z. Zhu, “Performance analysis
of uplink sparse code multiple access with iterative multiuser receiver,”
2017 IEEE International Conference on Communications (ICC), Paris, 2017,
pp. 1-6.

W. B. Ameur, P. Mary, M. Dumay, J. Hélard and J. Schwoerer, “Performance
study of MPA, Log-MPA and MAX-Log-MPA for an uplink SCMA scenario,” 2019
26th International Conference on Telecommunications (ICT), Hanoi, Vietnam,
2019, pp. 411-416.

M. Taherzadeh, H. Nikopour, A. Bayesteh and H. Baligh, ”SCMA Codebook
Design,” 2014 IEEE 80th Vehicular Technology Conference (VIC2014-Fall),
Vancouver, BC, 2014, pp. 1-5

Q. Wang, T. Li, R. Feng and C. Yang, “An Efficient Large Resource-User
Scale SCMA Codebook Design Method,” in IEEE Communications Letters, vol.
23, no. 10, pp. 1787-1790, Oct. 2019.

L. Yu, P. Fan, D. Cai and Z. Ma, “Design and Analysis of SCMA Codebook
Based on Star-QAM Signaling Constellations,” in IEEE Transactions on
Vehicular Technology, vol. 67, no. 11, pp. 10543-10553, Nov. 2018.

X. Zhang, G. Han, D. Zhang and L. Yang, “A Lattice-Based SCMA Codebook
Design for IoMT Communications,” 2019 IEEE/CIC International Conference on
Communications Workshops in China (ICCC Workshops), Changchun, China, 2019,
pp. 169-173.

HISZ T, SCMA R A B tH S EAWE 7T [D]. WHT K, 2018,

IMRIE. 4T SCMA R GeH B S BRAUHLHIAIT 7 [D]. M 2RV Tk K27, 2018.

K. Au et al., “Uplink contention based SCMA for 5G radio access,” 2014
IEEE Globecom Workshops (GC Wkshps), Austin, TX, 2014, pp. 900-905
FHRAZ, TRABEE, EiFEE. AR A AE P g R SR SR SRR (T]. W R B
A, 2020 (04) : 15-20.

R, B, R, 55 R — AR5 B 2% 22 4 R B ORI Tt e S K e i 3

53



SR M—EBERS 6 Poracdinidicied

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[J]. @554k, 2016, 37(11): 156-168.

R, RV, IR, F. ORI MRS R 5% ] BEe
#k, 2016, 34 (14) :95-106.

Fettweis G, Krondorf M, Bittner S. GFDM-generalized frequency division
multiplexing[CJ]//VTC Spring 2009-1EEE 69th Vehicular Technology Conference
IEEE, 2009: 1-4.

Michailow N, Matthé M, Gaspar I S, et al. Generalized frequency division
multiplexing for 5th generation cellular networks[J]. IEEE Transactions on
Communications, 2014, 62(9): 3045-3061.

Michailow N, Krone S, Lentmaier M, et al. Bit error rate performance of
generalized frequency division multiplexing[C]//2012 IEEE Vehicular
Technology Conference (VIC Fall). IEEE, 2012: 1-5

Yin L, Ni Q, Deng Z. A GNSS/5G integrated positioning methodology in D2D
communication networks[J]. IEEE Journal on Selected Areas in Communications,
2018, 36(2): 351-362.

M. Crosby, P. Pattanayak, S. Verma, and V. Kalyanaraman,  Blockchain
technology: Beyond bitcoin,’” Appl. Innov., vol. 2, nos. 610, p. 71, Jun.
2016.

G. Zyskind, 0. Nathan, and A. S. Pentland, = Decentralizing privacy: Using
blockchain to protect personal data,’’ in Proc. IEEE Secur. Privacy
Workshops, May 2015, pp. 180184.

M. Tansiti and K. R. Lakhani, = The truth about blockchain,’’ Harvard Bus.
Rev., vol. 95, no. 1, pp. 118127, Jan. 2017

F. Siegle, T. Vladimirova, J. Ilstad, and O. Emam, “Availability analysis
for satellite data processing systems based on SRAM FPGAs,” IEEE Trans.
Aerosp. Electron. Syst., vol. 52, no. 3, pp. 977 -989, Jun. 2016

F. L. Kastensmidt, L. Carro, and R. Reis, Fault-Tolerance Techniques for

SRAM-Based FPGAs. New Haven, CT, USA: Springer 2006.
e, BKEAE, ZER. BN PRESMAGEMEES KR WeRlZd
REZH, 2016, 33(002) :133-138.

54



SR M—EBERS 6 Poracdinidicied

[39]

[40]

[41]
[42]

[43]

[44]

[45]

Wi, . KM EBGRESRPI AR LT]. BADESE, 2018, 39(1) :12-21.
Boroson D M, Robinson B S, Burianek D A, et al. Overview and status of the
Lunar Laser Communications Demonstration. Proc. SPIE, 2012, 8246: 82460C.
FSLIE. TPoverCCSDS 2% [ ZH I R BEHARBI A LT, 2009.

TV AME BAGES. PEMFRPUE IR S K. 2013.

James P, Lowdell J , Potter SV, et al. Design of a multiport amplifier
beam forming network for a mobile communications antennalC]// European
Conference on Antennas & Propagation. IEEE, 2008.

Tomei B, Koduru C , Sichi S, et al. Advanced Space Based Network using
Ground Based Beam Former[C]// Aiaa International Communications Satellite

Systems Conference. 2011.
T4, FEA, BREE F RIUEE SRR AR —PE S5 T]. T ETE
B2, 2020, 022(002) :144-152.

55



SR — A IBERS @ Arpaptns
st

POlE R4, XA E A 19 ZRALRI LRSS I & T8 T -

F SRR [ AR B T RTITR A IR

EIRBARIE, (B EHABIE TR RS . B oA 3 4
R L, SRIAIVEFMIMAT, 158 BB E R REHE . U E AT
SRR L, SRS AR A RBNERY, ERGEZEE, R R E™
VIR AL, I 2 SRR 5 B AS I REAN Y o B X R TR SR FIBA ) S5
SCRF, BAREAL, B ZESRINXS 2D MBI Nksl, R 66 Ka
YR, UG RO\ L A R R I S AL X SR A IO TR 2R FE T o KA
FARTLBERIBN, T4 L E R 2 A EAT A LB T, BRI TR ARHE
Mo UL RHE R R BRI L, AT, TR T . BN KB
RIE%, M SR I R I 18 2 A R S AN G BOR o X85 A A BT AT 1 7%
g, MERL—— 1Rk, B2, RS FBNAR I EE, A KK
5501, WBCR A A KA.

Gk oy: ZET

TUHRE -

LOtkeS (L) BEARATR: . ki

RS BRI AT

OB ARAR: BTE. HAFE. Wi, KRGk, 55

I E A BORBE AR T & MR, 25, X, ZR. E. =%

ALHCHREL RS X, FB]L RO, X, T2

AEFUNKRBE S BT AIR AR RIFE . WER]. 2=0]%

KREKRF: FH

HEZSEEA R A ER% . £

HEEEREAARA R 2N, Rt AiRE

FEIR G MZIEEA IR AR M2, XRKYE, £

KEMEEREARAT . RAF] . wHi. i

AR BRI RHEA PR AR gk, R EE FFIEH

el

56



SR M—EBERS 6 Poracdinidicied

HLFRHEOR Y SROZZR . HERUE . XIBRAE . 1R
V22 A5 (A JC 2 LR FU . T
RERF: W IRBEH
—EEEV b IMEE. R, &R

AL R BRI ER AR RkTE. R
AERE BRHEORE: MRt Mgk

DU FOR 20 A i m s g = gt N 51 B nBr

57






®

kR A B E R E

FuTURE MOBILE COMMUNICATION FORUM




 
 
    
   HistoryItem_V1
   InsertBlanks
        
     位置： 尾页之后
     文件来源：/C/Users/liyun/Desktop/ed.pdf
     范围： 所有页
     份数：1
     排序：是（是指逐份、无指逐张）
      

        
     File
     1
     Always
     1
     1
     /C/Users/liyun/Desktop/ed.pdf
     1
     1
     1437
     515
     AllDoc
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     1
            
       PDDoc
          

     SameAsPage
     AtEnd
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0f
     Quite Imposing Plus 3
     1
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     位置： 首页之前
     页数： 1
     页面大小： 与第1页相同
      

        
     Blanks
     Always
     1
     1
     1
     1437
     515
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     1
            
      
       PDDoc
          

     SameAsPage
     AtStart
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0f
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base





