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Abstract: An overview of the basic idea of the high—speed railway onboard caching system is
presented. The main challenges at each stage of the workflow and the corresponding intelli—
gent solutions are detailed. It is pointed out that the high—speed railway onboard caching can
effectively reduce the number of direct communications between mobile devices and road—
side base stations, improving the quality of service of passengers. However, there are still
many problems to be solved in practice, including the collaborative caching of high—-speed
railway and roadside base stations, the mining of request features when passenger request
data is missing, and the joint management and control of communication, computing, and
caching resources.

Keywords: high—speed railway communications; onboard caching; intelligence
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Orthogonal Time Frequency Space Modulation for

Channels with Very High Mobility

X EE/LIU Mengxiao, J&&/ZHOU Jing, 3K32i%/ZHANG Wenyi

(PERNSZRAAZ, PE GHE 230026)

(University of Science and Technology of China, Hefei 230026, China)

HE DT T ERINE(OTFS I HIER R FHRE , RV T BT JERIAHIB OTFS
SERMDEROFDMIBR R, FHEBESREEEPHENR T —E6MaE. MELSR
=3, OTFS WEBIWESI A2 2B ENRN RN T BRE IR , A8t F OFDM Ae s 5%
IR DEIL . BIL, OTFSEEAERFBSBMEEIRBEHEAIFERFA,.

FE213: OTFS; ;LR -2 EENS8; OFDM; IBBRgnIit ; DEIB S

Abstract: The key issues and research progress of orthogonal time frequency space (OTFS)
are introduced. The relationship between multicarrier—based OTFS and orthogonal fre—
quency division multiplexing (OFDM) is analyzed, and their performances over very high
mobility channels are compared via simulation. Numerical results demonstrate that the
performance of OTFS under strong Doppler effects in time—varying channels is robust, and
that the diversity gain can be obtained more directly than the OFDM. Therefore, OTFS has
the potential of playing an important role in achieving reliable communications under very
high mobility.

Keywords: OTFS; Delay—Doppler channel; OFDM; very high mobility; diversity gain
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Applications of Intelligent Reflecting Surface in

High-Speed Railway Communications

FiEHK/WANG Jingyu, 8% i%/JU Honghao , FHBRH/FANG Xuming

(FHFARIBAS, CPE D 611756)
(Southwest Jiaotong University, Chengdu 611756, China)

BE:RET BRI EURSHEINSKEEDZE. (IR (LOS)ESHNTLEER
RAFBEARAPNEB(BOBHEERTER T, AOEBLEIBE IRSRFES
BT, AMERER(SIE R LOS D BN EENINS , BB RAN LOS RRRMEIBES , FHERIN
IHANE IRS REHESSRIASHESHETEN, RABIESRE, MESRER, BHLIK
ZZ IRS1ZR, IRS WAL BERFBIRE T ShSRBIINTLISEFHRIVRR
BN, FEARSRBSRITEDSE THENE,

K19 : BIRTKES; BRENSTE: RTE ; KREE

Abstract: An Intelligent Reflecting Surface (IRS)-assisted high—speed railway communica—
tions scheme is proposed. For the Line—Of-Sight (LOS) dominant communication scenario,
assuming the channel state information is perfectly known by the access point (AP) and
base station (BS), the proposed scheme can control the IRS reflecting phase to compensate
for the Doppler shift of the LOS component, maximize the beamforming gain of the LOS
path, and achieve the coherent combination of the IRS reflected signal and BS transmitted
signal. Simulation results show that the IRS-assisted high—speed railway communications
system can effectively alleviate the fast fading and improve system Bit Error Rate.

Keywords: high—-speed railway; Intelligent Reflecting Surface; fast fading; beamforming
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Abstract: Global system for mobile communications—railway (SM-R) is evolving to broad-
band mobile communication systems-R (LTE-R) and 5G for railways (5G-R). A radio ac—
cess algorithm in wireless heterogeneous environment based on Markov decision process
(MDP) decision model is proposed to meet the needs of 5G-R services access to different
networks in future high—speed railway communications, such as video surveillance, train—
to—train (T2T) direct communication, and train multimedia dispatching. According to the
quality of service (QoS) attributes of different types of services and time-varying charac—
teristics of wireless networks, the network reward function is constructed, and the QoS
attribute weight is determined based on fuzzy clustering theory. The MDP decision model
is solved by an artificial intelligence algorithm, which enables users to access the network
with the maximum long-term reward with fewer handoffs. In addition, the convergence
and effectiveness of the algorithm are analyzed by simulation.

Keywords: high—speed railway; 5G-R; heterogeneous network; Markov decision process;
artificial intelligence
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BE ERLNNEELITNIINSHUBZRPHNSSHEBKBEEBTERFA. R
M, BFINERRL), EEFHLIRR, MENEETHREAFHE. TN AT, MR
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BESHETBIERSRBF THEXKEELITHESHE. SRBIINTLkEET
RERTEZI0, HEATRLIBSRILE DS THENE,

KA : Bk BRRIBE  BEhiT

Abstract: Accurate and timely channel estimation plays an important role in realizing high—
throughput millimeter wave communication in high—speed railway application scenarios.
However, due to the high—speed movement of trains, the channel conditions change rapid—
ly, and frequent measurements will bring huge overhead. Aiming at the above problems,
based on the characteristics of frequent continuous changes and occasional sudden chang—
es in the channel of the angle of arrival (AoA) and the angle of departure (AoD) between the
train and the base station, the AoA and AoD continuous changes tracking and sudden
changes detection algorithms are designed. When the AoA and AoD changes are in line with
expectations, some parameters of the channel are measured based on the angle prior infor—
mation, and when the AoA and AoD change suddenly, they will be alerted and notified to re—
measure the overall channel parameters. The transceiver beamforming algorithm is de—
signed to improve the performance of the tracking of AoA and AoD continuous changes and
the detection of sudden changes. Through the hybrid scheme, the overhead of millimeter
wave channel estimation signaling can be effectively reduced under high—speed mobile
conditions.

Keywords: high—-speed railway; millimeter wave; channel estimation
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Abstract: The viaduct scenario is one of the most important scenarios in the high—-speed

railway (HSR) wireless communications. For the composite channel in this scenario, the
probability density function is analyzed based on the Rayleigh and Rician channel models,
and two new probability density functions are derived. This can enrich the wireless chan-—
nel modeling theories, and contribute to the design and optimization of wireless communi-—
cation networks on HSR.
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Applications of Reconfigurable Intelligent Surface in
Smart High—Speed Railway Communications

RIE /ZHAO Yajun'?, ZE#K /ZHANG Jiayi®, 333 /Al Bo®

(1. BB TIZERRAERSERFENZE, PE R 518057;
2. OEARNHBREAT), PE R 518057;
3. ERDBASZHELDBZHSZEERERFEWE, PE LR 100044)
(1. State Key Laboratory of Mobile Network and Mobile Multimedia Technology, Shenzhen 518057, China;
2. ZTE Corporation, Shenzhen 518057, China;
3. State Key Lab of Rail Traffic Control & Safety, Beijing Jiaotong University, Beijing 100044, China)

BE: (FNRERREEIN 5G-Adv 1 6G KEAZ—, BEBRE (RIS) BAEBRKAA.
RERENZTIBEFHR. NEESKBEEHRERI THEN. NE T RIS BENEES
RIBENMANA, SEIHSEEINEHN. BRMEIROR. RS EREOMI=Z
%T%_%F SIZ=RENL, ARAIE S RIS HEINEHSHBEEPOXERAR, BEEElESRE.
BEOirSRFE. RRWEP. MESRESEE, INVSESHERS RIS WRNEBHHMER
NEE, BooBRsHhmE [0S,

X2ia: HEEStk; SEBRE: ITEINE; TS JERN; Belhih: KREP

Abstract: Reconfigurable intelligent surface (RIS) is one of the most promising technologies

for 5G—Adv and 6G. It has the characteristics of low cost, low complexity, and easy deploy— W0 485 L AR S AL - https:/fkns.cnki.net/kems/
detail/34.1228.TN.20210726.1647.002.htm|

DOI: 10.12142/ZTETJ.202104008

ment, which provides a new opportunity to develop intelligent high—speed railway commu-—

nications. The typical applications of RIS—assisted smart high—speed railway communica—

tions are introduced in detail, including suppressing the Doppler shift effect, solving frequent
LS EER: 2021-07-26

WisEE: 2021-06-25

handoff problems, overcoming high penetration loss problems, and supporting high—preci—
sion train positioning. The key technologies of RIS—assisted smart high—speed railway com—
munications are discussed in—depth, including channel measurement and modeling, channel
estimation and feedback, beamforming, network architecture, and network deployment. It
is believed that the combination of the new intelligent high—speed railway infrastructure and
the new electromagnetic infrastructure built by RIS will bring broad industrial prospects to
the intelligent high—speed railway in the future.

Keywords: smart high—-speed railway; reconfigurable intelligent surface; Doppler frequency

shift; penetration loss; train positioning; channel estimation; beamforming
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Abstract: The new generation of railway mobile communications will be oriented to all railway scenarios, all services, all links, and strong
security. It is expected to completely replace the existing system, and can provide high—data rate mobile channels enabling automatic train
driving, train safety video monitoring, etc. Moreover, the new generation of railway mobile communications will be the information platform
of the railway Internet of Things and the basis for the safety of high—speed railway operations. The integrated sensing, communication and
computing, the digital intelligence fusion, the new array theory, and physical electromagnetic properties of new materials provide frontier
applied basic theoretical support for the development of new generation of railway mobile communications; the technical group of “big
data, artificial intelligence, mobile communication, and cloud computing” , the blockchain technology, the high—precision wireless network
planning and optimization, as well as the fusion of building information model (BIM) and augmented reality (AR) will provide technical
support for the development of the new generation of railway mobile communications. In the current and future implementation of the new
generation of railway mobile communication systems, it is necessary to establish six design concepts of “manageability, controllability,
credibility, visibility, reliability, and measurability” , and to address the challenges resulting from the contradiction between limited frequency
resources and the continuous emergence of new demands, the high—speed mobility and reliability, as well as the comprehensive rail transit
hub clusters and the uniqueness of scenarios. Last but not least, it is of importance to explore the open questions such as selection of

technical systems, co—existence of public and dedicated networks, and heterogeneous network collaboration.

Keywords: high—speed railway; 5G; new generation of information and communication technology
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Abstract: 5G is the basic communication technology leading the future development
of science and technology, as well as the basic guarantee of economic and social
development. 5G chip technology and its industry development will be the focus of this
wave of science and technology. While 5G, artificial intelligence (Al) and other technologies
promote the explosive growth of the number and scale of device connections, emerging
fields such as artificial intelligence Internet of Things (AloT), new terminals, new energy/
driverless vehicles all put forward new requirements for chips. With the traditional Moore's
Law, size reducion is approaching the physical and economic limits. New technologies
and new materials such as new devices, advanced packaging, and third generation

semiconductors will lead the semiconductor industry to a new industrial pattern.

Keywords: 5G; chip; innovation opportunity

WAL FaEkarsl. EHA, PER
TR 56 i EoR it 71.8 11,
7 BRI BB 70% . BUB LKL T
Wi, 2025 H b EH A 8.07 /24 RE
2t A 80 ALK M (1T ) 3 4%,
A P28 7 K 3 ST — %8 K R L
GSMA 8 KA (2021 44 Bk
Boh s ) Bon, #2025 K,
5C EZRCRIAE 18424, A5
B REN 20%.
WAETLAE 10 R R ML
F 26, 3G M 4G, 56 IH =Kl 550
MYs, JFE R R AT RS
e 5C HIRALATR M, R

P55 W R IR, e k5 M )
FACHETL O SR oA e 1) S £ AR 1Y
AR, A R T IR A PR

(1) Bl S a1k

56 AR RO, T AR T
J1, BECBARANE . 5C R
JEHNZ | 3 H A A B TR A F
K, AR IR S A g . A
I, SEES T BR T B AAE E O RES,
TR T RE T, LA 2
MRS T A SRR TR 2 A A oK
1 “ZRG. ZYm. 215" NE
WL 55 e SR AEAR BB AT IR T,
=AM A, AN S, FEME

B 5]

2021 F 88 2278548 Aug. 2021 Vol.27 No. 4



EAVARSR

56 L SEF WA RAIFEERE

XUPE

ZTE TECHNOLOGY JOURNAL

s, iR EER LG
PIANTT T K J, vt 2 1) 46 3d A
SR THE AR AN TR RE (AD) I
YRBE ST M A, 3% ) 1) 3 4R
SE S R BERCR AL HERRRE ) 7 1w)
K JEo WL RE T ARk i L AT Ak
ORI 5 R e Y
BRI R P
(2) BB 2B AW
PAFEA S R0, 56 il 2 2%
G ok SEBUBE A R 4R T, 20
B R AR A T I R A sl K A
MR AN . HEAT B BT 56 2
AL R A5, RBUR I FETRR
SR 7 BRI E R 2 2
(3) _Fdi e (AL e e P i
32 %5 1 5G 2%, B AR S A5 40
el T I S 1k RE AL BEAR
FCERAFER A W R TS R
T, H Ak di s A B 2 A A i 43t
BEREJIA i o ) K B
R g —E Mot maE e, A
JEAE P AU R AR RESRE T 5 THIAT)
e B — 55 7

2 XS ARG ALREERE

HY TR R GE O IETE TN DR,
TIESEE B R A AL, ol BN A AR
o K ssik, AUCRE, it
B R G A A A TR AR
BT, RE) REEREES, JHd
1t R G A BUL RO AR UK SR B B BE
BN F F RS (SoC) Hl R G: g 4
(SIP) . ARIRAE LA AE AR K 5 4E N
TGRS, BRE. Bt AR A
&, RWEEIRE RS TTRE T 55— %
B

An R AR AR B, 9K Bl B
SRR, HET, REH 5 nm
T RO R LBMEL ™. s
RIESCHERIRRIF LA 7 R IS AF O
TEHA 3 nm TR, 2Hat

59 | SHemmER

ZeMi (GAA) dhIRE g
OB AR (FinFET) , DLl 3
MERR, Bl AL IR RS G . R
Wit T ZhEE (DTCO) | REET
AL (STCO) ZEppRH: A M5
A, A R G RN E R K 5 AREATY
R FESE

SR, A8 R, Jeik T2k
F] 28 nm UG, B A—Hn08s 5
B2 FH AL B A AR S Tt
—/~5 nm L2 SoC it A ngixiT# A,
216 nm 1.2 SoC ith i it 2 FHAY 5
o R BT 2R L RIAR R 2R a] B,
IR Eh AT FHIAB AR

1o 2 B H AR By 1 R R A
REFLEMAL I 75— QIBT AR . RIE T
A Hoth 20 R B i 5
%, KU Chiplet J5 22 3R45%) 12 Tk
Chiplet J& ¥ — B K I R P7 40 R £
ANE R, PRl S R T E
RS RIEES . A AR
AIE DI BERY Die BT LA £EAS 5] A 1l 15
T2 XFh %M Die RRE &, Jf
H AT RLE 3 Die 4145280 2 AR R 1
FoK. 454 Chiplet )7 %, 2.5D/3D i
PE BRI PR, ¥R ik
HATH—F BRI T,

SoC. 4 F4) g A1) 38 %ok 78S A P i A 42
FHE B OCHAE A AR TTE, %
TR B R (T gaf ) M
Btk (B Z R, £240 5%
A A2b B BT 2 I SoC Hp L 45U
SoC (DSSoC) JrikfT B T RGH)
Tk FLEE 17305 DSSoC 46 5 111
HAREARBSE: (1) BAEFR R
JEFIN AR PR 4, BRERE R [ A
FrEdER R BRI (2) RASEEE
S T HAE, IRTRERCE; (3)
S U BT RO A S Bt
&5 (4) ETHERITZ MR #ARIIFE |
CIERT R AE L (5) TR
FIR TR EIT

2021 F 8 ZFE 27848 Aug. 2021 Vol. 27 No. 4

3 1l 7 3 SR B

AFTRARA, IS = M 25 1A
T, Z2%F 56 APl iRk
J& ., U R T A R v A,
R BB H 250, RS
R RSB K . R AR
56 BRI . Wi, HRGETR
FELL s, RO AR BT,
PETF 7l K fik 4 R B (1C) RE T
SRR L, A B e A 7
Y R K RGEHREETT; LA
Je 3k AV 7E R G4 b AT A5 R ),
M F AR, Besh R
Wi A% s o rh 2% IR — Jr T AR
Z 5 EPIRHCGE, R A
RFFEARTLSE S T15 i — AR F
SR AR R S HE T2 1) Sk e
AR R BT A, TEE T2 E
i RGE R, M
WK SRR o

SE3k

1] =Bl , =08, tAE . 5G RARESTIINA
R U1 RSETEIAR , 2019, 25(6): 34-41. DOI:
10.12142/ZTETJ.201906006

[21 T2, ¥R, SR . EEESHERSWNED
Fr [J]. pRGEE AR, 2020, 26(2): 51-63. DOI:
10.12142/ZTETJ.202002008

£ & & N

XA, SRITPIAR
BIRABRATER
Z18. PEABZER]
EERENEBERS
BIEEZR. PEXS
IMTWINDEEMEB R
WHEEERES. &
sshydlllk=wNelf g
BEXBREBRIEE, 3
EPAERROBRA
TRHARMBIITK. REBSHARAGBIFRK.
FHRBRINBROZTRETRBEEIE; £
SMBEISTEANL. ARBETE; B8
20 REBEEMEBITEN, BEHFDT
SR EMIRINE, Freiir eeIEmEt
B2,




BRAT

5C ZXFBEPHVIERZ = RS

REn F

ZTE TECHNOLOGY JOURNAL

(=536 =]
ol

5GP IR R R S TG

Physical Layer Secure Precoding in
5G Millimeter Wave Communication Systems

B2 . ZEMRIEE—PESWIERAR, BIRXHRBEERTE R T MRS, MY
ESHTTMNE, ZRASERILESEAFBERENAR T, HGITEE, ZERIELRE
Y ESINTEBERFNLZ 2EE . WINEBEZERASB)BENLREB I, NA
EXNEERRBEHRMEEZ EMRIORA, BESLI G BESZE—MURRE. MK
HREAMSMICHBRIIES , IR MSR XY, BEREIB KBTI,

FH213:5G; 8K IERE ; L2815 ; MRS

Abstract: Secure precoding is a signal processing technique. Precoding matrix is designed
at the transmitter to pre—process signal based on channel state information, aiming to en—
sure the communication quality for legitimate users and worsen the eavesdroppers' chan-
nels. Secure transmission of wireless communication systems is realized in the sense of
information theory. The physical layer security technology is inseparable from the develop—
ment of mobile communication. By developing physical layer security precoding technolo—
gy with millimeter—wave channel sparse characteristics, it is expected to realize the inte—
grated development of 5G communication and security.

Keywords: 5G; millimeter wave; physical layer; secure communications; precoding

{2 ==/NI Yunyun'
1A K/CHEN Boging'
Z=[/LI Gang?

(. FBRHPBAZ, PE FIR 210003;

2. RGEHRDERAT, PE R 518057)
(1. Nanjing University of Posts and Tele—
communications, Nanjing 210003, China;

2. ZTE Corporation, Shenzhen 518057, China)

DOI:10.12142/ZTETJ.202104011

LS EBRR AL - https : //kns.cnki.net/kcms/de—
tail/34.1228.tn.20210727.1526.005.html
MZS kR FH7 . 2021-07-27
INF5EHA:2020-09-06

2019@6)5] 6 H,EIESXFEAT
5G R BB, 5G i fE R SR H
TR B L g A 22 % (Massive MI-
MO) 2K 3E IE 28 Z hk#2 A (NO-
MA) &5 S BEH RN B DL T IR 1Y
FERR R DL AR T 1 ms AYZEIR 3 /2 K
A R IRRE IR Y 1S 7R .
56G REEEAN K JRA W A 1 H
FPERE , EL [ B 3 265 R A g £
Bl 3 T 2 R DT 5 i 388 {5 22
4. SGIfET AR T R XF
T R A RS R, AN R L
#5225 58 17 (mMTC) | 3 58 % 3l 98 il

BB L OaN T2 HSFIE(2019ZTE0 -
02-18) ;S I NEZFXREARNZHRINE
(19KJB510048) ; ST A TR EREARIFNTRIKY -
CX17_0781)

(eMBB) %5475 I A9 7 X 4kl 55
M R KA . FRATT 5 B A
[l 5 N H PR, IR 45 A 56 8
AR FNIRR ) To L A5 8 Rp i, D58 AH
T Y 2 A A SR, LAV R 5GlAE
25 ZHRINHMERL 2R,
ML TR G0 P PP %
4= (PLS) H AR 7853 FI FH JC 4 A7 18 1 i+
ARV AN Z AR, A KA Bl s WU 1H
T 1 P — R B M S N A A
PECT (B LRI 14 2 A A5, 1 HL AR
TASRAR T 15 Go 9 % B E A S0 Bl
FART 1949 FEAECR %S R G003 5 2
WY ETERIEE X LW
“TERURT, ARG AR FEAE
RS, QR B 2 A E AL
FR 2 B L . PLSBEARLE R

LR AN IR, 5L Gk L
) AEL A0 AR R, B K e 4 5 A £ AR
S oy i

W 1 AR, PLS 40 i ) B A
TIE L JC % B 4 4 R T8 BH A 4
Ro W ZIIER A FIH IC 4 (5 18
FEPE X 43 P ST T P B3
ARFEWBE R E . THALEH
ARIETF AD.WYNER 2 H #4955 W7 7538
RN A 0 A RS B (CSD)
36 5 B 2E 4 T 4 % i B R 2 4
e LY ESNYE S, L E o
B AT G 75 58 R FH CSLAE 11191 25 %
FERE, Dl KA R 2 o BRI
PRAR IR B SR R A e, SC LA
)% 4l M o %4 gt Jr R AT
W ARG N TS A B Rk T ik

hRsERER 53

20215688 278548 Aug. 2021 Vol. 27 No.4



BRI 5CERRBEPHNMERLZ =R Ron F
ZTE TECHNOLOGY JOURNAL
MEERERA
%é;%& Ttz @ﬁii&ﬁ
eman || SRE || wemam || SGET | RRRE || Rlae
ﬁim% ATERS %ﬁj%ﬁ%

AE PEREZERAERE

A WOR SO J2 i i B 4
R R R 5 R AR 3 BT R3]
B S s RS I RE R 2 B Ak
7 1), AR 5 1 P B £ 26 1
UNITE: S iV G RS e NN 320
FFH TC 247 18 DL K e 75 9 e 13 BE L
P, A5 VR P 15 8 B RO T 59
W {R3E , DLRIE A P A R e L
w5 T IS B 4 AL g H
o KL T EREFEAE RIS 5
TR R S B R, el g3 W A
JRE V&1, 1 5 Wy 2 JC 32 R Afl it R 15
I 49 B2 5 A A R R T A
i {5308 B9 L S P A — P AR H
15 B BEHLAL AR ) TC L A 3 A2 il %
DA SEREY] . VIR LA
FrE R BEAT R GE, 5 L RS AR B
SEL S T LA A R G, W
J2 42 AT LITE 5G B R i TE 4l AR
U H R

15G EXR B ELEERES

1.1 Z KK 5 EE Massive MIMO {5 &
T
h T SR TR 20 Ghit/s (1) R
S5C ZEH A iR B 1 GHz LA . H

54 | EIREA

.6 GHz LLF 2 &% A 2 1% 1 3t B
T SG ] T =AY HAR ., 2
KW B ey A IR B
I E 2 R . 56 (K 7E 22 K K
ARUBEAR AT v 388 {7 9, O R 3
TR HLBL A U B 51 K 28 1) Massive
MIMO 52 A ke M 4 T 42 A 14 BE .
2 K 38 R A S 3% 9 W& s )
Massive MIMO, JIr H A7 (115 18 25 i
AL JIC 8 8 A A 2 3PP R T B A BR
i 1 (SISO) Z 48 BT 45 H B0 {5 38 4 &k
PR . 7F Massive MIMO R G2 5] A
PR BIEHA A e o v 2145 % fr
SV N VIRV T 5 & S DN

Pl AN [) P 22 )£ 1 B T
eV — Rk (BS) 48 AT A 4 45
PETFHEG A SEI T R
TEALE SR MIMO R 45, 341738
AR 18 N 5 A VR AR 1 Ol
/NIRRT R EAG T, R SR
U 51 R B B 2 MIMO {5 8 4 P4 Y
YR rE e N, K2 A9 Massive MI-
MO Z2 Ge5E 7 ST /K- 1 1 38 AR
TE , i RS I FH O 22 1) 4 1 A T8 5
BT LA B R Y . 22K Mas-
sive MIMO 4t (19 {7 B Al 11, X755
AE ) BESR R o 3 A5 0 T
Ll vE 2, KRGk N R
IR TAE G2 i MIMO & 5%, 22 K ik
Massive MIMO % 4t A] LAk HIVR 65 %
TROIERE R T HRH AT A, — 55
WU G ) 2 AR R R, K 2ok
AR I ST A Eh = S Sy
Vi) 3o A5 50 4 4 o ORI s e L
AR, 2K Massive MIMO {518 1955
B P DA B RO A DR, 3
T2 K Massive MIMO 13 18 19 55 61
P R H 400 SR 25 R R A DA A
HEATE AT, FREAR AT 4 -

1.2 EXKBEFERNFEEHRRES T
E ¥ SUSTREE TSI § N T =1
R S A AURE S BICH: B2 B i

BS: £if

AB?2 KNEZRASHIEAREE

20215F88 2748548 Aug. 2021 Vol.27 No.4



Bt . Massive MIMO 435 A (i 1, i
P51 T A0 PR 3 3, TR LA 5 1 i
I A T AR R I N TE A K I A 1
GRS UNE NP> S
T TG 2 3 15 14 1 T8 A R —— 43 e S
2% (Cluster—Ray ) fR 71101

P2 K E A v, FRATTR 43
SRR TR 2K AR IE < 5 T
FOR A EANFE  AGHA R AR
T2 ) — %, 22 oK Dk {7 18 A0 45 40 R
(LOS) i & F1 4y 7 i JE 9L BE
(NLOS) 42 o 22 K A i M £ 3
& 3 7R o

22 B R S AR R S SO
TR W e W BEAE A B3k A
(AOA) 5B ¥ /1 (AOD) 3 % |, 1fif MI-
MO {5 38 5 4 H A B 96 255 Btk
ALK MIMO {5 B 5 B H Y51 0 A 1
REHLAOA F AOD e ok 7

H =
Jﬁ SV S (ke (1A el (KAe,) =
UHU!", (1)
H

H,=U"HU, , (2)

Horb, U, R U, 2 R LA 0 VY

BRI 3

5C ZXFBEPHVIERZ = RS

REn F

ZTE TECHNOLOGY JOURNAL

M, e AT 89 3 2 IE 52 /Y [ 3 i
PS ¥

Ul:i]= [a,(iAp,)] iel(N,)
Ul:i]= [a (iAp,)] 1el(N,)
I(n):{lazv"'vn}o (3)

FHAR K48 AoD B AoA 1Y F1 E
[F1) B 3 531 o 56 s RS Bl 15 B9 B 41 O

Ag, = 1/N,
Ap, = 1/N,, (4)

P R A3 A FE G H, g2 R
R H PSS Ros , BV H, 215
1 HAEM R R . &
W2 5 AT LU B, H v R AT 5
JCRHMEBOR, X BT RS T H1E
(R 43 2, BT LAY SR 2 [E] 46 P H,
ES UL IRTASO (kS S

TEZZ KT Massive MIMO 240 H7,
BE T 2 K YA I A6 AR BE SR AR B
P, AT 4 OB R A {5 B Al
I, ARG AT 4

1.3 £ A= XK MIMO 1 47 55
TEL H 1 MIMO R4, Fll FH 25

435 1143 A\ (SDMA ) AR 7] LA R 45
RWCHE & EA . Z2KRIEZH
FIMIMO 2 42 7T LAZEAH [m] (8 B 1 % U
ESZAH/ R, A% E
AR K AR T T R G A
AR T LT DA A v AR 1
i BE S AR R T RE M. K2
FMIMO FR G838 5 H 5 78 & S i ic &
Massive MIMO 451, R bt 322 W50 FH
KRS MIMO 22 REHITA] o 3 AL
AT LAFE A AL 28 BV 4R T+ R G4
e, 0 nl LLAT 5k b B IR AR Fn B
.

4k 22 ;Y MIMO £ G fs Rl
MIMO % %t fig % 72 4 F FH 25 () A
BE LA Z KRG T 51%
iy, HANEOR B 2 R4 . KRik
ity K ST 5 Je 3k T S ) R P A
W15 5 Kk A B , B AT 05
SRR U B . ZH P MI-
MO Z 55 Hh i 1 2 i )7 8 ] LA Fi R 1
PeAs 5 b B0 75 50 S 56 T T4
il 1L T T P K 1 T g A T R
T 3 & i ) T A A A B, TT AAT R
Hu T R 22 P R T 4R T R R
B A 3 T LAY/ WS 1) i
JE DAL Sl ity 14 DI RE AR ]

wOE
o

DRE
Br1
R
BF2
o N
b &% B
o NLOS T/ | FBF3
\ _
\3\\ /A
N Brn
&
LOS:¥#8  NLOS:3E¥Rs H: TEis8
AB3 EXREREEEER ABE4 DRPZRASRHARER
PRGERBAR

20215688 278548 Aug. 2021 Vol. 27 No.4

| 55



BRI

5CERRBEPHNMERLZ =R

Ron F

ZTE TECHNOLOGY JOURNAL

2ERBELZETME

2.1 ZHMFINEEES

1975 4E , A.D.WYNER #2 1} T %7
WrfE IR, 7R B 5T T
FE IR AR A A, AT AR IR R
TR RE J) o A6 B A I T i
F 55 W 5 38 I, A7 A — Fh 2 65 7
3, AR5 B WO 1 TE B A 8 A
BT, SIS B L AL T Y 5
W {5 38 o3 1t P T B VA AR 2B A, D)5 22
FIANTBEFE A EAL S W {5 18
L PRUE B 2 AR

5 ok 2t A\ 20 22 K257 W
(MIMOME ) {5 18 B #8153k K ik
Alice S it & NAR K2k, RikiE2 &
Bob L & N KEL, 57 W # Eve FiL &
N KL . Alice 755 & AR % (5 Box
25 Bob, A 11t Bob il Eve BYHE {5 543
S

y, = Hx +n,
y.=6x+n, . (5)

H e C" " 3R Alice 3 Bob [H] 4
SRS, 6 e CV " R Alice
F| Eve Z [0] 9 %5 Wr {5 18 70 F% .
x e CV 2R Alice K36 155, 1t
OB I 2% 5E B N E{xx"} = Q,,

Tr(Q,) <P, P, = & K ik I K ;
n, e C"'Fln, e C" "' 43 51%R Bob
A Eve 1) % (8 i 4 52 55 1 14 75 1]
L, I 2 S E o T/ el

B 1% Alice T I i 5 [ HG 1)
A CSL, H B o, =02 =1, R
PR AN AR EE S5 ITEE
M fEE A T AR A .
C, = log, det(I + HQXHH)N,Q‘VI
C, = log, det(I + CQxCH)N,sN’ . (6)

AGH R AR T LU 15 1E
(1 {5 T8 75 kUl 25 B3 W 45 18 1 £ I 2
EORSCEL, O TR AR R AR T,
WA

MIMOME % Wt {5 18 1 £ % 25 i
CINYE T

C.(P)=, max  log, (det(l+
HQ_H")) - log, (det(I + GQ,G"))

(8)

2.2 HIE RS 4RAT

TCL 38 17 v i) 42 4 ) ] DL
A A 38 15 R 1) 43 B FIZ 0 7] T, 42
A HE T RS TRk [ T A RE ) 4

v_
Alice Nj ]

1

Yo

; E Eve
NE

ABS GIfEERE

56 | EIREA

20215F88 2748548 Aug. 2021 Vol.27 No.4

ThFH A TR A ORI . N T2
P 18] [ PR B, O ELRE S &l R
Rk v e, 7% 3030 15 R H] MIMO
GRS Y B AE B R . SG A
1 Massive MIMO % A& 7 3 (14 K 26
B\ 3 35 1T LAR b 22 K DAL ik A v
(14 ey AR A E

FRSEH MIMO Z 4830 R H BT
TGRS 7 58, A (il P 0 4 ) 4
X5 AT AL B X R AR K
LR TTA B S (RF) S I, A5
TR A U s AR 455 (ADC)/
KR e g% (DAC) 2881, Ty R G5
Sz () 52 0 Moy BE G 35 . TEBUT
Sty S A5 5 1 g AN AR 437 T LA
RIGWE, WG RCR . HAE
Massive MIMO ZRZ¢H , { Fi] 42 5 10
Gt 7 58 57 AR B I R 4 AR
e, UL AE SG 38 15 H B4 1 4 55 7
FRTHE, AT A R A5
ST % . BT g 4 R 4R
A P 90 4 D R 4 A R i 272 15 5 11
FABE, I 38 MK A AR T #E 19 B+
i ot BURA 7 B4, DR D26 55 3k 2
14 £ B 5 R, AR T 2 A5 7 2 T A2
M fHFR T = X e A o B
4 5 B P i L B TR D 22 . N
TR ARA R 2R 8 25 1 [ B U2 A
S, AT A/ R S A i 2 IR
T 200 R 5 B A 9 2, SR AR
R HEAT T LR 1B 1 Bl & S
R,

P 6 Sk LAY 1 2 R R AR &R
SRR RGP NN BIE TR, &k
WS REBORIC A T N, N IR KL, &
T i B 28 Hl B P A F 61T
FHALFS  3  VRAS BB B
2 . RF BE RS E N, < N <
N,, B4~ RF £ B3 5 N, A B A 28
P& KRR IR i B A AR (5 5 kA T
PTG AS . 6 LR R R4 R, Kk
Ui 2R FH N s N ) kT G A i



Fy FIN, x N B RE RSP F o
RF F9040 % R F oy OO0 28 0 EE AR I
RO RS AL AT IR
A5 || FreFill 7= Ny

F R — AR AR I,
WO R 5

y= \/EHFKFFBBS +n, (9)

HA N, x N, 5B, p RET-1
FW T R 2 A BT IS S
CE-Z 8
y =\/p WEWLHF  Fys + WEWin,
(10)
o, W & KANR N, x NE ) S5
HAEHE, Wy KRN x N
AT A AR . 5 T G B R
AR, W 38 35 B A R S BRI LT &R
Wi B AR ) o AR R AE I A5 oA v B
5, RGAIE R NS,

R =log, (Il +

P .,

ﬁRnlWéIBWIIKIFHFRFFBB x
FgBFgFHHWRFWBBl) ’ (11)

Horb R, 2 20 d 4 & 5 B9 e B
JidEe

BRI 3

5C ZXFBEPHVIERZ = RS

REn F

ZTE TECHNOLOGY JOURNAL

2.3 IR

W oI — Fh e i 2 K 2k
FoAR i i 8 g K 1 R LR A R B,
il R FEMXHAES AR U P, AT
WE SRR o R U B ik
FH P A5 W EE , I B AR e 27 T 4 1Y
fEME L IRTH R K

7 N Massive MIMO & 4t .
Massive MIMO 2 4 W 1) K 26 B4 %) Sl
SR E [ RO L T AR i
A TR T 28 o R 2 3 G2 1) 1 5
W AR, AE A A ) 55 0 AR B A
MG IN{EE A .

SCHR1O0TRIFSE T 22 K i MIMOME
RGN BB & T A , 7E © 5 U
A CSURYIG LT, $i Hh A 400 100 25t 1) 45
L A 28 BB A 1T LA B 1k £ B
# I T RO (R R B
i B FNZH A 7% LA e KA 28 4 iR
SCHRIIT]4 H , 76 225K 3 MISO & 4¢
rh, AT DA AR S A TE AR AR OR Ay
MHE B A, LIRS B AR H P A g7 Wy
A IA) N A5 T8 AR B0 H B R 4) A
PR, S A K LA i (MIRT) 32 422
REZR (0 P & ik 20, 91400 F s ik
ShoT T & o T O 2% P AR
£ MISOSE R 4, SCHR[12]48 1, fiff

FHARE AL S S5 4 , 1R &2 1 vh
1) 22 0 ) i gt e B2 JRE 5 B TRD RS, AR
5 TR R AR A AU [ i, NI FE 2
W A A5 T A AHASE , 78 5 W oAb
PR REALYE . A B BE AL AR 07 e
TSN 2 R SR A ) o v, 7RO B R
AV 22 ATt AR 5 G T ) T A ) 4
T.AG SR T R, &
MISOSE & 4t , SCHR[ 13180 2 1 i 1%
5 A 45 B AN AT 23 2 ) SR A 2 A A
14 0T 2 R ISR 428 B (PWPA) 45 44
el R N el K
g H AR RN AL I AL R 287 25 6] 4% 4
AR FIFH K 2 50 1) st (LA B 48 L
AT I 1w ) S AR VL S R U
A N T e . PWPA B T 2o
H AT RMEE T T R SR
il

R LIBIR IR S L =P S 7
W AR R v, SCRk[ 1435 T R AL BH 28
AR ] 5 LAY, 4B A 7
A BH FERHY (AN 2 M L SR O v
W7 ARE 23 N A5 PR M, 4 5 LOS
FINLOS By 25O v Wk 32 11 1
N, R B ZE SR T R G MR
1557 WT & BEAIL 43 A 19 37 5 b, SCHR
(15145 2 K DA 8 R, 9 3 Bl AL

—RF@%%@_T
‘@1%
— &
— #
N, Z%? NEF Fyp N,
.
-
—»RF%@_Y

N, BINIHR LS
NI BTSN S

N,: BB S
N, ROEREHE

N R IRIRETIMEE A S
F o TUREDRERE

L@% RFHE —|
ﬁﬁ*'@i
2 [
Wy : j\/"”‘ %“% N
z w |
B

RF 5 |[<—

W HE SR04
RF . 515

B

AB6 BRRBERFER

AB7 KRAESRAZHLEARS

PRGERBAR | 57

20215688 278548 Aug. 2021 Vol. 27 No.4



BRI

5CERRBEPHNMERLZ =R

Ron F

ZTE TECHNOLOGY JOURNAL

RH 2 FIL 25 rh TR 3 1) P 45 283K X
AR S HOG B R 50
A BRI IR Y 7 2 TR R i
T HEGTE P T AN, i
o7 B s LR . Rl 8 mT AR
53 T B U5 5 T3 5 Ak L 57
WrRE Sy (R, AR BUE I R 2
17 LR BT RN (o SN e S ) i
{58 XA B P A AR ME S

24 NITIg=

N T P R i Rl i 7 A%
55 I [R5 A ik T AR AR
B AT AT 5 o B N TR R X
HEGIE E BN E 2 ML TIE S
YER o7, NI AT DA KA 57 Wy 2
15 R LE Ak B T 15 T8 T 4, [
NSRS P [R] Y38 A o

8 hy 56 3E 15 Hh iy ki 2
FURLHRL  AE B RL G 22 P A o AR
rh, Bt v 5 G P AR T IR R Y
5o G o v ] LAy R S 2
SRR R NNl o
5o R CSU i A T 5 6 1 T
P PSR E I P Ry Z 25 |, w] L
THLGT W {5 18 458, B A5 W 25 £ 1
Ll , DT A A5 O3 5% 25 kAR £, Bl 5

AB8 BRISZAPER

58 | EIREA

St g
SCHR[I1WFFE T MISO 2 K % &
ESIOE 7B =R ol [ N i
e FRom B UG B IR A
TR Ty I E R R M G R iR
R L E SV EST e PN A
AL, R N LS 505 5
M DZSBE S8 SCIR[ 161 9T =K
U2 2106 DO 3 A, 3 VR A D AR U
F S KGR HEMOTT | 1) H bR T ) kG
N TR A A% 5 1 AT A il
W7 1) S N TR 7S 8 i 1 &
AT LA G ) 57 Wy 1) Gk e TS
TEZL K MIMOSE £ 42, 15 53
Wr 3 CSUARFN G OL T, SCHR[1 7158
BT N TS IR A W R B % .
%5 %8 AT AE v e T 3 IO B
(Y R, K 22 A i P49 R 55 o ek 4 4 7 T
7K
SCHER[I8IFSE T 22K I R Gu 18
T&AT T (12 A8, IR AR B A 2% S
EHIER A B3 T ST R B T
BT A P R T B AR T Y
UNERU YRSy S TR S T
TR IR EFZN AN, e/
AR5 T E R | [l B HE S T AR (S
55 N T ) f AR T R 43 L 1 P
HREA
BTN T2 B,
I 38 ok A T AR 5 R L 5 T AR
i, AR A A P T R T e
W {5 18 5 o, DT S 3040 223 2 4 3
15 o N MR RS F RIS T 45 43 WL T
(FDD) AR 43 W T.(TDD) & 48, Hor
ESPaIN Nl iR e F I RN O
MTTH B G P 4. #57 A
TR RN Y, T RE S RRIN A
AR T RE B R EURUE S
WL R

2.5 RE&EFEIXF
K& FHRBEBERAEUESTEH

20215F88 2748548 Aug. 2021 Vol.27 No.4

FUOIESR A S R T PeEL BT
5 A R A LRI 5 1 R B AR AL
J M WAL RG = AR IR A, JC Ik IE
fi DR A S, DT B AR 2 A5 5 1 15
R

SCHRT1914R i, 4 S % 3% i g 4K
5B vk B it AN 53 WT A 1) €SI, ) Ap
DA $R 48 A 5 i e K I — IRk
AR5 5 QSR A 2 O 1Y)
CSI, W] DL #5065 7 15 18 25 1 fie
RIIREARAL G AF 5. SCHR[20]48 1
— T T A A R G AR R A
JIE 2 T A AR . 3 IR B B8
(18— 43 R 2R LA 5 3 23 0] o] 8 255
D7 1) V&L T T T 5 1) 1 48 55 T Wi )
SRR, FEAE Ay 1) A R AL
JEE . SCH BRATTE R R L e B
B BEALR 2k T 4R BE R S RLR K
K& THEEPE, MHLRL THEERE
AN SR A 1 P O I R RS I £F
SR AE 2 BEHLAL SR 1) 57 0T
0 22 WU o R B FNAR 7 o T 35 T 48
PR KRR FHER B AT, T
DA IR Bt WL R 4 4 1 5 o S5 I A
KA [, 0/ i i U . SCRiR[16]
i — K 0 oK A R
GRS TR
5 R R G 1% 7 AR Bt b1
PR T HEMA TR G  [RI,
ZOT T UKAE B S k%8 B s
Belds  BIART A R AR HAR Ty
R IEMER . RGIRAT IF R,
GIVTH TR R L

KR 45 1B 5 3 3 45 ) R 2R 1
FF -SSR a7 W & 2 R L H X A
EHP IR W, W R EL
A5 R AR T T 2, S 0 PRI

345RIF

5 45 e F 28 1 24 1 I s ML 2
IV SC B AR H 235K
B ATk . PLS T AR R {5 5 b



F it H AR Sk S5 56 #% 3hil 15 R 40
(R PR | TR T2 A T 5
e TR TGS AR R L
TR A2 A Jm b SEER S T P
B A AN . R R R T
Rep Ml 1 R 28 - 4 3 8 56 22 4 T i
T R RL RS P 550 E 1
Al 7 a 22 05, NI 48 =5 56 % ol
BEREMMHIERE. PLSHAR S5
LI g N WS S B S A
T R T T e ) B )2 2 4 T G
R AW SGHAE 5% 41k
L& R .

B

[1] POPOVSKI P, TRILLINGSGAARD K F, SIMEONE
O, et al. 5G wireless network slicing for eMBB,
URLLC, and mMTC: a communication—theoretic
view [J]. IEEE access, 2018, (6): 55765-55779.
DOI: 10.1109/ACCESS.2018.2872781

[2]1 BLOCH M, BARROS J. Physical-layer securi—
ty: from information theory to security engi—
neering [M]. Cambridge, British: Cambridge
University Press, 2011

[3] SHANNON C E. Communication theory of se—
crecy systems [J]. Bell system technical jour—
nal, 1949, 28(4): 656-715. DOIl: 10.1002/
j.1538-7305.1949.tb00928.x

[4] WYNER A D. The wire—tap channel [J]. Bell
system technical journal, 1975, 54(8): 1355—
1387. DOI: 10.1002/j. 1538-7305.1975.
tb02040.x

[5] BOGALE T E, LE L B. Massive MIMO and
mmWave for 5G wireless HetNet: Potential
benefits and challenges [J]. IEEE vehicular
technology magazine, 2016, 11(1): 64-75.
DOI:10.1109/MVT.2015.2496240

[6] AYACH O E, RAJAGOPAL S, ABU-SURRA S,
et al. Spatially sparse precoding in millimeter
wave MIMO systems [EB/OL]. [2021-06-
05]. https://arxiv.org/abs/1305.2460

[71 CSISZAR |, KORNER. Broadcast channels
with confidential messages [J]. IEEE transac—
tions on information theory, 1978, 24(3):339-
348. DOI: 10.1109/TIT.1978.1055892

[8]KIM C, SON J, KIM T, et al. On the hybrid

BRI 3

5C ZXFBEPHVIERZ = RS

REn F

ZTE TECHNOLOGY JOURNAL

beamforming with shared array antenna for
mmWave MIMO-OFDM systems [C]//2014
IEEE Wireless Communications and Net-
working Conference (WCNC). Istanbul, Tur—
key: IEEE, 2014: 335-340. DOI: 10.1109/
WCNC.2014.6951990
[9] ALKHATEEB A, AYACH OEL, LEUS G, et al.
Channel estimation and hybrid precoding for
millimeter wave cellular systems [J]. IEEE
journal of selected topics in signal processing,
2014, 8(5): 831-846. DOIl: 10.1109/jst—
sp.2014.2334278
[10] TIAN X W, LI M, WANG Z H, et al. Hybrid
precoder and combiner design for secure
transmission in mmWave MIMO systems
[Cl//GLOBECOM 2017 — 2017 IEEE Global
Communications  Conference. Singapore,
Singapore: |[EEE, 2017: 1-6. DOI: 10.1109/
GLOCOM.2017.8254019
[111JU Y, WANG H M, ZHENG T X, et al. Safe—
guarding millimeter wave communications
against randomly located eavesdroppers [J].
|IEEE transactions on wireless communica—
tions, 2018, 17(4): 2675-2689. DOI:10.1109/
twc.2018.2800747
[12] ZHANG X J, XIA X G, HE Z S, et al. Phased—
array transmission for secure mmWave
wireless communication via polygon con-
struction [J]. IEEE transactions on signal
processing, 2020, 68: 327-342. DOI:
10.1109/TSP.2019.2944751
[131HONG Y Q, JING X J, GAO H. Programma-—
ble weight phased-array transmission for
secure millimeter—wave wireless communi—
cations [J]. IEEE journal of selected topics in
signal processing, 2018, 12(2): 399-413.
DOI:10.1109/JSTSP.2018.2822048
[14] VUPPALA S, BISWAS S, RATNARAJAH T. An
analysis on secure communication in millimeter/
micro—wave hybrid networks [J]. IEEE transac—
tions on communications, 2016, 64(8): 3507—
3519. DOI:10.1109/TCOMM.2016.2587287
[156] YANG W W, TAO L W, SUN X L, et al. Se—
cure on-off transmission in mmWave sys—
tems with randomly distributed eavesdrop—
pers [J]. IEEE access, 2019, (7). 32681-
32692. DOI:10.1109/ACCESS.2019.2898180
[16] ELTAYEB M E, CHOI J, AL-NAFFOURI T,
et al. Enhancing secrecy with multiantenna
transmission in millimeter wave vehicular
communication systems [J]. IEEE transac-
tions on vehicular technology, 2017, 66(9):
8139-8151. DOI:10.1109/TVT.2017.2681965
[171JU Y, WANG H M, ZHENG T X, et al. Secure
transmission with artificial noise in millime—
ter wave systems [J]. IEEE transactions on
communications, 2017, 65(5): 2114-2127.
DOI: 10.1109/TCOMM.2017.2672661
[18] TIAN X W, LIU Q, WANG Z H, et al. Secure
hybrid beamformers design in mmWave MI-
MO wiretap systems [EB/OL]. [2021-06-
21].  https://ui. adsabs. harvard. edu/abs/

202188

2020ISysJ..14..5648T/abstract

[19] ZOU Y L, ZHU J, WANG X B, et al. Improv-
ing physical-layer security in wireless com-—
munications using diversity techniques [J].
IEEE network, 2015, 29(1): 42-48. DOI:
10.1109/MNET.2015.7018202

[20] VALLIAPPAN N, LOZANO A, HEATH R W. An-
tenna subset modulation for secure milimeter—
wave wireless communication [J]. IEEE transac—
tions on communications, 2013, 61(8): 3231-
3245. DOI:10.1109/TCOMM.2013.061013.120459

fE & @& N

REZT, FARMEARZE
WDEX =2 B2 2 SR 6
RE; EBRHRIBA
VIEEZ = M8 &
RWEBZIF.

|

FRBIK, A REBEB R
TEN SRS T
RE; E2HRAEN
EXRRBERFMEE
ZERR;BERPE
A 217,

-

=R, PBENRDE
(EN=IISENER = INGE
WREI, NINHMER
NNENAF ; MECD-
MA/WiMAX/LTE/Pre5

G/AG EHT B ATD
20T 2T RO B
REEBTIE, RTINS
R, BBERIPFER 1511,

GBI AR | 59
52745488 Aug. 2021 Vol. 27 No. 4



Nature Flow: %% 2 ZHAMAEARSRAIBEILLE
ZTE TECHNOLOGY JOURNAL

RAT SR 5

Nature Flow: i £221aliteg @

R EHB PP LE

Nature Flow: A New Forwarding Architecture Improves

Future Data Center Network
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Abstract: A new data forwarding technology Nature Flow based on the comparison of port
terrain values is proposed, which can effectively ensure the no—loop forwarding of layer 2 data
and improve the network opening ability of the data center. The value of the new forwarding
architecture lies in the following aspects: the acyclic forwarding ability of large—scale two-layer
network with topological rings, the end-to—end distance perception ability for the application
in open network, the rapid convergence and self—healing ability of network failure, and self-
tuning ability of traffic in network congestion. The new forwarding architecture is expected to
change the existing technology and help the future data center network construction.

Keywords: Nature Flow; port terrain value comparison; no—loop forwarding; self—healing ability;
end-to—end distance sensing; traffic self-tuning
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