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Reflections on 6G Networks

#%lE X /YANG Fengyi, XlIi¥ /LIU Yang, % /YANG Bei
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(China Telecom Research Institute, Beijing 102209, China)
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Abstract: The continuous evolution of service requirements promotes corresponding changes
of mobile communication network. 6G network will become an integrated network to realize
dynamic adjustment of service resources, reasonable allocation of computing resources,
and coordination of service and network. The development trend of 6G network from the
perspectives of 5G network development and 6G service characteristics is introduced. It is
expected that 6G network will take the deep integration of network and computing as the
engine, develop and evolve in the direction of cloud, network, edge, user and application,
and realize the flexible adaptation and resource collaboration of full frequency domain, full
scenarios and full services.

Keywords: 6G; network architecture; cloud-network-edge-user convergence
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Abstract: 6G is expected to bring networking technologies with higher throughput, massive
connections, and pervasive coverage in highly-dynamic environments to fulfill diverse appli-
cation requirements. It is believed that artificial intelligence (Al) will be a central driver in the
evolution towards 6G, and 6G will enable a new generation of Internet-of-Intelligent-Things
(lolT) applications that require ultra-low delay and ultra-high reliability, such as future intelligent
transport systems (ITS) and smart cities. The technical challenges faced by the lolT are dis-
cussed, and the important technical fields involved in the lolT are put forward, including the
new machine learning paradigm, the knowledge map technology of the Internet of things, and
the heterogeneous collaborative computing architecture. The future development of lolT is
also predicted.
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Abstract: The research advancement of 6G technology from aspects of scenario and perfor-
mance is introduced, and the development direction of intelligent Internet of Vehicles (loV)
system enabled by 6G is analyzed. 6G key technologies for the loV system cover five aspects:
large-scale sensing and decision, space-air-ground integrated communication, multi-layer edge
intelligence, digital twin traffic, and edge service security. The 6G empowered loV system will
promote the realization of intelligent travel, ubiquitous service, and global control of the novel
intelligent transportation system.
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Development and Challenges of Terahertz
Technology for 6G Applications
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(1. State Key Laboratory of Mobile Network and Mobile Multimedia Technology, Shenzhen 518055, China;
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TAIER. BEEIR S NMZEANEERITEERE A, REEERITHE S ARE. /MR
ERNRE 3 MEEAMZN AR, B8, {IWAMZRHROWIERIE, @it TYIRERP.
TBhRIS. BAMEZEAZEH (UM-MIMO) , AIRIEAEAZH] (MAC) BRREIR5ZE

RIB, RETERTAMZIMERNEEBRE (RIS) AR, FRIVT RIS KEREH &ﬁ%ﬁ%i&ﬁo

KR A &R, WAZs; EFME,; SEBRE
DOI: 10.12142/ZTETJ.202102005

W0 28 b B 31E . https://kns.cnki.net/kems/
detail/34.1228.TN.20210402.0959.004.html

Abstract: As one of the potential technologies for 6G system, terahertz technology facilitates
data-rate improvement, ultra-dense connection and low-latency transmission. The propagation
characteristics and channel modeling methods of terahertz band are studied in this paper.

Based on the special spectrum characteristics of terahertz, three kinds of terahertz application
MLBHAREES: 2021-04-02
UNFBEHE: 2021-02-25

scenarios including macro-scale, micro-scale and nano-scale are analyzed. Then, potential
schemes to design physical layer waveform, modulation and coding, ultra-massive multiple-in-
put multiple-output (UM-MIMO), and media access control (MAC) layer beam management in
terahertz system schemes are given. Finally, the reconfigurable intelligent surface (RIS) tech-
nology is introduced which is applicable to the terahertz frequency. The key enabling technolo-
gies and solutions for RIS are discussed.

Keywords: terahertz; propagation model; application scenario; baseband signal processing; re-

configurable intelligent surface
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Opportunity of Faster-than-Nyquist Technology in 6G Era

FEiFIE/WANG Yafeng', &%/JIN Jing®, £f5 2/WANG Qixing®

(1. JCRBPEBAS, BPE JLR 100876;
2. PERIEAARR, PE IR 100032)

(1. Beijing University of Posts and Telecommunications, Beijing 100876, China;
2. China Mobile Research Institute, Beijing 100032, China)
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Abstract: Faster—than—Nyquist (FTN) technology is regarded as one of the key technologies
of 6G in the future. The technical principle, implementation scheme, and application of the

FTN technology are briefly introduced. Combined with the current research progress, the
application prospect of FTN technology in 6G era is explored, and the future development

of FTN technology is predicted.

Keywords: faster—than—Nyquist technology; inter—symbol interference; 6G
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Abstract: The space-air—ground integrated network is an important part of the future 6G, detail/34.1228.TN.20210401.1717.011.html

which can be well complemented by the unmanned aerial vehicle’s (UAV) line—of-sight
(LoS) link combined with high—precision beamforming. However, the random channel
characteristics of mobile users can easily cause channel capacity imbalance. In this paper,

LSk EER : 2021-04-02
the Noisy—Deep Deterministic Policy Gradient (Noisy—-DDPG) is proposed. To maximize ITFSEEE. 2021-02-19
communication fairness and system capacity, the Deep Deterministic Policy Gradient
(DDPQG) is used to optimize the allocation strategy. Besides, fairness and channel capacity
are differently emphasized by adjusting the reward function policy parameters. Moreover,
the learnable parameter noise is used to disturb the policy network to obtain a more rea—
sonable allocation plan. Finally, various simulation results to verify the effectiveness of the

algorithm are proposed.

Keywords: UAV base station; resource allocation; DDPG; fair communication; parameter noise

T NHUE R B s ik, il 854 A A, E— D TAN/DNX

ﬁ} [ FURWL, BT 203047, LA &

F vl o 3219 56 7 sl f5 8 TG
P H 25 B 55 T oKL, R
SR AR 5B e A Vi R BEUR L )
P S5 B A B 2 A ) PR B
BN, TEILE SR, s 8
P ab rp B AR Z BN E R TT
T 378 1) 2 i MR 55 4 A AN ) il O
Ui FH P AR A2 P 50 Ak R 5K

5G/#E 5G(B5G ) i 5 55 il 530 4% Ik 55
i, IS5 A R B 0 R IR Y iU
] P 5 1 £ e B 2 R, DA D 488
JE T, AR5 I K S A i B
SRR 5 R U X — B S [ 1,
W TCNMHLEE 5 R R oA e 28 K b — 1k
A I 28 1w ] 5 R, DA 43
& 5185, SO — R BA 10

JH P BE RIS B 47 S A 1T 58 )
S FNEE Y, FE il B — 17l 9T )
RG> e TR W AEAE 2338 /N X N 7
A A . — A B A R
B AL BE A 28R THHT P 3l 15 1 2
P IR R G R R

ﬁ@%ﬁ,}\TﬁE“ﬁEfﬂmﬁ}‘*%‘J
FUAR PR | T SCIR 1) 25 40T e Rl 5

RsERER 3]

2021548 £527%5288 Apr. 2021 Vol.27 No. 2



L —METFATHENTEANBEIGRESERRAELE IEBRF
ZTE TECHNOLOGY JOURNAL

K KA 3 T AT A 5 &
J& o KN T RE S E AR H AR A LY
AL JE R H 5G 66 1 — A KR JT
o R BE 5k Ak 2% 2] (DRL)BTH A ik
KAERAE SR BOM 2 4 p S e 1, e fig
Bl o 300 £ 0 R 2 A R I R A
B Y shVE PSR, SRy JC A BIL IR 3 5% U5
JA R R BRI TR RES O, B BT
KREFERFHRANBAER  RGME
A A S T, LA A
2 55 5 2 (QoS) T 3K , {H A 25 p& H P
AT AR SRS Bl 5 A &
E R RE AL FED,

Shy it {5 T 75 R SR AR I ) 8, AR
SCHR T — il 32 8 S ) I s R
JE 0 5 P 5 6 JE (Noisy-DDPG) TG
NHLEE IS T 3 A7 58 B vk e g
58 DDPG KAl 255 n] 2 2] SR
Yoy A HATHTIAR R | e Ty 2
MR BT [ 19 305 g R 5 3 e I
S Ut 14 SR s AR TG N ML 3 il il
{5 SRR, S A 3 40 A7 114 b 1
F AR R G B A 38 (R IR A I T R
4% 42 DDPG Yl 2577 AR e, Noisy-
DDPG Bt 51 1 75 1 P i < 76 35 5
F TR S F8 B4 1 T AT L3RS B
RGP E A

1 REHEE 5 o) A&

g 1R TR S DI IE T
TE XS, FR AR5 TE AL il B 5
72 H bR X 25, TR A 58 A
YEEE X N2 Bl 1 FH P R 1T 5)
ASGEURI B, 60 2 P A mAE 1
) i e KA P B (FE A 5. Fefi T
P, F B, 53 3R TE B3 K
Sy EFIA] A 58, LAAr 2 T2
XF P HEA T 843 L , FEORUE TP
14 [} e KA I 2

11 SHEERE
TEAN R B0 E I T $5 8% 5]

32 | EIREA

KL TCAMLAEZS X n 1705

P ) =

—b(arcsin ( h y-a)? ( 1 )

Horr a b AAEARESE, h A TN
LR B B d, (1) A oI 20 D AHLE]
AP n e .

1 T LoS 1 E ML FE (NLoS) 4 #%
BRI A 25 5, FRA T R
FHLYS () FULYS (0) 43500 3 7R o5k 200 6
AHLENH P n ) LoS 5 NLoS % 12
FE:

(1) = 200 e )
1) = 2000 T g
(3)

o f ORGSR, ¢ hIETH & F
Exies 77 1A LoS 5 NLoS %% % T 14 Bt
INBFE o

B 20T ML P n i AR 4
FERT AR N

L,(t) = P ()L (1) + (1 -
P (O) L (1), (4)

A1 TSRS X P n i)
RSN R P, (1), FFETEHN B, (t)o
B TR T 56 it i ) I e
IR RE U E s N Dl TS EE R 7
SO AT D)2 . e 2% P {E
ZEE RN ¢

Conn) = XC. (), (6)

o g T 5 207 17 B T 2
L Con (1) S 120 AT P00
A T I £
P, ()5 B, (1) eREL.

R

1.2 ERREE

B ICNALIE XS P o Bl 98
KD AR T Rl
G R I TR A 1 A 5 T e
KRR G S At /)7 X AT e
SRR B, B HU) £
AT B T o3 BE 268 SR 3 5 R R
DASge B i {5 T8 A 4, T JFCAd P 7 D)
FABAREEA RN, AFiE
R A AR R UE B A e I

by

L ﬁﬂ, di

( A)

T AR
momEe
STRIOERLS
— S

D5

AB EANEISRIBEIR

2021548 2827#%55288 Apr. 2021 Vol. 27 No.2



TR SRR, A I /A PR O 280 A o
M5 IE AR 2 . AT W AP

SRR R 25 5
(Zﬁ@)

foy=t L 7
J%Zﬁm)
C

f = (8)
y.C. ()’

Hor f (1) FoR (B 20585 R AT
FREC S (1) € [0,1].f (1) BERARZR X
Bt J5 5 F F P B B i A 22
M, FEAFHEMEN T BRI RS
(RS IS &R A= TV

max f (1), C,... (1), (9)
N
s.t Pn(t) = Plolalv (10)
=1
N
B,(t) = B, (11)
=1
B,(t) = B, (12)

3 (10) (1) R B F IR B 24
HL A (12) RS F P B SR/l 5
ok (HARER M, i TRk 20 4
AP B AR I FE A 8], TE AHLTE DR
TE A V388 5 B 3 25 7 B U8 43 e I
W Bl 1) 30 25 FH P ABARE , DA T 48 T AR
HEAREEE NG RGERE,
XA RE 23 RS- M E A R ST
R, NS850 () N34 45 45
C o TCIE R IR B 5 KA, 7EAN [F] 3
S METRES AN E M E

2 & F Noisy-DDPG B & iR i
EE X
158 7k vl R s AL Bk R

L —METFATHENEANBEIGRESERRAEZLE IEWRF
ZTE TECHNOLOGY JOURNAL

TR R KBk A R R UGk
figp R LA B TR {ELK — 3 — i
FH T30 15 8 PRSI VR BE A
[F1 o 249 75 A0 A [ Hh 4 b BEA TR AR
XA B 2 TR, b i 2
A (R I TR A AN A7 S
KA . DRLJEF AT R 1
M2 R, 52 I S RS B e A
PRI 1 L M, A SN S ) ke
FO7 I HA R AEE . FIH DRL E)
1Z AL BE J7 g % b BRI i 1 2 B

2.1 FiRFE R MDP &2

S AL A7 2 R T AE H R ] R Tk
Fl & (MDP) B fili =z 1, 38 o 48 ik
(5,,a,.7,,s)) LI | Fx K AL Bellman J5 72
PR BN R . s, o e ZpIR
L a, HOERNE , r, R E S 1
BAIL R L 5] R R MU 5 e B 2 Y
T — R & . MDP @ W
(S.A.P.R,y) #4753 L, S MR =
], AR EhE2s ), PR RS 56
P, R 2D =3 18],y A dn e - (R
R BB AR LR AR L) .

5T AL KL 3k 4l B 38 15 09 37 52
oL AT — A IS T A P BEL
& B it AR R MDP RS . X R
A LARIETE A PR B s R LT
RV ME A BT LS B R K
o BARUE, P 23l 5 TC AL
L HEAT OCHR O B B AR R
b b AT BE S A A A R OE AL R G
(GPS) bA& 2578 AHL, e AHLAHK I
HOE AL 85 W B P o i B2
By o R E ST B A I I DX
WRFFMEDL, TR s, AT 0E L

S: :(dlvdZa.“adN)o (13)

dpi € [1,2,+ N1 i 21T ALY
BAIEE , SIE o, RIRTE (W 205X s,
ARZS T A8 15 5 IR BL SIS

a, =(PMBH)7n6[1929'”9]\/], (14)
N

s.t. ZPH = Plulal7 (15)
n=1

N

ZB” = Blolul’Bn 2 Bmiuo (16)

n=1

SR N STEEE SIS N
AT 241 1 25 5 1 i 5K ] B 277
TRV 58 0 B AR i 8 i iR
T EW R AR (15 (16 R, &
ATTH v R AR TE AALIE X 2 w54 b
ARAS TR U 43 T SR W 1 22 45 43 .
T/ (1) FC,,.,, () 3K A9 b TE 7%
] s 35 B R KAk, il AN
X 38 A 1 5 2K AR R Y sl 3
TS H TR XA F 18 OR [
JE T

ro =S (€0, (1) + Af (1), (17)

2.2 DDPG &%

T Q M4 (DON) 32761 T
DRL ], B #h 25 ) 45 fife £ TG PR 4
A AR S LI (0], % 48 DQN 3 28 ik
F A 5k 2% ) Bk HORR Ab 3 B
A BRI s 723 8], 1 DDPG 533 )
FH Actor-Critic A& 2 18 72 11 5 W 6
JE 0 5 2 i ke T 3% 252 Bl 4 3 T B o
) )

DDPG 7k g LT 444 ™
B AEH  Actor B SZ X 2% A1 Actor H A
I 265 (%) 45 ¥4 AH ], Critic 3855 ) 26 il
Critic H AR M2 L5 MR . VE R
W 2%, Actor P28 F R A 4 Atk 25 4
USRS 5 7 A PEAR N 45 | Critic )
25 R Actor B HE A SEWE L4
Q(s,a,) PREL, T 6.0 53 BIFRIR Ac-
tor B S W 45 2 H0F H AR M 248 258, 09
10 53 7R Critic BSE R 45 2500
HAn M2 S50, X T Critic 2% [ 5
B FAT A SO I R B

PRGERBAR 33

2021548 £527%5288 Apr. 2021 Vol.27 No. 2



L —METFATHENTEANBEIGRESERRAELE IEBRF
ZTE TECHNOLOGY JOURNAL

1
JO0%) = X L+

(8w (8544
Q(sia;

o)) -

0T, (18)

Forr, V2 DA ZE 56 [l o SR R Y B
PEHLR KN 0 (5,0, |0#) H Actor H b5
R0 2 5 T — AN RS R Mg Al .
Tofs 2 B 1 5 2R BB Crritie 1T LA
FEXF QUE RS S AERE . T Actor
g 28 JU) >R FH R B b T 19 O =X B dn
T HYBEE B AR REL

vJ(#) =

1
N ZTOGalo] (s,

s=

(19)

2.3 Noisy-DDPG & %

75 DRL A 25 B2 2 v 3l
LR SR TS I — 22 09 A1 1k
KREELEE  WE T I MHEAR 2
], DA RE AR 2% 2 B 4 . Y
I, DDPG 38 5 >R JH 45 i 1 0 sl 1 it
OISR Ul ST MR R EA TR R . A
Ll T 78 SR e I 2% 114 i 115 o S i e
S W e 2 KT E2 Y 3 S RN | B
AT 75 R 6% S 30 T A T PR R

ARG — ] 2% 2] (1) 5 s Mt
IINE Actor [ 48 32 2 LISE LR R
EGRIAT, 456 3 T 3 s M 75 ) B v
Bk R Noisy-DDPG . EAAS UL, A
SCHR([S] 38 3 0 VA 0 R S I S R
W 119 25 S ok R R M Py 2, A SRS D)
ZE RSN B A 2 E N R T Rk
SO0 LU S B FE T B T2 2
07 S Py 21 g PR RE . fRTITT 5 =2, Actor
P 28 AN T 222 2] 28 S0, i T 42
o) e R R Y T 22

Xi = ox, + b, (20)

Xt T 2 9 2 T i 2k B G R
A (20) s, x, Al x, 73 i 3R

34 | EIREA

A o I BCERERE b oA fi B[]
ISR S SRR

Xk = (/‘Lw + a-wOaw)Xs +Mb + O-bQSbO
(21)

A 2145 o F1 b3 51 WP 4
* 2 B, o~N(p,0.),
N (wy0,).e, Tl &, R R BE A 1o 397 1
P 8,,~N (0.1)o B, P22 0 245 2
i 3 o ) R R R B RN O 225k A i
PR, JF H SRR 5 SRR
2RI
TERAE o ST M P 7 T, A SR
AN 28 0 265 2 B0 g i S v S e P
BEFTRAE , THE T H 2 B 0 28 LA
FRy 384 DT TR HE AN AR BT Sy
T XA e SR Y 7 SO U
AT MR P RAR R, IR BEAE M 22T
HAZ mhgi DT . ROk,
W E—EManmihs, T2
A 2 e Ei R k, B4 I8y
Sl A Bl ST ) B g R A D
HNoe,iel[l,2,005], g,jell.2, k]
SR, o 2 ) 248 2 B S I 14 W T
TN

fi
b~

e, =f(&)f (&), (22)

&, =f (&), (23)

Hidr, f(x) = sgn(x) Vo TEE X Ac-
tor P Z8 AL INF , FRAT TR 25 e 75 07 Uiy
SRR R A SRR R L LA
ittt S MR AR

3 TEXRW KN LL 24
AW B R R A
IEE=IR (N ER: ) IPNEN =2 §E= )
MR il R A (15) L (16) /Y
2, IR A ik i . el e
INGRRTH 5T SR 1A B 1k e 2Rk
WOEIMZFEME R S FEA . S5

2021548 2827#%55288 Apr. 2021 Vol. 27 No.2

EAEMR B0 2 2 S, 1 R %

==
R
SiBuAE S N EBRINAL LU IAiE S i g8

31 XWSHILE

AR YR SE 36 5 AR AL 114 2 3 T B
B, FESHREN:D=2kn,N=
10,a=9.61,b=028,¢,,=1dB,& =
20 dB,n,= 10" W/Hz,P,,,= 1 W,B, =
50 MHz,B,,=1 MHz,f= 2 GHz, }T
ZA RIS mE BRI , FRATHE T A
BLEE 3G 15 & 78 AL 45 2 (1 000, 1 000,
500) A B A5 X8k 25, #6547 L =1 000
WA EARIN . A IIZR RS
f 5 T = 300 4> B B, RIVAE B> B B
B4 P R fig B AL iz 20 21— 8T 10
g, I B B E LES T AL,
TEU Gt B, 2 B B 5 JF 4R I
AT R AR, IFAE B AR XA
BEBLA= L NS P o3 A o T ABLTT
B P2 A C A RE B R )
TR s, SR 5 35 Actor X 45 A B
STHCHR WS, 5 FREE A B 3 L A i)
ro HT AT B R W T 2L U R e
A G B AR B X B AT T AN 6] 7
=it B it

P, = softmax ()(p)Pml s (24)

Bn = (B - NBmin)SOftmaX (Xb) + Bmin’

total

o, x, M x, 239 26 7R D3R 43 T A
JZ T 58 3 e 2 B TS A
F i softmax B4 VG PR B IH — 1k S
N2 (25) PRAE 1A 58 73 FCI, B
F P d5 /0l 58 oK B, BE TS F
2 .

3.2 LWHERKRI L1

h s AN [) 35 5 0 % S48 KLY
FOR, AR ZRAT B A R R S EA
AR AR A PP R A B AR
JH P 22 T 1 BHAE A5 T8 7 2% S 0 e



AN o AHEEREY A U 2 S BOE AL
I XA AR RGUEIE AR5,
TEIB 5K R 23 P35 B (8] I 7 — i
JE b2 T AR S8 N B TR B
X IE E AR B . I, FE
NN R SRS IO R RS AR
eSS RGP HIEIE AR ELR

P2 A I 2k 2R A2 AL 1S O

TR

—MEFATHENTANBRISE SERFRBEDE

KB

mE

ZTE TECHNOLOGY JOURNAL

&3 5 4 53 SR AEAS R A I i s 2]
1T 34 3 SF- 48 B0 A2 A0 A B0 T2
{FEA RGN . K 2—4# %
BT FEA=1.5 .10 i, To A HLEE 3 XF
AR RGN RS FE AR
AN A 2 7T LK B, 72T A
AT S H0 R 2507 AR R T AL 58
Sl VE R 7 3 AR ISk 3 B 1) R

R, T B E T ORT 4R 7 ik B IR
b

TER 3 FE 4, 2= 1 I S50
J5 2 P F8 B A8 R 079, F
{518 25 S E] 0.65 Mbits , SR :
75 DDPG 77 2 Y 23 °F 418 B0 84 3
0.68 , “F- 341 1 75 U 5 F) 0.64 Mbits
Iy ML e BATT K R - A s

1600 2500 4000
1400 3500
2000
4@1 200 5 E 3000
21 000 — RS BE ;00 25 500
B — BREE Qg B
02 800 s
o= w X 2000
R 600 B 1000 wn
EI, I H, 1500
400
1000
200 .
500
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 100(
%o igos pllEE
(a) A= 1091 EFLL R (b) A= 5BV R (c) A= 1089 IR
AB2 )IHIEODERREmEN
0.8 0.9
0.8
0.7 0.8
=07
ﬁ 06 i 2
B e | mreEnn | A 08 o —
705 — WERELT | —IRELR|| — EEES T
§ —sugELR ) 05 — Lureet —zHEELT
0 ~
g 04 B o4 S 0.4
03 03 .
0.2 0.2 0.2
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
NEHLDE MRS WHDE
(a) A= 1IN EIBE (b) A= IV IN ISR (c) A= 10 B YIINTIEE
AB3 G EDEFIAFEEHNL
0.6
0.6 —~
0.6 @ g
© 2 505
5 o5 S 05 =
S < N~
= —areEss | 1 0.4 —pEEESR
0B 0.4 —zHeELn () 04 1l e
«o ) ]|
im) {0 {0 03
jip 03 i 03] Iy
n B B 0.2
BF 02 02 |
0 200 400 600 800 1000 O 200 400 600 800 1000 O 200 400 600 800 1000
%os %os pllENEE;
() A= "1V EDE (b) A= 6B EBE (c) A= 100 IYEESE
AB4 I EEIEESEXNL
PRETRAR | 35

202148

527455288 Apr. 2021 Vol. 27 No. 2



L —METFATHENTEANBEIGRESERRAELE IEBRF
ZTE TECHNOLOGY JOURNAL

BIAEME R J7 A A8 EOR BT R RE,
M EIEA AT TE, XER
RAEN GRS, 1% 05 2R 1 XA
T E A K, A 30 5 DT[] T B 5
BOEW P, DL RN B O
PGB w4 T . RS
DDPG 772, £5 W48 b5 48 FH B8 B2
FE o A= 5SS EE S DDPG I A
AR B A 8L E] 0.84, P ZF
B8 F) 0.62 Mbit/s, 1fij 3 /F M 7
DDPG J5 2 14 /A - 48 B e 2 W 8 3
0.87, F-¥{ i 745 181 F] 043 Mbivs .
ALK B, I Bl Ve 75 g X bt
Ti] T3 SR A4 B0 R 122 0k, i 22
W T R 40 PN O TR B B X1
REAENEW ., XS EMH
75 20T IS ) B2 B i AIK - S B g
A7 TSRO S A REAE DR R
N T B0 R B R IR T T 2 T A
RN AR bl T K
Fo TEA=10 8, FRR 7 I T2
ST B K 1 v [ i - S =X
ISR BUR 2513 0.94, -3 {5 1E
RS 0.55 Mbit/s ; BITEME S 5
A8 E 8L E] 0.90, P35 2
S E] 0.21 Mbit/s. B RiBsR B
AR, PR T AP E E A R
By oA BTG . (RS 500 s X
8 SR AE 43 TC 7 T 505 B4, A6 38 B AR
] 2N P-4 H 0 FT 4 T BB 98 PR IE B 47
P2 3 25 i, AT AT DA SR B
A

4 HERIE

B XA SR 25 K — R Ak I 45 vp
Jo AL B 15 10 2 4 0 IR R R A
SR L, AR T M AR
Noisy-DDPG F4 ¢ 5 43+ Fic 7K g A5 74 3|
Grvk o R E T ANLEE
B 5G FHUAR R L& B 5] i By b 11 4% 3

SOETERA

WEMT . FEARRIAFETRT,
SLRURERVE S PSR & 2 O S YN
S B0 O X A 1 2 R [ AR
L, DU 2 438 A5 59 U5 4 B AS 5N
Pk AEASRLYN R, 2R FH— b AT
24 2010 A N i v B I R ) e
S BEAT A, i DDPG vk RE S 18
WP T ERER R . ML
TAE G S 5 B R R 7 2, A S
PRI 7L RERE IRAT T U (s8R B
SR — A BE T A R

B

2 ST 23 0F 5 B 48R 5 4
A B KO ZE TR R B A AR
(5 B -5 80 , 7E I T B0

SENE

[11YOU X H, WANG C X, HUANG J, et al. To-
wards 6G wireless communication networks:
vision, enabling technologies, and new para—
digm shifts [J]. Science China information sci—
ences, 2021, 64(1): 110301. DOI: 10.1007/
$11432-020-2955-6

[2] MOZAFFARI M, SAAD W, BENNIS M, et al.
Drone small cells in the clouds: design, deploy—
ment and performance analysis [Cl//2015 IEEE
Global Communications Conference (GLOBE-
COM). San Diego, CA, USA: IEEE, 2015: 1-6.
DOI: 10.1109/GLOCOM.2015.7417609

[31LI B, FEI Z S, ZHANG Y. UAV communica—
tions for 5G and beyond: recent advances and
future trends [EB/OL]. (2019-06-11) [2021—
01-22]. https: //arxiv.org/abs/1901.06637

[4] MISHRA D, NATALIZIO E. A survey on cellular—
connected UAVs: design challenges, enabling
5G/B5G innovations, and experimental ad-
vancements [EB/OL]. (2020-03-14)[2021-01-
23]. https: //arxiv.org/abs/2005.00781

[5] PLAPPERT M, HOUTHOOFT R, DHARIWAL
P, et al. Parameter space noise for explora—
tion [C]//Proceedings of International Confer—
ence on Learning Representations (ICLR).
Vancouver, BC, Canada: ICLR, 2018

[6] FORTUNATO M, AZAR M G, PIOT B, et al.
Noisy networks for exploration [Cl//Proceed-
ings of International Conference on Learning
Representations (ICLR). Vancouver, BC, Can-
ada: ICLR, 2018

[71 MNIH V, KAVUKCUOGLU K, SILVER D, et al.
Playing Atari with deep reinforcement learn—
ing [Cl//27st Conference on Neural Informa—

36 | 2021548 2827#%55288 Apr. 2021 Vol. 27 No.2

tion Processing Systems (NIPS). Lake Tahoe,
Nevada, USA: NIPS, 2013: 1-9
[8] GHANAVI R, KALANTARI E, SABBAGHIAN
M, et al. Efficient 3D aerial base station
placement considering users mobility by rein—
forcement learning [C]//2018 |IEEE Wireless
Communications and Networking Conference
(WCNC). Barcelona, Spain: IEEE, 2018: 1-6.
DOI: 10.1109/WCNC.2018.8377340
[91 LIU C H, CHEN Z, TANG J, et al. Energy—effi—
cient UAV control for effective and fair com—
munication coverage: a deep reinforcement
learning approach [J]. IEEE journal on select—
ed areas in communications, 2018, 36(9):
2059-2070. DOI: 10.1109/jsac.2018.2864373
[10] ZHANG Y, MOU Z Y, GAO F F, et al. UAV-en—
abled secure communications by multi-agent
deep reinforcement learning [J]. IEEE transac—
tions on vehicular technology, 2020, 69(10):
11599-11611. DOI: 10.1109/TVT.2020.3014788

REWNEEFETIEKX
FERMTARE OB
REE2RGPVENET
I E2WMROAOAN
RERLZI TAN
BEAME.

4

BRES NEEILRX
SN EERRDE
79 5G/B5G. TL ANEIS
AN REBRCF IS,

4

Bk, BERFE
1L Z2ABUZ % | IEEE Fel-
low . EZXERRZEF
ZMESEMBEBRE
E,BEZAN2HD
NRZ; TBMNEEE
[FIEFEREESINER
AETLBIEPHONA
R IK 2018 FEDEE
ERsE5EREE.
2017 FPEREREFSERARSR SR
BE1); KRN 160 Rk,

- )




EREUFHY

FFL
SDPHINTIHEANTAIR

= High Resolution Swept-Source Optical Coherence
Tomography in Nonlinear Wavenumber Sampling

T BEFI/XIE Shengli, Z#§4R/CAl Shuyin, B EZ/BAI Yulei

(JERTIWAKS:,BE /)N 510006)
(Guangdong University of Technology, Guangzhou 510006, China)

BE: RE— PR T RSN TSR AROBOMWENEN DA LSBT R EAF MR
BP. BEAIFRDRSEPEET SIMERERICER, IR EX BT gL
WIEDBREEEMN T HIESHEIZ, BREYORIIMNH R ERMSHNESIT DY
ERM. MERBEWREEAIENEMN DYWL 3.8 um, AEXRBFHERAIR T, L&
LIRRATIARTTS 87% 0 MBS RECEESTILITIE 3 A TR EM

KT REEARSME I BATOYRR ABDNS
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Abstract: A method to show high resolution in swept-source optical coherence tomogra— detail/34.1228.TN.20210401.1514.006.htrml

phy is proposed. The method can handle the case of nonlinear wavenumber sampling. By

constructing the sparse optimization model of interference spectrum in nonlinear wave—
number domain, the phase—field of aliasing tomography interference signal is separated by MEEEREER . 2021-04-01
interference spectrum matrix optimization method. Therefore, the problem of poor depth IFEEE]. 2021-02-25
resolution owing to limited light source bandwidth can be addressed. Computer simulation
numerically confirmed that the depth resolution of our method is refined to be 3.8 um. The
simulated result shows that the depth resolution is improved by 87%, compared to the
traditional transform method. Furthermore, a profile measurement on the double slice

sample verified the effectiveness of the presented method.

Keywords: wavenumber nonlinear scanning; depth resolution; phase measurement
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Abstract: 6G will be the continuation and deepening of the 5G wireless mobile communication architecture reformation. The application—
driven network, which enhances broadband and interconnects all things, will inevitably develop from terrestrial cellular mobile communication
networks to wireless communication networks with global access. 5G has started the transformation of mobile communication architecture,
but it cannot meet the needs of the future, so it is only the beginning of change and needs continuous improvement. Among the wireless

communication networks with global access, many global access architecture technologies need 6G to explore.

Keywords: 6G; network architecture; interconnection of everything
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Abstract: 6G will build an air—space—ground-sea ubiquitous communication network based on 5G, and employ a variety of advanced
technologies to achieve further improvements in some core technical indicators such as system capacity, energy and spectral efficiency,
reliability, and transmission delay. As a representative non—orthogonal transmission design scheme, faster—than—Nyquist signaling (FTNs)
can realize the efficient utilization of spectrum resources, and be combined with a variety of 6G candidate key technologies to improve the
core technical indicators of the system. Therefore FTNs has great application potential.

Keywords: 6G; non-orthogonal transmission; faster—than—Nyquist signaling
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Abstract: The location network deployment scheme and positioning technology deployment
of 5G new radio (NR) in different scenarios are put forward. Positioning network
deployment includes the overall architecture of core network and local deployment. 5G
DOI: 10.12142/ZTETJ.202102011 positioning technology deployment in different scenarios includes outdoor single station
LS BRRIEIE . https://kns.cnki.net/kems/ T ) )
detall/34.1228.TN.20210407.0917.002.htrml round trip time (RTT) + angle of arrival (AOA) scheme deployment, outdoor multi-RTT
scheme deployment, indoor distributed environment up-link time difference of arrival
MESEhREE]: 2021-04-07 (UL-TDOA) deployment, indoor distributed + integrated positioning Qcell + X wireless
iBEHA: 2021-02-10 positioning. These technologies and solutions can bring great reference value for the
positioning development in 5G era.
Keywords: 5G; positioning technology; deployment scheme
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Beam Tracking and Coverage Enhancement Algorithm for Mobile Users
with Intelligent Reflecting Surface
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Abstract: Although intelligent reflecting surface (IRS) unit can enhance system performance
by changing phase shift and reflection coefficient, unknown factors such as user motion
and time delay make the reflected beam still unable to accurately cover the user. To this
end, the target coverage area of the IRS based on the user's historical position and speed
information is first estimated. Then the IRS units are grouped and the reflection phase
shifts of different grouping units are designed, making the reflected beam point to the ad-
jacent position of the target area to achieve complete coverage of the target area. Finally,
the water—filling algorithm is used to allocate the power of the gNB beams, which are
transmitted on different IRS grouping units, to enhance the coverage of the target area.

Keywords: millimeter—wave; intelligent reflecting surface; phase shift design; coverage en—
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Traffic Prediction and Growth Potential Evaluation in Wireless Network

Based on Machine Learning
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Abstract: A wireless network traffic prediction and traffic growth potential evaluation
scheme based on machine learning is proposed. Based on the actual traffic data in the cel—
lular network, this scheme analyzes the change rule in the time dimension and uses the
machine learning method of Gaussian process to predict the trend of traffic, which pro—
vides guidance for the network optimization deployment of operators in the short term.
Based on the eXtreme Gradient Boosting (XGBoost) machine learning framework, the
multi—-dimensional mapping relationship between other operation data and traffic in the
network is established, and the revised quantum particle swarm optimization algorithm is
applied to further find the upper limit of traffic that the cellular cell can carry, so as to pro-
vide guidance for network optimization deployment from a long—term perspective, im-
prove the network traffic level, and release the traffic growth potential.

Keywords: machine learning; mobile network data analysis; traffic prediction; traffic growth
potential evaluation
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