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Reflections on the Reform of Network Architecture
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(Chinese Academy of Engineering, Beijing 100088, China)
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Abstract: The Internet has been developed for 50 years, and
its development is far beyond the original intention. All kinds
of new business and applications have increased the
pressure of network system reform, while the disruptive and
evolution innovation of the network architecture has been
constantly carried on. In recent years, the evolution direction
of 5G network architecture is gradually clear. In this paper,
the opportunities and challenges to operators are analyzed
from innovation of the transfer mode, the virtualization and
the cloudization. It is pointed that transformation will bring
the innovation of network technology and business
application.

Key words: Internet; network architecture; 5G transfer mode;
virtualization; cloudization
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Abstract: Successive cancellation list (SCL) decoder with the proper list size works nearly
as a maximum likelihood (ML) decoder for polar codes. With the modified versions of the
SCL decoder, cyclic redundancy check (CRC)-concatenated polar codes (CRC-polar) and
parity—check—concatenated (PCC) polar codes (PCC-polar) show the excellent error
correction performance, and have been adopted as the standardized coding schemes in
5G technical specification. In this paper, the categories of SCL decoding errors are
summarized, and the performance gain of the CRC-polar, PCC—polar and CRC-PCC polar
are explained from the perspective of SCL decoding error reduction. The simulation results
show that the CRC-PCC polar code could efficiently reduce the SCL decoding errors, and
achieve the best error performance among the three concatenation schemes, in higher
signal noise ratio (SNR) region.

Key words: polar codes; SCL decoding; prity—check; CRC; concatenated codes
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Abstract: Millimeter wave is an important technology for the 5th generation mobile
communication system. By utilizing wide frequency band for high data transmission,
millimeter wave can greatly increase the experienced data rates of users and the system
throughput. The millimeter—-wave bands have been standardized by third Generation
Partnership Project (3GPP), and the spectrum has been allocated gradually by many
countries. Due to its spectral characteristics, millimeter waves need to be combined with
large—scale antenna arrays to obtain beamforming gain. The high—speed transmission of
hotpots is realized by the innovation of beam design and beam management. In addition,
the basic coverage in the entire area and the requirement for different communication
scenarios can be satisfied by multi—frequency wireless cooperative networking.

Key words: millimeter wave; hybrid beamforming; beam management; multi-frequency
cooperative networking
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The Principle and Application of Polar Codes

B2 RCEEE—PARIEETENWE R, EIA LG BINBENEHEERS
o, X B EERMIBATERNEARE, SAERRCIBHERRIES 6G PHIN
o BFEERKINR, DT RICIBREHRISSHSERANB T ERBEE, R
SRBEBICRIBESH, FIIM T SMEEINEEANRTR. BN IERADH S 66 Br)E
BRRICIBZITHERTR, #5 TR SBRIB IO L BRIEE. R
B, BERERMERRREBERRMICHHIELTE,

FE1F RS ; BB ; SBITHUE B ; BITHUBIIRZE ; BITHUBMERZEN  iRI1K
D/u\&{@

Abstract: Polar code is the first error control code achieving the channel capacity and has
been accepted as the coding scheme of the control channels of the 5G wireless
communication systems, which is the great breakthrough of the channel coding field in
recent years. In this paper, the primary principle of the polar code and the application in
5G systems are surveyed. First, based on the viewpoint of channel polarization, the
butter—fly structure of polar coding and successive cancellation decoding are analyzed.
Then, the concatenated polar code is proposed and the characteristics of high—
performance decoding algorithms are summarized. Furthermore, the design of polar codes
in 5G systems is addressed and three practical coding schemes of polar codes are
overviewed, which is puncturing, shortening and repetition. In the end, it is pointed out
that polar coded information processing will become the new diagram of the
communication system optimization in the future.

Key words: polar code; channel polarization; successive cancellation decoding; successive
cancellation list decoding; successive cancellation stack decoding; polar coded information
processing

1948 L fE B Als A C R JE R B 5% (LDPC) AR 3 19 15 38
Shannon 7E % B SCHER (1], 12 I ity HLAG D0 2] 5k e, (H X
HTEANEERBEH, 70 DA B 18 | E B G 26 il 7 3 ]
AR, P 3 A O 1 T 2 A S AD KAE A AR . 2009 4E, + HOH
2 A A G A PR IS A D H bR 3% E. Ankan 76 SCHK [2] 42 H
iT 20 4F 3k, B AR DL Turbo 5 Ik % T AR BT AR R DA

in 5G Systems

HH1/NIU Kai

(ERBBAFZMALBEHEHER

SLIRER, 6 R 100876)

(The Key Laboratory of Universal Wireless
Communications, Ministry of Education,

Beijing University of Posts and
Telecommunications (BUPT), Beijing
100876, China)

DOI:10.12142/ZTETJ.201901004
P48 B #LE - http://kns.cnki.net/kems/

detail/34.1228.TN.20190129.1151.006.html

WFSEHA: 2018-12-20
48 Hhr 57 . 2019-01-29

PRGBIREAR

201928 2558518 Feb. 2019 Vol. 25 No. 1

| 19




TR AR —RUBRER 56 N

TP 7 VIR WA 8 2 T AT
ik o T G A B S T A A
BTk, e SCER 1S T 2010 4E
L Al ST AR I P 25 (IEEE)
(EUSN W iR L E B & AN I b
IRENSS A E LLEF L 'ON
e

e Ak 55 & B I 10 43k A
R A5 T8 G R 4503 ) I 5
], RS Al B e A T
AT A Ak 65 B 3 A M RE A T
TR FRfR . R ) 02 2016 4F IS,
WA A3 5G % 2l 38 175 1) 42 1l
T AL T R IF R AT A
5G AR UER, B R AHES) T AR AL A 1Y
I F BT o

1 LRI

AT AR A A e
T ) S AR S B 0 455 15 T AR Ak TR
H AR PR A 3 B0 L R A AR
F1 35 AR % A 9 5 0 o TR %
(=R78

11 EERKE &R

e Ak B 1 1 3 A TR B
WAL B G, FRATT BT S A 1
b1 LA U B SR e AR A A b A
1) i Bt 2o A o

(DfF B

P 8 A 18 W fb , d5 5 E.
Arkan 5] AP &5 6 1 41 AT §E 4k
A T) B — ) B A8 G
ICAZ A5 38 (B-DMC ) % F i 4 2
00 s, AR 3 o0 1 4L A ek
SO R N EN R O A =
T YAt R B S B 8 4
H) W38, X 26 715 38 2 B

RV
20 MERRA

Gl F

Wtk Mg, K14t T =0
T 4% 45 38 (BEC) 4 {5 18 #% 1k 78
R

4 B-DMC {5 % B W% R
W (y|x) | 45 30 £ B, 5 )
J& it ( Bhattacharyya S8, TR
REH0) @ XA (1)

ﬂ%=§‘ﬂﬂ®ﬂﬂ00 (2)

F1a)BH THARNOS
/) BEC {5 iE A9 Wt & & R
W:Xe {01} —Y |, H {51 5 {5 8

Sy I(W)=0.5
Z(W)=0.5 ,

B b) 2 2 {5l M fl i 72
uu, € 0,1} 4 A {5 18 B I
Fi L .00, €40, 1) 2 28 33 45 2 i 24
T 05 B4 9 R, 40 6 A 38
BE vy, eY 2 I ES . X
IV £ 25 Fth ek 2 T LA 3%

(%,2,) = (u,,uz)G (l)) =(u,u,)F . (3)

WL F R A RAE R
— % ST A E (WLW) AR 46 R 2
A TFEE (W) . Hp,
WX—Y?, WiX—Yixx , HiE
EH AR RS AME D)

, Bk Z

I(W)=0.5 X—> W |—vY

a) MBRERN 06 _THREBRM(N=2")

W E5E8
1(W)=0.25

U, — i X W Ve

1(W*)=0.5625 u»

—er v
1 1 " I(W)=0.4375 ys ——O Dol Wy,

BT ER 1 B ER 2

1(W")=0.0625 4, —]) B~ Wy,
Xi

N

O—> W Hyz
X

Xa

1W=0.75 I(W™)=0.9375 pe———— 00— W [y,
W 358 X
b) 2 EBRIIRE(N=2") o) 4EERIIE(N=2?)
1.0 :
09t AN~
08}
W)
07F /
®ost / o o
A0 - <w)
ol 0.5 1(W)
i) N < l(W=)
i 04F N\ b e "
03F N N X
W)
02F N
01t NI N
) 5
2° 2 2 2
d) S ERIBYEH
W) - EEBEWHEER W IR ZE RN 058y o= E AT FIEB
N: 1B W W2 S8R 2 D FEB x:WAEBWNRBL S
u: SRR W W W W 4 S8R EY y:EEWRREHES

Al SERERH

201928 258518 Feb. 2019 Vol. 25 No. 1




HhER R B R R o X 2T
ERERSEEPERR NSNS 42 S
2 A (4) YR AR

{I(W') <I(W)<I(W")

ZW)=z(W)=z(Ww") " (4

T I(W)=025<1(W")=
0.75 , X 2 F1FilE =4 T 401k,
WORIHEE, W REHIE.

A G 0 o R AT DAAHE T 3 4
fEE WAL, I E 1 o) iR, It
B, B2 A w5 E AR W
Hwr2AEE 2w fFiE
WAL w5 w2 Gl X
B DR AT S A R] A 4 4 kST
{5 18 28 4 o 7] S 22 SR
4 AR TE .

{5 T8 A Ak A8 7T A3 4
B N=2" MEE, H R RT
51U 58 Y)Y RS
HFRML A HAZA THEEL
R, B R A (5)
KR

(7= (U0 =
ﬁ(UYU) (5)

Hor, (UM 07Y) 250 A
A5 38 1 55 S, LT B 5 1
Ry w) (v ) oo
2 155 WA A A S, AR
S I A R L 5 AE I
M, AT S 808 A T 15
WS ARES. 1S
TR N=20<28 B LS
A B . M 49
ANAT A5 b 3 52 5 Al S e
R R R A CARZ L i

FHl F

T S RN A XS 2 145 1B (T4
PR ) o AR, BAE KK,
FEEERAA LA (EEE
T, Z2FEERILATME
FEBETO0),

E. Ankan iF B T 24 {5 18 %

H 7855 KB, #Ab A5 18 1 BAS &

56 4 P AR oAk Sk TG e B -5 B
(EfEB BT 152 AEN
ZEE(EFEEBT ), 3 HiF
{58 5 B A5 T8 09 He Bk T R s
B-DMC {518 W By 24t [(W) |, i
ZEHEpET 1-1(W)®,

(2) e b gt o

WAL A AT 2 B I AR g 1 &5
¥, B AE RG0S 5 Rg . T
FATRRA B L5 R S

e, M e A5 T AR Y Ak
oA, AT LA B HE RS AEE Y

CARE—"—RILIBRER 56 N T&

G B 45 M . A ) = (s
= N (= N A S 5 G 71
x) = (xl,xz,...,xw) TN Y 1 H
74, E. Arikan iF B ' 45 55 3 2
7~ (6):

x =u'Gy (6)

Horp GRS A B RE Gy =B ",
By 2 HE P B 58 BTG R I
PR, PO FORFEME F 47 n IR
Kronecker FREE1F .

El245H 7K N=8 5%
R=0.5 19 i 1k 1 4 5 2% 09 /R
B, w2\, X TR R Gk
R, A A0 T 1R 2 50k B T S 1k
B {upuepunugd 1R 5 B H
R A5 B B S 4, i ] S
B 22 1) g wyuoush 1R Ry 85 B
R, BUE R0, il 3R i2
S, A DL AS B G Y L R A

0 Ut oo o Uy X
fle o o o
ool o
i e ol .|,
| o
B ET
O m X:
M s i x
I I N N
o] [ .
N i | P
s | % | B3
¥ oﬂ " : 2 il =
feBlel Ll e - B2
3 | B3| m
| - | Sk
% S us | | e X R
w3 T © Do %
1{ :_ | | E 3
B | 3 s 4
w!  lu o Lim » s
I 1 ~
|
|
Ugl | Us o Xa
| I
2 BPEHMEALS U 0 = (ty) , RS BB
b BNEERBALE  x: X =(na.r) | BRHB L EED]

AB2 B V=8 18X R=1/2 BNRLEBRIEZERE]

RVE- 1 N
hRGEIRRA | 2]

201928 2558518 Feb. 2019 Vol. 25 No. 1



TR CRIRE—

) o KT RGAALRD , W T R
15 AL AR BRAE {24002 7.05) , XiF I
1) Gt B 25 22 00 s A (s A ) B
o ) 38 o AR i g EU(E
HY F R R TR 445 K G 1, W Ak A
) 4 5 2 2% B W A kR
O(NlogN) ™
(3) 5 AL Ak 65
5B TE SCHR (S R T
TUA K (CRC ) —Polar 20 Bt J7
ZLME 3R, BEMEE R
T2 B 91 B Se 3% A CRC 4
45, g m A~ CRC 5 e R
Je 6 AR AL 5 g A AR, A N
PR S 7 o IR R IR G5 T 5
LI CRC g t5 48 by S5, # £k A5 1
h RS, B RE A 25
ERINEEZY ok R AN ES T
%

A% Ak 5 R 4R 5 K R
2 B, B N=2" 1 S B s
& & G AE A1 B R AL B K S
o T — R, T
TIAR AR i RS il 7 58, B8
@*ﬁ#ﬁ?[‘ G A 3R

"— RIS RIER 56 MM

Gl F

M<N W) & R 5% e & I s N - M
Gt LR X LR, X
ﬁbﬂﬂﬂvﬂzmtb%Tuﬁﬁﬁxﬁ 1ii}

PR 8 A0 e AT EUE, A
1 AR B F X L8R L (LLR) 2y
0o T X5 T 47 %0 B A, 3K 28 I ik
Eb R A ] BB (Rl 0) , 3%
5 5 0 241 T8 L EUMEL , D] O AR Y 19
LLR BUE by oo o X} T 5 2 $#4E,
TPERY 2% 5 BRIk L RE R
N LLR &0 .

5 AE SCHk (6] A T UE
Y518 4L (QUP) & fid 7y %6, IF itk
— AR SCHR 7] 4 T R )
Y5145 %5 (RQUS) & Bt 7 %,
H, QUP & ¥ fLJr %2, 1d TR
216 DL s RQUS S 4 i 7 52
EH T e R NE . AT LUIE
B, QUP 5 RQUS J5 & J& M it %
O S [y i SN S S|
RQUS 5 SCHR[8]H £& 21 i 45 Jd
e il

1.2 R EEHIE
WA i 4 1 v 09 B B9
KT FEE B EAE R

1 o Mo 3 3800 AL J5 S K
k K=k+m N
o CRC - WICIBmIS g -
bits bits bits

s

CRC R4

RIFEN

SCL/SCS

CA-SCL/CA-SCS ¥ 15 85

CA: B TUR RS
CRC: B LR R 5

\:r

u
1Eru

MM

KE
KE

KTHW

m BATERERBLFKE
N BB RIBIE R E
K EARTRRMBED  SCLBTINIZ «@3
= SCS . BT R
W B ENSBAILEE

CRC—Polar 2% Bx 4w
EBRRLEN

RV
22 | @R AR

201928 258518  Feb. 2019 Vol. 25 No. 1

AT EEME AR R BN HEF
6P HL 0 B 1A T AR S R 2
TR LR 5 DR M B R AR
LATETIETIES

E. Ankan fx 52 H 5 F B
RS E R IRERI IR
FIE R E RS ECh Z(W) A
N 9] 2N AL IE kAR
HEABRMAKX(T):

2(wi")=22(w) - Z(W‘i")z

, Wz(i"’) _, (Wiﬁ”)z o (7)

X b A A2 AR AR
{0 HE H F BECF 1B, X T HiAth
fi 1, W — oo Xt FR {5 i
(BSC) . Jm # 1 M 5 fF
(AWGN) 5, iz J5 kI AR el
Mori 5& T % J£ i 1k (DE) 75
W, 14 %] 7 BSC.AWGN {5 i F
Fre G 1 15 18 2 B o )T, H H
T R B A S R Y A H
LLR #E 0 A it 5, i3 S AR
AR, BRI TR . AR
IR Tal 5 A, Vardy $2 H 19 2%
A @ 5] A e+ 15 18
) F R SR, R RE LA A
O % B DR UE A 8 I TSRS 2 L R
RARKET, I35 4 Bt 4
TR
P. Trifonov Bt 2 i ) & W ir
L (GA) F k" H AT B AT 1Y
P35 . 45 E AWGN {5 iE 1Y
i‘ﬁﬂ&%%ﬁm%
y;=s;tn,1=1,2,--- N 75 1) 3%
Hoo? L W B F KR B LLR

L(yi)~N(22,42j W 85 4
T AL B LLR 4 (E % 1

En%ffnt



YNCWOE

[E(L(f( ”) = ¢‘{1 - [1 - qb(E(Lﬂ;)))T} (8)
B(1) =26 (1))

S, B() R MR
B(L)=2 . st iR

S

=

(i)(z):{] \/Tmﬁztanh(z)e ,z>0’ (9)
1,2=0

NENI= I tanh(u/2)=% E R

e +te
ACHIE VI o8 B0, 2 328 LLR 44
. RED(e) W R BIE J i L
Gy S, — AT LU 4y B R B0
{U\%‘:Zi—\‘:

-0.4527:"% +0.0218

0<z<10

qpl;"(z):{j%e;(l—l;z)) z=10 ° (10)

FiR CAMER LRI A
ZR Ky O(Nlog N) |, 7 i J 1% K
oAl RUBR AT B T SR
(ERSEL B R R TR 8 N I c e
TR R 25, BATAE SCRR[12]38
TR GA B R K A%
T v R A 3 1) 20K

B IR B A A B M i R A
— AL [a] Y R R, BIV G A 4 335 AR
BT 518 260 Bl , AT
W E 2% PF B T TR SR A A
T B o FeHp, SCRIRT13)
B 10 00 P M 3 LA K SCiR (14
Fe B AL JEE i (PW) A i 3Rk
HAERME . B AT 1E
BT 5 ) I B ) R 1) i
s i (b, eeniby) L AR AR BE

FHl F CARE—

BIFFAR AR (1)

PW=%b2" (11)
j=1

A BE R BOR , B W] {5 1A
AT RE P g 5 DR R A Al R
MR EN/INHE P, 18 B JEE 4 % 1
7 fr E R B f B s . T
e A B AL i AR A 1R RS
GA # & AR AL i % 0, H ¥ 4
TR T 5 18 A1, X R
My 1 B AT R S R

1.3 RLBLIFHE

(1) B THEIE (SCO ISR .

X F AT | E. Arkan [ 55
— D EETTEGERE TR
T SC M B, SC gty 5
A A R TE Trellis | 3E 4780 [
S ER P2 b S SN R v = NS

HERSR N=2" 5B AL
n , W] Trellis H n 2% M2 S8
A o AR YT AN A A5 B
E SR sy, Hi I<isa+l,
L<j<N 43| 75 15 BUTE Trellis
AT AN TS R A R E
i & A W B LLR, H
Li=L(s;) . 4% I T N=4 1

—RICBRER 56 A T&

e A B Trellis 7~ 491 U0 & 4
7R, Trellis A7 % 57 ok B F 17 18

i LLR<ﬂ§,§\l%+L.=log}«yﬂl) :
! P@m
17T 22 00 % 1 A7 B EG 4 19 LLR {5
B Ly =L(a) LA e e £
1,70 o PR T 45 4
(i A5 /A B YT U A R R R L K
HE A 1 e A A
&R NZE A S
Oy BT E AR R

- |2 Izmh"{}anh[%} tanh[%]], [%Jmod 2=0‘ ( 12 )

(1 - ZSA,—:"‘)(L,,‘,,,zw) +L,.,,.0therwise

Hr, i=1,2,..,n, j=1,2,.., N,
tanh(") & Xt IE V) e %, ] 2T
&8 5 LDPC 14 i BP
RIS FEAR N A, EB R AE
Gl RS T ISR o | B - =1
HItES5ER.
G BIEPSBES A = R/

=1
Sy = {Si»j@si.ﬁT" \fy—l JmOd 2= 0’

(13)

5,;,0 th erwise

Horp, @ 2B Im AR .

SZ,W

L 1.1 O
SZ,Q
; e

/—0 La

Laz

Sas

oL
Say,

B0 Be..

B REDR

B 4»
B N=4 BYRILB
Trellis 7~ 51

@ LEDRUEREE
U d iyt RNVSREREIT
s1s,i=1,2;/=1,2,34) ,RBHARER

L: L,(j=1234) RKESENWHULRLURLER

O . LEDRERELR

209F 28

hM@ERERA
25485188 Feb. 2019 Vol. 25 No. 1

| 23



TR AR —RUBRER 56 N

AR B HE 2 Trellis 19 A2
N ESE, B ) e o ) Ay

~ (LL,=0
= ‘ (14)

0,L,, < 0= u 2 h & HAF

SC B vkt nl LLA F & 76 1Y
B b AT 8 R e i R B AR
AR LR UL, AR I 4
X &35 LR A T8 G R
6 ) TR 0 LU SRR AR S AT SR A B
5 e L RE A I e B 445 3] —
SRVRRG AR o SCHR[2) UE B A 1k
Y SC i3 A B vk & 4= Ak
%, N O(NlogN) R

(2) 34538 7Y SC 1A% 1,

EA RS F, 5L F SC i
T 1) M Ak A5 P RE B 22, 2 A
LDPC/Turbo % . R T #2& =5 & ik
A FRAS K A PERE , AR T
Z I M RE R SC Bk B . 2B
F U5 T Tal K& A. Vardy [A] P} &
T A 3R SC AL R T AL
JeA R W 5 AR R R AL
B RVEAS H PR B — AR/
FAF AR YN F , I A F £
oL SR A 6 B K 1Y % A% A o 1 ok
AR, A RKE L, SCLA
HEHE I J O(LNlog N) | Hopk:
A AT DL I e R ALAR (ML) 3305
PERE .

K54 H T L=2 ) SCL %
= 7 o 7 I S T I 51 T - X
DR T 246 AR, RS
e 26 N 2 5% 0 3 AR T B BRI
(EEAE

38k, B TE SCHER[17]H 4R
HH HE R SC AR VR R TR R AL S 1
FORME G AR R d, T 51

RV
24 | hMERRA

Gl F

AHERAE ML, W] LA R0 2>
PER A 1Y A A AR AR AR
TIRMBEILE R E . REWRIL
ST, SCS HL M 2 2% B Ha i
T SCHY:, T SCLE Y, A
HME BBt BB 0% G T ML R
Ao 2834 0 AE SCIR[18] A & 4
HTIRA SCH L, H & BATHK
4 51 % (SCL) 5 5 17 K1 HE AR
(SCS) B LA, 3k B it [a] 5 25
5] 5 7% & S hr4fr v

K 6 45 T SCS A% B vk R
il o th L6 AT AT A AE A A
3 R A 1 O =, AR A
TEFEAT , 45 BB /N (4 I 7
i 1 5 A5 e A HEAR , 5 Y DA AR T
VIREAEEEET TN, K
153 A5 45 5

HF— 2 ML, 2 A SCHER (5]

fF # # 1 CRC B Bh i9 SCL/Scs
PEAS 395 (CA-SCL/SCS) . WA
3 fif 7%, SCL/SCS B vk Hr M 1 1ok
PERLF, % A CRC A B fR He , 1
A i 2k CRC K 56 i 1 2 A 1 Ry
AR ES R . T A CRCHK
g A py S g A5 B, A ORISR T
PERSMERE . HE— 2P Hb, SCREK[19]
H/EE A T A 38 L CA-SCL
B, AT UATE R R A A i S PR RE
Z [0k B & b e b . B T SCL
LT 4 B AR s T AR R
5 1 2 90 5 1, SOk [20-21]H 1
FHIRAVTE T SCL 3% il 4% 1) fi
AR BT

(3) HAth 125 557 .

e A A\ LR A A%
#% (BP) BE65 51k, SC#k[22] 9 1E
Hi BHESE T BP A R AL

5p
SBITHEHEDIRIFD
SETH

B 6»

IS > 52
BITMHERKED 0.02 0.03 0.05 0.20 0.08 0.02 0.10 0.05 0.36 0.01 0.02 0.01 0.01 0.01 0.01 0.02

BETHB

201928 2558518 Feb. 2019 Vol. 25 No. 1



RV AT/ PO IS R TR B8 ¥ 4
i, % % 16 SCHR[23] 42 T AIE
S E B BRIV RSB 1L , BES 1K 3]
ML % 85 1 GE , 4 HA — & B 5K
A

2 5G F IR AL 75

AT 4 56 br UE P Ak
U R A AL, IR i T
Polar . LDPC Y Turbo 1% %) ¥ 8 kb
LnEE O

2.1 5GFHZO(NR) bR R

WX 4 55

56 NR &4, AL A
i o A 2 0 22 A dm s, HLAR
FLOM T AT, W P AT
il {7 38 (PDCCH) [~ 47 #2515
B(DCH) 59 8N 7] # f5
(PBCH) #B >R FI A% Ak Bt 2 B 5 X
T AT HE R, P AT A
(PUCCH) 5 ¥ B b 47 3L (51
(PUSCH) My I 17 #& il /5 B
(UCD) (12 bit P F ) # % FH % Ak
fih 2 i o

RN R e NS

FHl F

NG ALFE 6 A BR . m e kAT
CRC i, SR J5 2l {5 B 48
4T TEIE SR, 5 AR
A0 i B 2, 4 5y o AR 2
AT F A S, B AT RS
B , % Jo 2R 4715 18 A2 2, 15 3 4
BT TN

(1)CRC 4 f5 2% .

5G P UE Tk 89 FH T Polar
5 %) CRC A 3 Ff, Hi Az il 22 00 X
mAR(15) .

go(x)=2"+2"+1

gu(x)=a" +x" +2" +27+ 1

z 23 2 20 '
g24(x):xz4+x S T S

(15)

APt a4 1

Hoep ) Al £ 1 5C g24(x) HF
PBCH {5 i& 5 PDCCH {5 i , i
go(x) 5 g(x) F F UCI 4 #5 .
4 g,,(x) BT DCI 4 % 1, 7
£ CRC HLFEH 1 5 J5 16 £,
a2 FH 16 bit 19 JC 4k I 45 1l Bif 15
S (RNTT) #E47 HE 04 .

(2) 24145

5G NR 19t 1k 15 g i 3= 22
FEIRE L A SN A a2 IN
TN EFECL . T E

~— s3I
52 s
— . I8
w9 es E_EZE i l
REED
fmi9es
=3 REK
] %5 e SR
<87
CRC: BT R 56 OIS
mIB M

ARE—"—RBRER 56 NA T&

WA H I IEARTIHE

o 5 8 MR a4 E X
CRC % % 19 B0 4 b FF 2F 17
fil o X AP 22 40 H X% T 47 PBCH
7 18 3, PDCCH {5 18 19 DCI A 2L,
M AT 8BS R . 5 B
LA BT AR, & CRC Ho g
O3 AT B EEAE B R A
B0 b4 5 H 2 R A5 B H R A
A8, DT J7 {8 SCL 1A% 44 1 H2 1
2k BEAR T #5175 1B 58 DCIF
MR S R

o AL EN N FEY
Yol h 3243, B K E
i B=N/32 LR, M4 56 NR P
WOE SR B i 3, 15 21 B AL L RE
Fail {c;f o

o 5B 224U H Y2 X Bt
Doppler &5 i 5| 2 /Y I 78 38 7%
IF H T 2 & b e 28 80 g 1
il (BIPCM) ™ R G fig . X
ff 52 4 2 T PUCCH 5
PUSCH 1 UCI, Ifi ' 17 5% if A %
Mo 56GNRPRH T =MIER
L5 R BEARUE T B0H8 55 1
IEATRE , A BT R M.

(3) T LS .

56 NR gt Ak i R H T
5505 38 4R JC 6 1 71 E e G
T R ER S T IR RKE N
MFEEMAT RN R, &
EAS B K, AT DL HEF
PR Y &K AT
FHERBGERE L. T LN
Ty {17 1 B S R
P54 i 28 0o i 08 e 45 2
RS, F A 115 8 1y T S
HEFP R FEAAS B HEF K R 515

RVE- 1 N
hRGEIRRA | 25

201928 2558518 Feb. 2019 Vol. 25 No. 1



TR AR —RUBRER 56 N

KK,

(4) A1t G i 2% -

5G NR #9 e fb 5 % H T
Ak g i g7 =00 B

xl=u) F® (16)

Hop X T RATEE, n<9 3 %)
F EATEIE, n<10 , X}
(6) FT AT, H g ith iod 7% B #5247
Hadamard 28 4 , N 06 75 2647 HE 4R
S ¥ B AE . E. Ankan 7E SCHR (2]
HIE B 3 2 i g A O X2 S5 A
1o A C16) 1Y G i o FE 5 5
B A TR PR Sy i R R U
S

(5) M

5G NR A i1 388 58 i A7 3 7
AL AE S EE, T
{7 34 3 Pl = 3 2% A

o IR A KON KT S
A B M<N |, H %% 15 55 %
R<7/16 , RMRI R 26 1FF , R

Gl F

FHM LI B T e 4UR
F7 90 {e} B FF 3k U=N-M 4~ I
oW R % F BN
ei=c].+U,i=0,-°-,M MR, BF
5G NR i i A 3547 B RE S 7 45
f A g AL 7 A R B
QUP 33 5 3 Jit B 141,

o WM M<N , B4 A%
R>7/16 , BV &5 7 4 %, U R A
G )i . FHECLUR FFA {o}
KRB U=sN-M 4~ R &
®o.OR B % F 5 K
e, =cpi=0. M ffy [ L 2
[y, 33 Pl L7 384 4 T RQUS
S 65 LA

o WK M>N MR HELE
V7 VN | I = S
eizcjmndx\”izo’“.’M B HEdY

2.2 ik EDMEBE b AR
K8 T SCRIERER
S5 4 3 b 1% 4 A < Turbo . LDPC

5 Polar 15 7F AWGN {518 T 19 1%
HeZ (BLER ) PERE L #2 .

Horp, 3 Fh g A4 19 15 B K
BOK=400 , 3 XK ju H
R=1/5~8/9 . Turbo %% Jf] 4G K
W1 o (LTE) bR MEC &, >R H
Log—MAP 35 5, 8 ikt .
LDPC % 2% F Qualcomm 723 ] [
5G 4 i 2 220, >R ] BP PR RS 5A
2,50 kAL . Polar i % FH 5G
b v E B Y, R CA-SCL ¥ 1%
B AR KN K32, HEIS T
U AR R & T R=1/5~172
WAk S 5 Turbo/LDPC fi5h H A7 25
T, R=2/3~8/9 , ¥ X} T J5 2
Fvhsy , A Ak A% U B I % % P fE
%5 .

2 A SCHk[26]45 1, 16
A KA RS E T, i85
AH [A] 1) 152 14 38 Pk 6, 5 Turbo 74
POl NI =R T S = L

BLER

%9 | —w:LDPC R=1/5
7 |-=-:Turbo R=1/5
—a—:Polar R=1/6
--g--:LDPC R=1/3
__| |-~ Turbo R=1/3
=23 | —e—:Polar R=1/3
-4 |-+ :LDPC R=2/5

4 |-~ Turbo R=2/5
—w—Polar R=2/5
--#--:LDPC R=1/2
=== Turbo R=1/2
:= | —#—:Polar R=1/2
=21 | --=»—-:LDPC R=2/3
==o | ==~ :Turbo R=2/3
~_] |—=—:Polar R=2/3
—+--:LDPC R=3/4
==+~ Turbo R=3/4
" —+—:Polar R=3/4
z23 |-~ :LDPC R=5/6
== |-~ Turbo R=5/6
--4 | = :Polar R=5/6

1| :LDPC R=8/9
== Turbo R=8/9
—*—:Polar R=8/9

(EJ/No)/dB
BLER : IRREK

LDPC : (R BERILTD

ABE38 3756 BE)BISRERES (Turbo LDPC 5 Polar ) BYIERELE R (SR ALK E K=400 )

RV
26 | MERERA

201928 2558518 Feb. 2019 Vol. 25 No. 1



(Log_ MAP) 8 75 # Lt , Polar 1%
SCL % fith 3 vk 52 2% % I 5~10
s P HBRARHRFEHE S
LDPC f#5 E BP %% i B 1 A L
Polar 1t SCL ¢ 5 B8 v &2 4% & %
ik 3~5f% . m ot n] WL, X F
WA, b i A VERE 5 4R
A REE I # o

3 WMIEE4E

3.1 WMALBHEILARR

e A 5 0 B M T2 e
HAE AR T O BB S A0 HT , f
i BLER 5 + 15 18 Wt & BF .
E. Ankan £t T SCHE L4 TR
T PR 35 1 5™ 9F BRI
B PSRRI T (N
E ST R, 25 T R AR
i ) BE AR B2 . E. Ankan 7E 3C
HR[27) 8 UE B R H 2x2 #% 50
FE F AR 8T (N o0 ) 22 4K
P BE Py(N) <2, iR 2% 4
BOB<U2 gl &l , B i iy
2= FE AR R BE A 1 K n 7 iR 4R
BT B . Korada %6 A it — & UE
B SR B I A AR L
W M fE Py(V) <2,
E(G) 15 AR FE G o I 1) 22 4
FEB MR A 1,

Shannon 7£ 1iE B {5 i 2% 7% &
PROBS, R T Bk

(DK, B N> ;

(2) RJHBEVL G5 7% 5

(3) J F 15 U5 5 18 1k & T i
0y F (JAEP) F¢ 4 |, R B &
LR P )RR 1

X 3 AR %N TR E

FHl F

O AN S e Y B Ay
WA &M . KBk, A%
K 2 B, T A M Tk
5 AUL B HL 2 B, 91 4 Turbo A5 5,
LDPC 74, # 2 A7 — & W B AL 1
AE f% 76 A% K 78 43 < I 38 0 {7 B
i, HE 3 MBI EE, N
I JAEP R |, >k H B & g A 7
1) PRS2 15 18 g 5 o BEE B 19
KR,

XA 18 # AR Y IS R AR
2 TE SCHK [26] H 48 L W AR AR
P 52 B bR JARP 45 M 10 # 1
/] o Turbo i 5 LDPC 4 i 4%
R T WE ML G 05 1 15 A, (HLHE L
B4 JAEP R PE 5 1M 78 3 £k 4 15
WAk AR e T 5 1 A B {1 AT
VLA 2 6 MR i S, 3 A
B B N4 4 Shannon 5 46 WF B /9
FEA TR o W AL R AT 25 4 R
Bl A 4R O B L K AR AR Ak A
55 Bt HL 2 B EL A — S0 T O 2
FEERE, MY T AW T 5 E g
S PR L) 5 1 UE B o

3.2 MLEEAIE

1 R A5 18 25 2 0T 35 B A
G, A A5 A O 34 A rh AR B A
347

()& A SEE

W AL B /] L™ A GE B A
R G X — R A A [
T Turbo/LDPC 1% £ 85 22 (1) 14 fig
Yo, [RIAY, 78t A 54 (100 ~
2 000 bit) &, 2k f] CA-SCL 3%
Bk AR B E LT
Turbo/LDPC %, H1 F3X 2 J7 [fi /)
P, W A A5 BE % 1k 21 B I 1 22

ARE—"—RBRER 56 NA T&

AR AR E IS A T T SRR
I (18 38 175 15 i 75 oK o

(2) Rk

A 5T R B, Ak G B
il B4 P B8 AT LA 1 Turbo/LDPC
o T R ) o A X B Ak g R R
MR A DEAk , vT DATE A e b 4%
PR 3630 15 T 2 B AR, A R 4
FH SRR AR E G AT S
RORAB T oK .

(IR AR

R TR AV~ SR E TN =R
1 SC . SCL/SCS . BP i fith 349 , #F
AL 2% B Oy sCSE B,
AERE U8 7 R RS M Be 5 A B A
JEZ AR AL T B R AT B A0
AT ) B S 25, HAT
) TR S F A6

EPNE AT LIS N s
B e 3 BT R, 15 AL AT
FAE T ot R G0, 245 Floi
5 R G5 WA IE .
LA ZHH (MIMO) &4 . £
hEHE A(S B (MAC) 4k R 5.
— MR, FAT AT LS T E
WAk 1938 15 B o FR Ak 15 B
AhHE R G, E 9 45 T R R
GifESL

Hy 19 w0, A ik A5 U8 Ab 2R
R G50 R HLEE 05 I A0
A, % MIMO/MAC/Relay 25 1% i
5B AT 5%, 9T 5 2 Ak
o B i E AT B SR DT C o 7E 42 0K
s, Al LA MIMO/MAC/Relay A
A3 5 22 A Wk Ak 5 136 A 2 A
TG ER AT AR 45 R 1 B AR UL

ERISPERE b Ak MR B b
H R G5, BENS 38 3T A LY 9 5 18 2%

RVE- 1 N
hRGEIRRA | 27

201928 2558518 Feb. 2019 Vol. 25 No. 1



TR CARIRE—"—RIBERER 56 NA FEl F

N L |, |MIMO/MAC/Relay
RIS IR IS 25 R332 ARAL, 5 iy

I Lol oz | I MIMO/MAC/Relay
BB 4R 838 24383 ARAL A R IR &7

N N e | ,|MIMO/MAC/Relay
WICIB RIS es RI3Es Wik 5 R T

MIMO/
MAC/

~— RICIBEDE R_e%y
=P\=]

IS VIV

: S NOMmA/

Relay )

— BABREE ~— SEL

L 2

= =
Ll

~— MLIBEBE

<4389

MAC:ZHEAEE MIMO:ZEAZHEE NOMA:FFIERZIL  Relay: (h4k

RILERLERR
HEZR

i, FLA (R4 a2 T A )
RE s 7E 52 Ak 7 T, B AR {5 B b
MRS, TR T AT EIEAR
Ak B 2 DL SC &5+ R) FE WCHL
RE % 2R 15 52 2% BE 15 M g 1 A
o,

2 5 TE SCHR [29-30] H 42
T e 4a 85 1 JE IE &2 £ ik
(NOMA) 5 #% 1k % % MIMO F
%, Y IE) %5 5 B4 Turbo 4 i &
GEAR L, X et A gn 5 R e HA
I PERE IS 25 .

4 HERIE

AR SCE G Il B A TR
Pt %) R AR i 128 0 i L 455
(AN B AR S TR A
BN T 56 58 3lid {5 b e b
e A BT ) B AR SEAR, fe i 1
® T RALR LS L, I R B
RAMETET5 1) o AR AL T
56 BT JAEP (15 e

IO R (PR TR S ZEN
PERg“RIE™ 5 R A fE
B ARG S T HEIER KR
B R RRE—"H R
R B ARk {5 RS iy
5 1)

SEI

[11 SHANNON C E.A Mathematical Theory of
Communication [J].The Bell System
Technical Journal, 1948, 27(3):379-423, 623-
656.DOI: 10.1002/j.1538-7305.1948.tb01338.
X

[2] ARIKAN E. Channel Polarization: A Method
for Constructing Capacity—Achieving Codes
for Symmetric Binary—Input Memoryless
Channels [J]. IEEE Transaction Information
Theory, 2009, 55(7): 3051-3073.DOLI:
10.1109/T1T.2009.2021379

[3] 3GPP. Multiplexing and Channel Coding:
3GPP 38.212 V.15.1.0 [S]. 2018

[4] ARIKAN E. Systematic Polar Coding [J]. IEEE
Communications. Letters, 2011, 15(8): 860—
862.DOI: 10.1109/
LCOMM.2011.061611.110862

[5] NIU K, CHEN K. CRC-Aided Decoding of
Polar Codes [J]. [IEEE Communications
Letters, 2012, 16(10): 1668-1671. DOI:
10.1109/LCOMM.2012.090312.121501

[6] NIU K, CHEN K, LIN J R. Beyond Turbo
Codes: Rate—Compatible Punctured Polar
Codes [C]//IEEE International Conference on
Communications(ICC).USA:IEEE, 2013:
3423- 3427.DOI: 10.1109/ICC.2013.6655078

[71 NIU K, DAl J C, et al. Rate—Compatible

201928 2558518 Feb. 2019 Vol. 25 No. 1

Punctured Polar Codes: Optimal Construction
Based on Polar Spectra [EB/OL]. [2018-12—-
26].https://arxiv.org/pdf/1612.01352
[8] WANG R, LIU R. A Novel Puncturing Scheme
for Polar Codes [J]. IEEE Communications
Letters, 2014, 18(12): 2081-2084.DOI:
10.1109/LCOMM.2014.2364845
[9] MORI R, TANAKA T. Performance of Polar
Codes with the Construction Using Density
Evolution [J]. IEEE Communications Letters,
2009, 13(7): 519-521. DOI: 10.1109/
LCOMM.2009.090428
[10] TAL I. VARDY A. How to Construct Polar
Codes [J].IEEE Transactions on Information
Theory, 2013, 59(10):6562-6582.DOI:
10.1109/TIT.2013.2272694
[11] TRIFONOV P. Efficient Design and
Decoding of Polar Codes [JI.IEEE
Transactions on Communications. 2012, 60
(11): 3221-3227. DOI: 10.1109/
TCOMM.2012.081512.110872
[12] DAI'J C, NIU K. Does Gaussian
Approximation Work Well for the Long—
Length Polar Code Construction?|EEE
Access [J]. 2017, 5: 7950-7963. DOI:
10.1109/ACCESS.2017.2692241
[13] SCHURCH C. A Partial Order for the
Synthesized Channels of APolar Code [Cl//
|IEEE International Symposium on
Information Theory (ISIT).USA:IEEE, 2016:
220-224. DOI: 10.1109/ISIT.2016.7541293
[14] HE G N, BELFIORE J C. B —Expansion: A
Theoretical Framework for Fast and
Recursive Construction of Polar Codes [Cl//
|IEEE GLOBECOM2017.USA: IEEE, 2017:1—
6. DOI: 10.1109/GLOCOM.2017.8254146
[15] CHEN K, NIU K, LIN J R. List Successive
Cancellation Decoding of Polar Codes,
Electronics Letters [J]. 2012, 48(9): 500—
501.DOI: 10.1049/el.2011.3334
[16] TAL I. VARDY A. List Decoding of Polar
Codes, |EEE Transactions on Information
Theory [J], 2015 6(5): 2213 - 2226.DOI:
10.1109/T1T.2015.2410251
[17] NIU K, CHEN K. Stack Decoding of Polar
Codes [J]. Electronics Letters, 2012, 48(12):
695-696. DOI: 10.1049/el.2012.1459
[18] CHEN K, NIU K, LIN J R. Improved
Successive Cancellation Decoding of Polar
Codes [J]. IEEE Transactions on
Communications, 2013, 61(8): 3100-3107.
DOI: 10.1109/TCOMM.2013.070213.120789
[19] LI B, SHEN H, TSE D. An Adaptive
Successive Cancellation List Decoder for
Polar Codes with Cyclic Redundancy Check
[JI.IEEE Communications Letters, 2012, 16
(12): 2044-2047.DOI: 10.1109/
LCOMM.2012.111612.121898
[20] LEROUX C, RAYMOND A J, SARKIS G, et
al. A Semi—Parallel Successive—Cancellation
Decoder for Polar Codes [J]. IEEE
Transactions on Signal Processing, 2013, 61
(2): 289-299. DOI:10.1109/
tsp.2012.2223693
[211 ZHANG C, PARHI K K. Low-Latency
Sequential and Overlapped Architectures for
Successive Cancellation Polar Decoder [J].
|EEE Transactions on Signal Processing,
2013, 61(10): 2429-2441. DOI:10.1109/
tsp.2013.2251339

=» T4 62 7



RK7

TN E NEYS
ITTERAK

Over—the—Air Computation for Future
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Abstract: Over—the—air computation provides a novel communication and computation
integrated architecture. Without recovering individual node ’ s data, it utilizes the
summation property of wireless channel to compute the target function directly with all

nodes’ concurrent transmission. Thus, over—the—air computation can reduce the
transmission delay in communication—constrained computation scenario. This paper
introduces the principle of over—the—air computation, and discusses the key technologies

of its implementation.

Key words: computation; multiple access; wireless channel; future networks
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The Grant—Free NOMA Technology and Its

System Level Performance
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Abstract: Grant—free non—orthogonal multiple access (NOMA) technology and the system
level performance are discussed in this paper. For grant—free NOMA technology, user
identification and channel estimation should be carefully studied, especially for the case
with collision. The corresponding solutions are provided in this paper, and modelling
methods for system level evaluation are also given. The performances of grant—free multi—
user shared access (MUSA) based on pre-configuration or random selection are evaluated

by system level simulation. The evaluation results show that grant-free MUSA has
obvious performance gain with practical assumptions.

Key words: NOMA; grant-free; MUSA; pre—configuration; random selection; collision
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Dynamic Defense Mechanism and Application
for Smart Identifier Networks
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Abstract: In this paper, the system model and design principles of smart identifier
networks (SINET) are introduced, and the application of security in dynamic resource
adaptation is analyzed. Then the dynamic adaptive defense architecture and mechanism
are proposed. Theoretical research and practical deployment both prove that SINET
dynamic defense mechanism can flexibly schedule network resources and intelligent
service migration, so as to better cope with some network security attacks.

Key words: SINET; future networks; dynamic security defense; resource adaptation
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Abstract: A joint uplink and downlink beamforming design and reliability tradeoff is
considered to guarantee the end—to—end performance requirements of ultra—reliable and
low-latency communication (URLLC) traffics. Under the bounded channel state information
(CSI) error, the worst—case transmission latency is minimized, subject to the over—the-air
reliability of all links. The transmission rate, latency and packet error probability are
characterized by the approximation equation based on the finite blocklength coding. The
optimal design problem is reformulated by utilizing the monotonicity and the convexity of
the end-to—end latency with respect to the reliability, and an efficient algorithm is
proposed based on the alternating optimization technique. The simulation results validate
the impact of the CSI error, power and reliability requirements on the transmission
latency. It also shows the tradeoff between these system parameters.
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alternating optimization
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Abstract: Following the “line—plane—cube” evolution trend, Beyond Fifth Generation (B5G) in mobile communication system aims at
improving communication data rate, extending communication dimensions, implementing communication intelligence and is on the way
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to evolve into ubiquitous fusion information networks. Higher spectrum bands are used in B5G and the peak data rate could be T bits
per second. With the enhancement of network ability, the support scenarios of B5G includes the land, the sea, the sky and the
aerospace. Different with the existing generations, artificial intelligence (Al) becomes a powerful engine for B6G. The key technologies
in the physical layer include the Al-based interference management, deep learning intelligent signal processing and THz technology.
The transport layer uses the polar code-based relay, multiple input multiple output (MIMO) and multiple access technologies. The Al-
based mobile network framework, the ubiquitous fusion fully—analyzed network framework for human—-machine-things and the
intelligent definition network framework for cognitive enhancement and decision deduction are used in the network layer.
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Abstract: High efficient and accurate wireless traffic prediction, such as arrival rate, user account, and throughput, will provide users’
real demand for network providers, which is the key for intelligent wireless networks. However, there exists incomplete nature for
wireless big data because of the unreliable wireless transmission, the failure of data acquisition and low sample rate. This unique
feature may make wireless networks lose massive useful information and bring great challenge for accurate traffic prediction. To meet
this challenge, an incomplete data—based traffic prediction framework is proposed, leveraging the incomplete data set efficiently via
filling the missing data and digging the temporal—spatial information.
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Applications of 5G in Vertical Industry
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Abstract: In this paper, the maturity and application schedule of 5G in various industries
are proposed, including augmented reality(AR)/ virtual reality(VR)/ mixed reality (MR)/
holographic reality (HR),vehicle networking, smart grid, intelligent manufacturing. The
application characteristics and main application scenarios of 5G in typical vertical
industries are analyzed, and the key technical requirements of 5G in corresponding
scenarios are put forward. Finally, some suggestions on the further development and
implementation of 5G in vertical industry are proposed.
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