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Abstract:  One of the hottest topics in the field of wireless communication is ultra-reliable and low-latency communi-
cation (URLLC), where channel coding with short-and-medium length plays a critical role. Unlike the case for long codes,
in the finite code length regime, the coding rate is constrained by the error performance, thus tailored coding construction,
decoding algorithm design, and performance analysis and optimization are required. At present, there are studies on coding
technologies such as polar codes and tail-biting convolutional codes for short-and-medium length codes, but they are mainly
optimized designs for specific code lengths and rates, which are difficult to meet the requirements of flexible coding for
practical applications. Based on this, this paper summarizes and discusses the state-of-the-art coding technology for short-
and-medium length. Firstly, we review the theoretical bounds for the performance of finite-length codes. Then, we analyze
the coding technologies proposed in recent years, and compare their advantages and disadvantages. Finally, we discuss in
detail new coding technologies for URLLC, and we prospectively explore the future research directions and development
trends of channel coding techniques for ultra-reliable and low-latency communication.
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ZEIR I TR BRI T A RS RS AT A P REFR
153 BT 7 % AL BE ALY IF A2 BR (Random Coding
Union bound, RCU) . JG 1% [1] % (Meta Converse bound,
MC) VA B E 2532 8L (Normal Approximation,NA)fﬁﬂ‘. H
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BRI FAT DL B R A G B A ik AT R
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AWGN) {5 38, 0 AT LA SR J 85 i Al o 12 1 A7 BOE 3
e B — B R, AT LRI NA 7 ik i
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PEAS . H BCH A% 25 % $5 AT fi = 735 280 1) 0 ) e 12 0 B
2, PITTE AWGN A5 A7 38 o L & 448 H: 2 449 328 1) A
T HAL B Chase PRS2 I 48 - 3% 5% (Ordered
Statistics Decoding, OSD) %7 45 13 i) 34 1k 5k FR 158 ML
B PERE . HAT, E N AR BF5EEAT EE EAS [F] A
I BT R R A R PR L S R RS
FEUT ML R RE , A3 5 B A 52 2 BE AR Y ) L

(AR — 2 09I , OSD B 5 e AR HE 42 UM B Y
A EE P W ) AT B 1 R A R O i, 2
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B, 38 5 BTG 3 98 R 5 1 RE A A A0 52 3 ML
AT T o R Y R R RO R A R
TEAE AR /b, TR MG 3 2ok 75 d5 7T 5 LU 7 A7 8 5 (Most
Reliable Basis, MRB) H il /bt LU JF: 52057 4 5 5 2R
Jl A A . H D R AL B v T T M R R R RE Y 81 R
%, DI RS AR K O (K + Lik(n— k). E AT
MIBIFFE R T, OSD 1A A Sy — b 3 T 47 I ) 135 0
SR A T[] — A (R TR AT N, HC R BB T 26 T4 ) g
PR PERD B SCER (27 1R IE R T OSD RS AT
AT NI BEBS d, (92 e 51T o= | d a1
By ) OSD BE 8 16 T fie RAUSR RS A PR BE . 2R HEA
2 J FE RIS ¢ F8 RO, DR IMTAF 9 38 148 10 et vy 4
FEE Wi ok B Bk o Wk < 5 A R
BRI Y AT S 57 DG A A DL 3% (Box-and-
Match Algorithm, BMA)DS] DL K e 4R i 0k 54 no A
2 0SD ( Probability-Based OSD, PB-OSD ) % 1% 45 5fc [
(ENZICY-F/S
3.2 LDPC#H

LDPC % % 5. 1 Gallager 7 1962 4F £ 1“0 I
Spielman 11 MacKay %5 A 5357 4 B0 LDPC S i1 3
1T H i S 800 RG89 BA &R0l BPERU%
T3, H SR B I B B8 i I {7 08 25 1 1 M
AE'. HHILE 5G 725 11 (New Radio, NR) (45 H#EH , 5%
H raptor-like ¥4 % i LDPC £ , 76 o 45 5% 1 i F1) FH BG 2
R A i R AR TR A SR 1 A 521 RS AT
I A e LDPC A%k AR 1A [R] PR 2R 42465 2
/NI B Tanner B 19 BB SR K o0 A A58 1R 4E (A BE
B WS SE R PLAR LT LDPC 5 (1 i i 1, 4
B Tﬂ‘fﬁﬁiﬂiﬁ(f’rogressive Edge-Growth, PEG )&y
LK G5 ) T BRI UART A BRI 2544 4 LDPC 44 1
PR AN A RSB BT, Z290 LDPC i HAT
B rvERe , HLRRYS B HE VTG S B R R AR R A2 3
Gl B 2

TEVERS 7 TE , Ry 1 kAR St Re PR A T A

TEBA BY B 15 1% #5 (Belief Propagation, BP) i£ 1545 |
b5 BH %% (Bit Flipping, BF) 1A% 45 B vk 3Ll b iE 47k
HEP VR AN R] A B4R DT R R B S T
PE#LH (Linear Programming, LP) (5456181 e F AT B9 P
BEIRDTOSE AR, TR K B, H TR A9 LDPC
155 PPV SAH LA ELAT k38 A PR REZE
3.3 RESHMHD

2 FH (Convolutional Code, CC) FH Elias #E 1955 4F
TR O A SE T AT R A P (rellis ) 3047 %1
1], PRI AT DA T 1 b i 4R b B8 S A AR 1 ML
B, A 2R 5 A 2 R RSB 61 i R
5 (TBCC) S AR RS FHPRER-FF — B BRI S, fig
3k B A B 45 2 R R S5 2K . ST B AT A8, AT LAl
b 3 R0 B R M 3 B G PPV AR RE Y
TBCC' ™ H A L 05 T o 10 5 2% 3 Bl 2 S 4k
Bk B, BEFE AT — DR R, R IR T B 26
JUAH B (Cyclic Redundancy Check, CRC) i 77 20 7E FR
HICAZA BE R 2508 IR AR RE A8 2038 TBCC PR RE .
SCHR 64 T4 T PIRR T 2 1% 19 CRC IR U 11
¥ T, SCEk[65 142 T CRC 21X Ak 17
%, BB A OB DR A T i A 1 B AR, AT ol G
ML FRS UG H2IT PPV SRR TERE . SR10, CRC A5
23 R R PRI A5 26 A 47 4T L (punc-
ture ) SEFERAE R I 5 A% A, 33X SRR G A% A4 3 A9 L1
AR TR

TEVERSG 7T, H T e A R ) i P25 ROIR S A
[E6] 5, Xof PR 285 B LA 4 J3E 1P ) AR AT U 2 R
PRSI M B Ry T AR AR, SCilik[ 68 14
BT TR ALY Y LA (Wrap-Around Viterbi
Algorithm, WAVA) FIXL [a) 445 b B EE (Bidirectional Vit-
erbi Algorithm,BVA) , Rl I ACHY 5 Al i+ R e 900 4y
AR, 30 3 HHE — 5 9 1 R A 40 U A 2 B I BRI . ot
Ah RS EATIE BE & A BLSF R 7 ORI R
TR PR L O TR T CRC S B, 1 %
I FH 44 HE RS 4 HH Y TBCC RS 7 K b RE T & CRC %
5y, PRI T R P A A Bk, R ] R AT 51 R 4 e
. 215 (Sequential List Viterbi Decoding, SLVD)™', fig
B TEPE I 2 CRC 29 A A 7 I S IR 452 1E , DA T A 4L
PR B4 5 R KN X THEAZ K B m (CRC A
B v BRI SR AN ¢ 1 TBCC, 1513k
NE LA R

E[Llx1—-c+2"""¢ (6)
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oryless Channels, BI-DMC ) EREBEAANEE R . %
TEH L T A B 72 AT (Successive Cancellation, SC)
PRI AT MEL PR R RAD S 2R B . AL Y S i A
R R PN i 05 1 A B I E Y ¢ i AR R
FH RIS o B T A {5 8 LR R SEMEAR A5 1%
i [ 72 HUAR . X BEC \BSC 25 fi BAME I8 , v DL %11
HAWALTHIE 2 &, X T AWGN 45— {518 , W
A] LR G S 20 (Bhattacharyya parameters ) | 5 37 3T
1453+ (Gaussian approximation) L K 52 R 2 (Monte-
Carlo) {5 A5 I ¥R H SRR 15 18 i AT SEPE B 4, AT
AT AR T BRI, BT AR AN T8 43 )
TR B R AR AT PR R 25 . O T R AL A A
L BETE A1 T G A B AL H A b T 5 ke
CRC 5 LRSI 1) CRC %l B H Ak (CRC-Aided polar,
CA-Polar) "7 ) K 46 45 B 540 Ak A 5 6 1) 35 LA
1k (Polarization-Adjusted Convolutional, PAC) fils) s
TN TERIS SR E L ARG I 4EERT DIAR P55
VAT AE AR I BR 7 Sy 2 UK. ke, WF S
148 T SR BT FL AN 4 45 (shortening ) 19 7 =k i H A
[l A< A Ak Ay 705

TER AR B PR 505 5 T, BR 1 ) B4 Hh iy SC
PRRSSIEAN PR F AT TR B T 8 I ML PRRS Y PR e
BRIZEAG 2 LT SCPRR ol 2 A8 32 R AT 41 26 (Suc-
cessive Cancellation List, SCL) 13 i3 % IR 2R
(stack decoding)"™  F&F &1 M HAT 7 I ATHF 5 19 BP
PR35 F 91 32 BP(BP List, BPL) PRSI & & I
A7 31 (4 #XAIE T (Soft CANcellation, SCAN) 1 % 57
L TRIAE CA-Polar 5 1l PAC 5 Y 265 vh | SCL 1R 5.
BRI SRR, B AUH &R SR 4R
O(Ln log n), BER HUS-HEIT PPV S HERE S [HAZ R T
SCL PR 1) ER AT Ab PR | FCTHT [ F R 428 1) 1A 250 0k 152
TSR SOtk Ry 5 1]

4 RS EREERDEA

217 e T AR P S £ X 0 S T 1 140 A% O ) A
F— T T ER  EAS S  vE RE A S, BEAE AR AR B 4
N B T A BRAS KM R FR A R BE L 59— 5 1 R
i PERS L B0 AT 06 A Ak, 1 R 3 Y 52
PR . St W98 4R T B 2 10 g ] IR E i
PRRS S A 3 S g 5% 45y AR 4 g A B R I
Frleat , A A % A 355 00 L 20 A M R 38 REAE A
[ A A 2 BRUA i A PR A e B A 1 S Tk
] D i 15 S Rk PR B Y A 2R, SRR
PERE S R AT
4.1 ERTEGRBHEENZFEEEETR

A AL X (R AR X S K RS e N BB N T

KB PPV SR PERE B A R g i B A
S ML PERS P68 . SR, ML 30 A A M DL SE B, 1 L
DL ML ) B S e LA BB . B, S ) T i
PPV S8 1 i) BT A5 A 0 PR AL m sk i R A7, A1
I R O E A A 5 T RS PR RE AR T B BT
AL HT T BN 48 5 R I PR RS M L C HL 2
ML PRSP BEEAT 20 M 3P Al LURE TR A BT 2 13
4.1.1 ETFTHEMNMLIFDEEE

X T ELAR Y G A Tk AT DLE o SRR O ik
P BRI AR .

FER,=Pr{y(y)#c| (7)

Hor, e R ARy FAEWUT I, w o (5L S B AY ERY
Bk X FER, YR30 BRI 5] At ML RS
R BN ER AR PEAS PR RE -

FER,, =Pri |J W»l&)=W(yle); = mwin FER, (8)

éele}
AR FER, AT LIAE N ML M PERERY 15 . 55—,
TEAF ELFER , 1Y [RJ I, 16 AT LAGE TR 25 R L A ik i
HRSRARERR, B
FER =Pr{y(y)=c W (ylp(») > W(rle))  (9)
YD ML PERE T 5. 4l dh, X T8 0, a] L)
BEiT 8 3 rhAETE LU AR A 7 TSR A 328 i - 1Y)
WE A ML RS PERE R R 5.
g5 b R R AT 15 3] ML MERE R Al T
FER  <FER,, <FER, (10)
P — A AT, AT ] LLdE o b R A
eI, RIS TE RS 51 w2 75 B T ML Y
2 ETESEMERE
X T A A 0 A S 0 T S 43 A AT L
FH J 5 17%) T 1 X026 PR (Weight Enumerating Function,
WEF) (3FR Ay 8 5% ) ok 2 ) . i 8 B J 02 E A
FH RO £ R MR8 1 22 BR (union bound)
Pr{UA,} < > Pri{4,} (11)
i1 et
AT ML IERS PR RERY b FY, (H X FEAR AR M LE IX Sl &
ARy . H AT T E R R AR A T O e N
Gallager PRS- ERE R (Gallager’ s First Bound-
ing Technique, GFBT)“*JR 4= [fii 3k . GFBT (1) 3L A JAH
SEAEWOT A S [ e ST —) Gallager X3 R, M TTT
X R BLHEA TR S kAl T B A B A
Pr{E} <Pr{EyeR}+Pr{yeR)} (12)
RS 4220507 A1 AL T DX R IR, SR RO BRA5 D7 ik A T

kg
PERE
PERE
4. 1.
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S YT ANAL T X R SN, I B S
FER . WIEARTE LA AR B Gallager X 38, 38 13 £ (1
T3 0975 ¥ A LAAS BN [ 9 GFBT 3¢, 491 4n bl g 5t
(Tangential Bound, TB)"" 3k % (Sphere Bound,SB)™" |
VI BKJE Ht (Tangential-Sphere Bound, TSB) > 45 . $R7ii ,
AR B 52 4 B B A A LA ARAS , AR 32 BR 1k
T U ARFER S SRS 2% . Stk rT U]
DUIA B B RAR AL 5 Gallager [X 3, 15 21 35 T 4 by i 42
TR L BT = AT R 1 A A
W2 5 R R RS TR BRI e
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