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Adaptive rate polar codes for atmospheric
weak turbulence channel

Zhang Han, Tu Qiaoling, Cao Yang, Li Xiaohong, Peng Xiaofeng
(School of Electrical and Electronic Engineering, Chongqing University of Technology, Chongqging 400054, China)

Abstract: To improve the decoding performance and transmission efficiency of optical communication
link in atmospheric weak turbulence channel, heuristic adaptive rate polar codes were proposed. Adaptive
rate polar codes were designed based on nesting property of information bits of polar codes, which could
achieve fully polarization and good error—correcting performance in atmospheric weak turbulence channel.
To adjust the code rate of adaptive rate polar codes, cyclic redundancy check (CRC) code was introduced
as stop signs, which could check decoding result. Transmitting terminal sent a set of codes with gradually
lower code rates, when the received codes passed CRC check, transmitting terminal stopped and the rate
of such code was the largest rate which can ensure reliable transmission. Simulation results show that,
compared to traditional polar codes, adaptive rate polar codes can obtain 1.7 dB to 2.3 dB coding gain at
the frame error rate (FER) of 107® in different atmospheric turbulence intensity. Decoding latency of

adaptive rate polar codes was simulated and the throughput rate of adaptive rate polar codes was
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calculated. The results show that adaptive rate polar codes can meet the transmission requirements of FSO

in atmospheric weak turbulence channel.
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Tab.1 ARPC encoding method

Method

Input: Code length N, code rate R,,segments m,
error probality P.(W);
Output ; Different codes M, ,---,M, ;
1: Pick the code with the smallest P,(W) as the first transmitted
A, set other code as frozen bits;
. for i=2,3,---,m do
. Set code rate R=R,/i;
: for j=1,2, i-1 do

=W N

Pick NR‘l codes with the smallest P, (W) from

A-A, A
J Jjt

. end for

._1» set other code as frozen bits;

- o

: end for
8: Achieve M, ,--- .M

Fou, uy uNEREBAL A, 193] R,=0.375 WIS M, ,
FET R AN A, ~A, Bl A, HIEEE PAW) /NGRS F
w u NEREEAL A, 1FHDA R, =0.25 TS M, ,
WER AT LUE 57 My E T M, iS5 M, —
WaAmET M, 5 —BrnET M,

P(W
Min KIS Max

[ Jinformation M l i l i I ” l #y | " l . | eyl Wy |_'('t?<. 0.75,4,)
bit
u | (8, 0.375. 4,)

[_]Frozen bit
“~-|—'('1?~'. 0.25.4,)

_.\.[:| u, | u, | ] | u, | 18 | u, | u
M | u, [u_. | ' l i, [ iy [ e, Tu

1 ARPC % fth 7R B4l
Fig.1 ARPC encoding
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SEAE NR =1 680, 451 ARPC 4ifih Al CRC it J5
A A FAL RS 3 R

NR.
R,= : 12
" N+L_. (12)

AL, A CRC KA, SCH i ] CRC-16 &
5545, ARPC WG 2 fin , AR LUE
Y AEHTS3 R 7 0.051~0.409 2 J8] , i /& R<0.5,
I SCr i T ARPC 52 0] DL 2 55 3 it 5 18 N Y
TR,

& 2 ARPC f£#83=%
Tab.2 ARPC transmission rate

Transmit
. . 2 3 4 5 6 7 8
times i
R, (N=
0.409 0.204 0.136 0.102 0.082 0.068 0.058 0.051
4 096)

FLL Stk T 44 WA IR R I 3 ALK
ARPC Y5 M, ~M, , 5% POW)R/NIGTFE u, oo,
FEH LTS B A, L SUAB IS 51 o TRt ir 78 5075

3.3 ARPC E®BFH*
ARPC P J5 80 SC %1%, #+ CRC #5045
AR AL A s Ik bRk A PERS A Sl i CRC
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Tab.3 ARPC decoding method

Method

Input:M, ,---\M,;

Output; x, LZ\Y;
Initialize ; Set CRC,set x=0;
: for i=1,2,---, m and x=0 do
: Decode M;;

: Execute CRC check;

: if CRC passed then

[ O

s x=1; k=i; M,'=M,;
:end if
: end for

: for i=k-1, k-2, ---,1 do

NeliNc RS el

: for j=k, k-1, ---,i do
10: Freeze M;;

11: end for

12: Decode M,';

13: end for

14: Output u}]V ;

SF M 244 LS PR ) 5 0 £ S92 A i i
PEAS R MRS - 19 1 15 S (side information), #7 M, #%
D A SR A, KRS A R RS
ST, AT RGO BT RS M B
i, 45 A 1R A0 A5 18 BERIS v 0, B i) it O A 1 W R W
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MR W> (W, Wy | BB 3665, %
M, PR SE I | B AT (35 B B8 o £, o PR 55
%;? T ARPC W75 B AL i i e, Bk
SEHT BB PR RAFAE R, =R, [k W F | Kt SF #84E
Z 5 A5 AU F (SRR A8 B R, 4% T SR Ak
IHY3LUEH R, .-+, R,_, =R, .

(1) B MRS U A E LT M,

(2) B i=k-m,m e (2, k—z),M;_mLE@ﬁ%%ﬁy
R/;fm=Rk o WFEM,_ G M/Lim’ ’Mk;izﬁlﬁjﬂﬁ

’

WEETUAE M, , BRI, M, T

% Z iflf’fi) oM B SRR IR 255 NR, -
b M, T R, =
O NNR || [N R R, =

st AR )21 R =R M T4 i=1,2,---,
k=1 #B AT
3.4 FSO #HJ ARPC 4RiZH5

K 2 J& ARPC 7£ FSO H g5 M HER] | 1 Je i 5
U5 A5 B 4T ARPC 4wfi% Al CRC 4if%, % FSO &
S O BOCIR AT VRS A AL (E B, S &
LI R RS 2 i KRR AL % #2I
Uiy (4 ARSI 88 ) 22 05 8 A A 5 AT O P e 4, P
AT IIRAE e MR 2 5 AR B EA T3R0S,
A AL R B

Source
encoder

Source
decoder

.w,l M, ..-,u,_J'
ARPC&CRC .
encoder _‘fil--"’ﬂ

Modulator

Photo
detector

'
Atmospheric -
channel

Optical
source

SC
decoder

2 ARPC 7£ FSO 1) 25 HHE [
Fig.2 Schematic diagram of ARPC in FSO

K2 Wk SHHLAL B M, o 4 it ARPC i 65
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% 4 ARPC 7£ FSO FHIHRIZFWE %
Tab.4 Coding algorithm of ARPC in FSO

Algorithm

Initialize: Set CRC and maximum transmission times m;

Set initial i=1 and CRC returned value x=0;

: Send u[l\ to ARPC and CRC encoder;

—

2: Send the encoded codes to Tx;
3: for i=1:m and x=0 do

4: Send M;;

5: Execute SC decoding and CRC;
6: if CRC passed then

7: x=1;k=i;

8: end if

9: end for

~

10: Execute SF and SC decoding, output ullv;

3.5 ARPC FfAEEEM R

Hi & 2 I %0, ARPC Y05 i) & L L AR etk ik
T PRSI E K, {H CRC KB B TE R % ACK (5%
IR LK K ARPC (AT | 3302 H R % 2 0 TR
P ARPC 55, 4 CRC e B ik i, 15 B 26 e 7] i
] VP A BT % BT R 3% ACK 155 | 76 R 3% 2C
(211 R PR M, 2 TR T ) SF AR M,
PR ELZA T WG HEAT . Lt m 4URSF M., M, PRSI
GE L, k MY M, - M, I SF HRE SR E 1,
LU, an =X (3) Frs .

1 1
L=L,+L,=max{t,1<i<m}+ 2 1, + 21 (13)
j=k j=k

A max{t,I1<ism}H M\, .M, FERSEFE] 7, 19 i
KA g SEHAEMATIEL: 0 X0, 0 My, - M, 7

YA ] £, 50 BNME . TRV M, M, BIPETSIER
TR, HSCORW m e KRN, v LU
TP IE  SC M I Al 515 B4R ¢ 7 B
P22 | RS AR M, -+ M B B0 1)
J& NR,NR/2, NR/3, ---, NRIm ,M,,--- .M, T K%
T )27 M, B PRSI A] ¢, RIAT L, =max{z,]
l<sism}=t,

SF #4F N 55 208 B 28 1 A9 £ B 7 SR A

D0 AN, BT SFEMEREVGET Y, 5

M, oo M WS A S e TR S
A0 M, - M, BT Dl X, SF ¥R E 25
M, - MRS RA N R, AT NRIK AME B0, B

A ALUH NRIKAS TS 7 BT R BT 2 1, ~
ki, . ARPCHFHSIAE LT IR HA T (14)
L~1+kt, (14)
ATLAFE ), ARPC 7 SC ¥R T B 5 I 4 [ £
GAALTL 224 ke, , T U G5 J5 4% B 7 AL NR/
kAME BRI TR, H SC D EA B R 3%
T E 25 B 2535 LA OB S I TR ke, EE 1, /1N
SCiFMIREPESMHREH BH , B hE
Je (/N (Min—Sum, MS) J/E b8 1 5 fL %
“ETEHE, 5 ASHZ G211 Ay s SC IS 5E
T LI RO AR SC 1R 325 BRI 4E , [ 3
] 4 M AR ) R R A B s 2 ), O 3 q
FIL48 SC s | [ 4 i L SC PRAD k.

&l 3 %458 SC PEdR =&

Fig.3 Conventional SC decoding diagram

& 4 P SC ¥ s 25 &l

Fig.4 Fast SC decoding diagram
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Bk B AU SC i iz L%, T LIE
AL 8E SCIFI T2 14 AL IR itk SC %
AL AT 9 Mia B AL IR, B ey T8,
H TP SC IR L HUA 5 T AN BEAY S iR
AR, Pk SC LRI IERE 52 48 SC
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RERSTEBE A AT S F s/ NPFRD IR AE | 3K ARPC HY

5 B3R
¥%F ARPC {5 Bt R L F ARFR .
_ k(1-FER)
=R (15)

Hf LT SRR bits, [FERAETERSHFEK
BE R IR LK G N RS B SE RS A G, T
ARPC 78 KA i i 15 38 P (19 55 R 128 A B 48 7
ROWGHESS 4 AT BT LA |

4 HESHH

BB BOEI K AN 1550 nm, EHITEE LK
1000m, KALEHHE C 48 MIEL 8x1071° m? 2.4x
1075 m ™ Al 4x 107 m | X6 17 557 e AR O 15 T Sy
R AR | AR TR R AR P, o 5 B BE I,
CRC & 50 ¥ £ CRC-16, ¥l 77 =X A OOK ¥ il ,

i 225 3Gl [211 0 S BE A9 7 2315 ARPC 1Y
PR AE 35 ARPC i34 N=4096, iz K AL i Ik 5L
m=8, 5 AT RS MK 2, A SH CHk[22]F
MRS AE R T b, S T A I K N=4 096,
i3 R=0.409 Y, 5 ARPC 55— %R A H , :65
WA SC PRI AN SCL B0, KA LEH M S C
09k 8x1071° m™ 2.4x10™° m?* fl 4x107° m™*, b
BRNFER SR IE T ARPC 52 2% SCHk [22] 1Y A% i
HE G 5 PR

MNE A LLE 2% SCHk[22]14E SC A1 SCL
T A I SE 5 i Y v B C G, T ARPC BYTE SC
PR T (0 B S 5 i YA 5 R A O i A SR R AR KC B AE
Bk, % C M 8x107° m ] 4x1075 m?* if , ARPC
R SC BB IR OL T, RS A ZE 252 k[ 22]
1E SC PERL T 1Y 1.85~3.714% , (RS % SCHk [2217F
SCL 4% N 1Y 44%~88%., 1 ARPC 7E% F s SC

PR A IE O T , 15 B RE S 2 2% SCHR[22]7E SC %R
TR 1.19~2.38 fif , (& 2% SCHR [22]7F SCL 34
T H) 28%~57%, Wil T ARPC 7E SC PEiS T Ay 11
IF4E SCL /MG 2, [A] It HIPeid SC i35 /] LA &L
HLal /N A P A
% 5 ARPC 5& 5 R ASAIE
Tab.5 Decoding latency of ARPC and

traditional polar codes

-2/3

Scheme Searching width L Ci /m Latency/ps
Reference[22] SC 1 - 27
Reference[22] SCL 8 - 113 (4.2x)

ARPC SC 1 8x107° 49(1.85x)
ARPC SC 1 2.4x10™" 67 (2.57x)
ARPC SC 1 4x10™ 84 (3.71x)
ARPC Fast SC 1 8x107'° 32 (1.19x)
ARPC Fast SC 1 2.4x107% 45 (1.65x)
ARPC Fast SC 1 4x107"° 64 (2.38x)

Fb 25 TR b 3305 7 % AR AN [R) 3 D 2 3 T 1) 1R )
HE, AT LU i 5 B X T ARPC 19 1RR5 ) 428 11 52
W AN BB, JBH 2 ARPC 3 Ay SF et B i AR
LTSN E, W SF R AE A AT, T B R Y
F Rk D YRR R AT BT LA T AR
AR B A T B, RS mT LA AR e A ] P 5
B

BEE M ALRS Y R LR 5K N=4 096, 2% X
Bk (141 L7 R B S R O R=0.102 55,
ARPC 12 2% SCHK [ 1417 B 716 A 6] i 0 5 BE R 1Y
SC i MEReaniE 5 o, IWEH AT LIE ), 7E AN [F]

AN

e 10
w w N
™ - C/=4x10 |:-I|\ L\b\
B SR S R T \
LU 114] \ \ v\
= =4 x 107 ARPC — \
1 — C=24x 10" ARPC \ \
-8 (=8x I.” ARPC \P . \ : :
| 2 4 5 6 7 8
SNRIdB

€ 5 ARPC ‘5 8 fLAR AL A5 B4R WU L 45
Fig.5 FER performance comparison between ARPC and

punturing polar codes
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TR R, ARPC (PRSP RE YT b2 2% SCrk[14]1
WAL R, X & ARPC 38 i 43 ik £ A1 SF
R EA AT, G T BRA R I PEREBR TS %
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FEAF T 221,23 dB I PEREME 25 . X2 A
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