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Abstract: A low complexity cyclic redundancy check ( CRC)-head biting convolutional code ( HBCC) -
Miller cascaded encoding scheme has been proposed to combat interference in long-distance wireless
transmission environments and greatly improve the communication quality of cellular passive Internet of
things systems. This scheme can utilize the combination of CRC and HBCC for encoding and decoding.
Compared with convolutional CC encoding, the minimum number of registers can be reduced to 1/3 of the
number of long term evolution ( LTE) tail-biting CC ( TBCC) registers, significantly reducing the
computational cost of encoding and further reducing label encoding power consumption. The simulation
results show that the proposed low complexity cascaded encoding scheme has a performance improvement
of 4.2 dB compared to Miller8 encoding, further enhancing anti-interference performance, expanding
single station communication distance, and retaining rich clock information between codewords, which
can better adapt to the label encoding requirements of ultra-low power cellular IoT systems.

Key words: cellular passive Internet of things; head biting convolutional code; cyclic redundancy

check ; anti-interference

SRyl IR VA R T ORI BRI R identification ) FE AR AR Ry i R W W i R R R R
W Rk & J e 4, SR 1 ( RFID, radio frequency RO Z, — EHA L Z M BT AR SR T

W is B EA: 2024-09-15
E£WA . s B ML E KR &KL (20252D1301400)
EER/N: &5 1977—), %, [=27 w3 H}M‘rﬁ:jinyidan@ chinamobile. com,



%5 1

GIEFL T 65 U R 5 O MR B R 5 13

Ja PR, S ECH Al AR TRV [ 52 A bR
BT S5 {5 B B A LK, KK BRI T RFID
FIE 7 5, B T35 M 2% B9 LI RFID R4, 15
B3k i 5 RE 0, B 5 R B i 2 oK g
W AP & RFID {f g5, il 1 s,
€2 T

(S i B
T T

MBI BT AR,

Bl S JOIRPIEK I R 4t

Shy i L T2 P S A i Y P R SR BT 1)
S T A SO A 1 9 R, A A DI TR ) B R e
A 2 R SRR H, TFRARTU A v P RE 2 5 07
SR BRI , HE TG U 1 A0 0 3 3 15 ) Rl 5
BT, B Jrg B R HOAR i T

1 FEHE

1.1 &% RFID R &ML
RFID el LM gD ) X 325 2 2 hn
Z(R2D, reader to device ) & ik vl 5 B 4w ( PIE,
pulse interval encoding )" $r %5 F 55 4% ( D2R,
device to reader) & FH XA [B] f 5 ( FMO, bi-phase
space code ) B K #) ( Miller ) gt o7 e 2 s,
Miller Bt (s A5 Jo 390 f b i) gk 72 of — e ] < 1
PEATAS , AN B AR X — e <o AT A A, A7
MBS “ 07 AL, 23 AEAT 5 I ] J&] 40 01 4 A 155
LA B OR 207 2 NS i A Z 5 A
1 ANZHR T AR 1k 0 R SR F 4R 5 % 1/16
() Miller8 (1 55 F IS 1 8 A>T P A1) Sty
T3 30 AT TCEE R PR 2 JO 2 A% PR T i e s
o, x5 BATEERAL R R B4R T A R
ooo [LMLMUUULa T
o nnninhigiiyk
oto MU U U UL UL

o UL LU UL LU LU
100 [ LU U U LU U LU UL
o1 [ U U iU L.
110 (UL LU U UL UL UL
vt AU MU U L UL L

&2 RFID 47 Miller8 4% J7 =

1.2 fE5EE RS H 6 255 4R A0
1948 4F Shannon %tﬂﬁﬁ%{%ﬁéﬁﬁ%fﬁ}ﬂm .
{8 P s BALHNE R R MRS FiERE C B, —

SEAFAEREANE T8 G % 7 ¥ , 24 58 43 R I i i 22
B gt ] SR R e SR, T 4 Al
BEATLA A RN B AR SR PR JEL 6 R 1 18 2 B 1) e
BT B9 (5 S FIS LAl . 1957 4F Prange #& H 1
IR KIS (CRC, cyclic redundancy check) , 1
FROGERS | R HAS - HA IR IR RS L R AT A A0
IRALGAIR R Z It iy 1 ARG, Ak 1 R0
SR P A TR ARSI SR L TP i
JEAIE A, AE T 1 A5 5158 i CRC AL 3 B AT,
1955 4F Elias 2 5 09 % F1 4% ( CC, convolutional
code) V& —F A ICAZ AV TE it B b g AR
FEds , N0 T RST8] AR OGP | AT 384 3T ) )
s, QIR 3 s, g R R kAN L L AR
G n AN EERE kA n Gl AR /N RS G R AN A
PRUEFES R 4 A% = BV AT TR 1308 | 3 B 2B A %o
AR, R B 15 B LR/ (IR SE /N Y ER AT A5 F
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3. encoder _ output = headbiting _ encoder ( trellis, B (1525 2% ) 34T Miller-HBCC #3485, 1)
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input(1:v) |5 % V%R G A% I 7> T A DRI R BB T U PERES K | $2 71 4653
encoder _ output = convencoder ( encoder _ input, TCUE I W [l 45455 1 1) B M 1k E , SO AR AN N
initialstate ) ; % HBCC Zmfi%fi PR 2R B AR BRI 6 B

L RF H Eff@jffﬁ L H Pﬁ‘ﬁ,‘le ﬁ%ﬁﬁ]iﬁ]—{ i:%']ﬁﬂi]
I
)

6 el
B B, S AR EE Bk 00K B Xk,

BPSK I | e 6l %Y 52 2 e S {5 5 B9 2 ), T Miller 1R A IR AE B S 1) ST i B 40
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1 A LLOIR S R AR, D H MR B9 BEL Xy S04k L PR, JCvE i 45 HBCC PR B it
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AN, =A-B=0,N, =C~D = -2NM,iT55 N, 4 R VR348 BB A A IR T TBR (A
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W% i A bit (i=1,2,---,M) ) HBCC & IF 4k (E it
HHRRHALT, —abs(N,) ], LILIRA N, = NM, N, =
— NM JFEE N A bit(655 0) FEE N, 4 bit (655
1) R B E AR S, AR HE AR TS5 @ A HuRe Y
PAEAR R 4 45 HBCC BRI BLEEAT LRI b

FER3  HBCC 4iHrLLikmd, LI R PURSE 7
REWN RIS RENN) HEFe , % 0T A B vh 22
BRI HAT 5 HBCC dwf s A4 i A
( RMZ AW IRES S A AR HR) AR &
HBCC SiBZs 1) A2, BOIZ AR by doc A 1% i s A2
(BT, best transmission path) , % FIKi #4% BT 275
ST AR RRURS S R RO ER A A T
R4 HT AT LIRS 8 AT, WS I A IR S
ARSI S

T4 KB BT 4T CRC K5, 5 K 5 i
b DN KE G2 I AR o R RT 45 O A O GE L, T
IR 1 BBURSE RO T AR AR A 25 HUIRZS
HARESNE S, AT 9K 6.,

List Viterbi
PG (1=2)

CRCAE 5

PRk

HLEE R
FRAEM

| wrmt

F 8 Hril HBCC 3% iR Kl

F]S LB 2 P e RBURESE
KT EEAE BT B9 A B8 AR 45 HOIRES ) IR 5 %
2 BT RIS HUIRZS I L sk BPIRZS S S v,
BEIPARZSFN R AR BN T 1, DR AR 2 BT A A
Hh R BURSE B IR ORI 1 SRR AR R S5 HOIRE S A
REBFNFE S,

PR X TRESIE S g R IE
Frig BV IRS IS RS R IFAT Viterbi 1Y,
AR P AR BEAS, BT A PR A2 rp e 4 20T

RS R ECR M L ARHAR, BATHIR T,

USRAER 6 it Y% AR D0k CRC K%,
MRZEL sl PR 7 —HY R R, B3
it CRC AN 1k, —BARAR MR LL S5 T 2 B
LSRN LB MO0, 5 15 e e ZR A R B i 45
W LAE— B

HBCC BRISFEIETSH L, P, L 0] iR (e N
AIHC AR BAR B R Tl sk AL, Ak, P
HI L BYHERI7 2R FH R AL B o m E— 2B 05800
&, I HRIEAG R

BT XPBR 6 PRRIA L AABARMRIRT
CRC 256, iR A ged 1o, W vk 45 1k, O iz %
R LSRR TR I AN, B K PR L,
AT IR 6,

BEXFSEBR IV, 45 & AL LS, K20 B8 6 vt
F X RR 6 AR REI L A AR IR IR AT CRC A%
6, AR SRAER B A, SR A5 1k O s A AR
L R BEAR A AR B AN T Ao, UK P L B IR R
HP, L, SREHITLES,

RS X TIRESIFR S iy RIS IR
Tr46 E VU IR NG RO B IFAT 9 R 4R LR
(PLVA, paralle list Viterbi algorithm) , BFAIRESAG-EB
P, AREEAR SRS T A A AR v e 4R R HIR S
ERERKM L, FAR, IR ETT CRC K5, 0
SRR IE L B A8 AR O I AR W R A
RS AN I R K v A SRR
Hik2 HBCC A
N SRR AL LLR 74 input_LLR , 2 i 45 4
WE trellis, FIUR AL List KB L_t
HitH : HBCC A4 3 bit_output
1. demodulation_output = bpskDemodulator ( receive _
signals) ; % fif I
while(1)

2. bit_output = PLVA_decoder( demodulation_output,
trellis, L_t) 5 % JATHERE LIRS DT A RS
AR Th R UL Lt A5 EAE

forx=1.L1

[ decoder_ouput, err ] = credetector ( bit_output
(x,:)"); %CRC 5

if (err==0) % #7 CRC KSad i, WA A BR
45

break

end
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%48 %

end
if(err==1)
//# CRC BB AN 5, DU 418 v 19 A 371 3R 4K 2
L_t
else
break
end
end
FER Y - function bit_output = PLVA_decoder (input_
LLR,trellis,L_t)
for i =2 output_len + 1 % output_len &A% H [t
Rl
for j =1 :trellis. numStates % tRZ%L

/)y ST T SORAS R

N
e

end

end
/) FIWT R AR AR R A2 A% >R H] LLR R2nit 5
RSP, Z 00 LLR MR 72648 5 A% AR B
/) ARSI LS | R 5 Joe o A7 A AF 7 )R
BJE R high_order £A0#X I 1 HE T £
v = lb(trellis. numStates) ;
for S =1 :high_order

currstates = search_states(S) ;

/) WIMEACBE R AEAE I road _matrix , 77 3 B 1>
R R RR AR

J/ HIHRACHE RS cost_matrix , £7-fif 24 BT IR 25 RS
JE

fori=2.v+1

// NTFBR T A B 2519 RO B8 A, TR cost _

matrix , road_matrix

end

for i =v +2:v +2 + delaynum

/WCEHTRAS I iR 8 o A RS
cost_matrix , road_matrix

end

for v +3 + delaynum ; output_len —v + 1

/AR BE 2 HTR S B AT cost _matrix, road _
matrix , o5 T A 23R S IR A RS AR

end

for i = output_len — v + 2 ;output_len + 1

% AR P 2 AR A BT cost _matrix, road _
matrix , 25 HH T A 15 2| MR S

end
% ZEAERE LI W feft L 4B IR AR I T 0 S AH
A AR B HE
for y =1 :saved_path_num
path_matrix ( path_num,1) =
cost _matrix ( search _states (S) , output_len + 1,
¥)s
path_matrix ( path_num,2:end) = road_matrix
(search_states(S),:,y) —1;
path_num = path_num +1;
end
end
path_matrix = sortrows( path_matrix, ‘ descend’ ) ; %
X &ATRAK AT TH TR
bit_output = path_matrix(1:L,2:end) ; % HBCC ¥
T i

4 ME.ZNERESH

4.1 HERIERSH

£ Matlab £ EC b | i e 307 7 e 7 £ 10 3R 85
B B B R & S HIL ORI S8 A A TE RS AR
B i RS (EPC, electronic product code) 7%
LI B R 16 57 B ML =X B4 B ML 4L ( RN16, 16-bit
random or pseudo-random number) ¥J K F HBCC-
Miller 4t , Horh EPC 45 CRC £ 36: {5 5., RN16 A5
CRC 305 B, % HBCC 5 CRC I8¢ sk i /b
AN B S HOR B AR E 112,
CRC KJ# m =6/8/10, S5k 1/2 ,HBCC F 74
N v =3/6,

19 } HBCC %t 5 CRC-HBCC % 5 1 {5 £
25 JC CRC 1) HBCC ffi H 2 & Viterbi 55 ¥
(TSVA ,two step Viterbi algorithm) , CRC-HBCC %@ 5
ffiH LVA + CRC #5831 RIS 5 4 B I
Ja B EMRAEME HL (SNR, signal-to-noise ratio ) 521
LR 2R AR 2 (R 76 = SNR T 300 5 44 4 W &
E2 3l

9 i as A, i A CRC ) K425
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