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(57) Sang ché dé cap dén thiét bi truyén tin hiéu va thiét bi thu tin hidu. Thiét bi
truyén tin hi€u nay bao gém: bd ma hod ngoai dugc tao cAu hinh d& ma hod céc bit
d4u vao dé tao ra cdc bit ma hod ngbéi ¢6 céc bit dAu vao va céc bit chin 1¢; bo dém
bit khong dugc tao cAu hinh dé tao nén cdc bit thong tin kiém tra chin 1& mat do thép
(Low Density Parity Check, LDPC) gdm c6 céc bit ma ho4 ngoai va c4c bit khdng; va
bd m3 hod LDPC duoc tao ciu hinh dé ma ho4 céc bit thong tin LDPC, trong d6 cic
bit thong tin LDPC dugc phéan chia ra thanh nhiéu nhém bit, va trong d6 bé dém bit
khong dém céc bit khdng vao it nhat moét sé nhém bit, mdi nhém bit d6 c6 cing mot

s6 lugng bit, dé tao nén cdc bit théng tin LDPC dua vao mau rit gon dinh trudc cho
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bi€t rang mét s6 nhém bit d6 khdéng duge sdp x€p tuan ty trong cdc bit thdong tin
LDPC.
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51735

Linh vuc k§ thuit dwoe dé cap

Séng ché dé cap dén thiét bi truyén tin hiéu va phwong phdp it gon trong thiét
bi truyén tin hiéu, va cu thé hon, sédng ché dé cap dén thiét bi truyén tin hiéu thuc hién
thu tyc rit gon bang cich dém céc bit khéng va phwong phap it gon trong thiét bi
truyén tin hiéu.
Tinh trang k¥ thuit ciia sang ché

Céc dich vu truyén théng phét rong trong xa hoi cong nghé thdng tin & thé ky
thir 21 dang chuyén sang ky nguyén s ho4, phan phdi qua nhiéu kénh, mé rong dai
tn sb va cung cip céc dich vu chét lugng cao. Cu thé, khi mdy thu tin hidu truyén
hinh (Television, TV) k§ thuét sb chat lwong cao va c4c thiét bi thu tin hiéu phat rong
cAm tay dugc sir dung rOng rai, thi nhu clu vé céc dich vu phat rdng k¥ thuéat sb c6 hd

trg nhiéu so d4 thu tin hiéu khc nhau ngay cang ting 1én.

Theo nhu cu d6, cdc nhém tiéu chudn hod da thiét 14p céc tidu chuan truyén
thong phét rong dé cung cép nhiéu dich vu truyén va thu tin hidu khac nhau nhim
thoa man nhu cdu ctia ngudi ding. Tuy nhién, van cin phai c6 phuong phép cung cép
dich vu tét hon cho ngudi diing véi hiéu quéa cao hon nita.

Ban chit ky thuit ciia sing ché

Céc phuong 4n lam vi du thyc hién séng ché c6 thé khic phuc cic nhuoc diém
ctia thiét bi truyén tin hiéu, thiét bi thu tin hiéu va phuong phap dwgc thuc hién trong
céc thibt bi ndy theo cdc giai phdp da biét. Tuy nhién, cic phuong 4n d6 khong nhat
thiét phai khic phuc hodc cé thé khong khic phuc dugc cac nhugc diém néu trén.

Céc phuong 4n 1am vi du thuc hién sdng ché dé xuét thiét bi truyén tin hidu thuc
hién thi tuc rit gon dwa vio mau rit gon dinh truéc va phwong phdp rit gon trong
thiét bi truyén tin hiéu.

Theo mdt khia canh ctia phuong dn lam vi du thuc hién séng ché, séng ché dé
xuét thiét bi truyén tin hiéu c6 thé bao gdm: bd ma hod ngoai dugc tao cau hinh dé

ma hod cac bit dau vao dé tao ra cac bit ma hod ngoai cé cic bit ddu vao va cac bit
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chin 1&; bo dém bit khong dugc tao cAu hinh @ tao nén cdc bit thong tin kiém tra
chén 1¢ mat d6 thAp (Low Density Parity Check, LDPC) gdm c6 céc bit md hod ngoai
va cdc bit khong; va bd ma hod LDPC dugc tao cAu hinh dé m3 ho4 céc bit thdng tin
LDPC, trong d6 cic bit thong tin LDPC dugc phén chia ra thanh nhiéu nhém bit, va
trong d6 b dém bit khong dém céc bit khong vao it nhat mot s6 nhém bit, mdi nhém
bit d6 ¢6 cing mot sb Iwong bit, dé tao nén cac bit thong tin LDPC dya vao mau rit
gon dinh trudc cho biét r%mg mot s& nhém bit d6 khong duoc sép xép tun tu trong

c4c bit thong tin LDPC. MAu rit gon ¢ thé duoc x4c dinh dua vao bang 1.

B6 dém bit khong c6 thé tinh s& lugng Np,q nhom bit ma trong d6 tAt ca cdc bit

du 12 c4c bit khong duge dém vio dya vao biéu thire 2 hogc biéu thic 3.

B dém bit khong c6 thé dém céc bit khong vao tAt ca cdc bit ctia nhém bit thir
,(0), nhém bit thit (1), ..., nhém bit thir ©(Np,e—1) trong s6 céc nhém bit dua vao

bang 1.

B6 dém bit khdng co thé dém thém céc bit khong vao Kigpe — Nouter — 360xNpaq

bit k& tr vi trf bit dau tién ciia nhém bit thir w(Npaa)-

Theo mot khia canh ciia phuong 4n 1am vi du khéc ¢ thuc hién sing ché, sing
ché @ xuét phuong phép rit gon trong thiét bi truyén tin hiéu. Phwong phép nay ¢
thé bao gbém céc budc: ma hod cic bit dAu vao dé tao ra cdc bit ma hod ngoai c6 cic
bit dau vio va cdc bit chin 1é; tao nén cdc bit thong tin LDPC gdm c6 céc bit ma hod
ngoai va cic bit khdng; va ma hod céc bit thong tin LDPC, trong d6 céc bit thong tin
LDPC dugc phan chia ra thanh nhidu nhém bit, va trong d6 budc tao nén céc bit
thong tin LDPC bao gém budc dém céc bit khong vao it nhat mot s6 nhém bit, mdi
nhém bit d6 cé cung mot s6 lwgng bit, dé tao nén c4c bit thong tin LDPC dya vao
mau rit gon dinh trude cho biét ring mot $6 nhém bit @6 khong dugc sap xép tudn tur

trong céc bit thong tin LDPC. M&u rit gon ¢ thé dugc xé4c dinh dya vao bang 1.

3 bude tao nén céc bit thong tin LDPC, s6 luong Np,g nhém bit ma trong d6 tht
ca céac bit déu 12 cac bit khong duwoc dém vao dua vao bidu thirc 3 hodc biu thic 4.

O budc tao nén céc bit thong tin LDPC, cic bit khong c6 thé duge dém vao tht
c4 c4c bit ctia nhém bit thit m,(0), nhém bit thi ny(1), ..., nhém bit thir Ty(Npag—1)
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trong sd cdc nhém bit dya vao bang 1.

3 budc tao nén céc bit thong tin LDPC, céc bit khong cd thé dugc dém thém
va0 Kigpe — Nouter — 360X Npq bit k& tir vi trf bit dAu tién cia nhém bit thir w(Npaa)-

Nhu d3 néu trén, theo cdc phuong dn lam vi du thuc hién sang ché, thu tuc it
gon cé thé dugc thuc hién dua vao mau rit gon dinh trudc dé sép xép céc bit thong
tin LDPC & cdc vi tri cu thé, nhd d6 nang cao hiéu sudt tinh theo ty 18 16i bit (Bit

Error Rate, BER) va ty 1€ 161 khung (Frame Error Rate, FER).

M6 ta van tiat cac hinh vé

Q
O\

¢ khia canh néu trén v/hodc céc khia canh khic ciia cic phuong an lam vi du

Fig.1 12 so d khéi thé hién chu hinh cta thiét bi truyén tin hiéu theo phuong 4n
1am vi du thuc hién sang ché;

Fig.2 1a so dd thé hién thu tuc rdt gon theo phwong 4n lam vi du thyc hién sang
ché;

Fig.3 va Fig.4 1a cac so db thé hién ma tran kiém tra chén 1& theo céc phuong 4n
1am vi du thuc hién sang ché;

Fig.5 1a so dd thé hién ma tran kiém tra chin 1& c6 cAu trdc twa tudn hoan theo
phuong 4n lam vi du thyc hién séng ché;

Fig.6 1a so dd thé hién cAu tric khung theo phuong 4n 1am vi du thyc hién sing
ché;

Fig.7 va Fig.8 1a céc so db khdi thé hién cdu hinh chi tiét cta thiét bi truyén tin
hiéu theo c4c phuong 4n 1am vi du thuc hién sang ché;

Fig.9 dén Fig.22 1a cdc so dd thé hién phuong phdp xir Iy tin hiéu theo cic
phuong 4n 1am vi du thuc hién séng ché;

Fig.23 va Fig.24 12 céc so db khdi thé hién cau hinh cta thiét bi thu tin hiéu theo
phuong 4n 1am vi du thyc hién séng ché;

Fig.25 va Fig.26 1a céc so dd thé hién vi du vé phuong phip két hop céc gid tri

23
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t5 56 hop 1y dang loga (Log-Likelihood Ratio, LLR) cua thiét bi thu tin hi¢u theo cdc
phuong 4n 1am vi du thuc hién sdng ché;
Fig.27 12 so d thé hién vi du vé phwrong phép cung cAp thong tin vé @6 dai cia
thoéng tin bdo hiéu cho tAng L1 theo phuong dn 1am vi du thuc hién sing ché; va
Fig.28 1a luu dd thé hién phuong phdp rdt gon theo phuong 4n lam vi du thuc
hién séng ché.
MG ta chi tiét sang ché
Céc phuong 4n 1am vi du thuc hién sdng ché s& duge mo ta chi tiét dudi day dua

vao c4c hinh vé& kém theo.

Fig.1 14 so d6 khoi thé hién cau hinh cia thiét bi truyén tin hi¢u theo phuong an
1am vi du thuc hién sang ché.
Dua vao Fig.1, thiét bi truyén tin hiéu 100 bao gom bd ma hod ngoai 110, bd

dém bit khong 120 va bd ma hod kiém tra chin 1& mat do thép (LDPC) 130.

B6 mi hoé ngoai 110 ma hod céc bit dau vao dé tao ra céc bit chan 1¢ (hay cac

bit kiém tra chin 18).

Theo sdng ché, céc bit dAu vao c6 thé 1a céc bit thong tin bdo hiéu (goi theo cich
khéc 13 céc bit b4o hiéu hodc thong tin b4o hiéu). Vi du, cdc bit thdng tin nay c6 thé
12 thong tin cAn thiét cho thiét bi thu tin hiéu 200 (nhu dugc thé hién trén Fig.23 hodc
Fig.24) dé thu va xtr Iy dit liéu hodc dix liéu dich vu (vi du dit liéu phat rong) dugc

truyén tir thiét bi truyén tin higu 100.

M3 ho4 ngoai 12 thao tdc ma hod dugc thuc hién trude khi ma hoa trong theo so
dd ma hod ghép ndi, va c6 thé sir dung nhiéu so 5 mi hod khéc nhau nhu so ¢4 ma
ho4 Bose, Chaudhuri, Hocquenghem (BCH) va/hodc so dd ma hod kiém du vong
(Cyclic Redundancy Check, CRC). Trong truong hop nhu vy, thao tic ma hoé trong
c6 thé 12 ma hod LDPC.

Vi duy, bd ma hod ngoai 110 c6 thé thuc hién budc ma hoé ngoai trén K, bit d4u
vao dé tao ra Moyer bit chén 1&, va gén céc bit chin 18 vao cdc bit ddu vao dé xuét ra
cic bit ma hod ngoai gém ¢6 Noyter (= Kig + Mouger) bit. Trong truong hop nhu vy,

_4 -
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céc bit md ho4 ngoai c6 thé c6 c4c bit dAu vao va céc bit chin 1€.

P& cho dB hidu, thao tdc ma hod ngodi s& dugc md ta dudi day véi gia thiét ring
thao tic d6 duoc thuc hién bing ma BCH va phuong phdp ma hod BCH.

Diéu ndy c6 nghia 13, bd md hod BCH 110 thuc hién budc ma hod, tirc 1a ma hoa
BCH, trén céc bit diu vao dé tao ra céc bit kiém tra chin 1¢, tic 1a céc bit kiém tra

chin 1¢ BCH (hay céc bit ch&n 1¢ BCH).

Vi du, bd ma hod BCH 110 ¢6 thé thuc hién mdt céch c6 hé thong buéc ma hod
BCH trén Ky, bit diu vao dé tao ra sb lugng Moue bit kiém tra chan 1¢, tirc la cdc bit
kiém tra chin 16 BCH, va gén céc bit kidm tra chin 16 BCH vao céc bit dau vao dé
xuét ra cdc bit md hod BCH gdm c6 Nyyer (= Kiig + Moueer) bit, tirc 1a cdc bit ma hod
BCH c6 céc bit ddu vao va cdc bit kiém tra chin 16 BCH. Trong trudng hop nhu vay,

Mouter = 168.

B6 dém bit khéng 120 tao nén cic bit thong tin LDPC gdm c6 céc bit mad hod
ngoai (tirc 1a cac bit d4u vio va céc bit chin 1&) va c4c bit khong (tirc 1a cdc bit ¢6 gid
trj 0). Ngoai ra, bd dém bit khong 120 c6 thé xuét ra cac bit thong tin LDPC dé cung
cép cho bd mi hod LDPC 130.

Déi v6i ma LDPC va phuong phap ma hod LDPC, cn phi c6 mot s6 lugng bit
cu thé cia céc bit thong tin LDPC tuy thudc vao ty 1¢ ma va d¢ dai ma. Vi vay, khi sd
Iuong bit ma hod BCH nhé hon s8 lugng bit thdng tin can thiét € ma hod LDPC, thi
b dém bit khong 120 c6 thé dém mdt sb luong thich hop ciia cdc bit khong dé dat
duoc s6 Tuong bit thong tin LDPC can thiét. Vi vy, cdc bit ma hod BCH va céc bit
khong dugc dém vao co thé tao nén cdc bit thong tin LDPC véi s6 lugng ding bang

s lugng bit cAn thiét dé ma hod LDPC.

Vi céc bit khong dugc dém vao 1a cic bit cAn thiét chi nham dat dugc s6 Iwong
bit cu thé d& ma hod LDPC, nén céc bit khong duge dém vao sé duogc ma hoa LDPC,
va sau d6, khong duoc truyén dén thiét bi thu tin higu 200. Nhu véy, thu tuc dém bit
khong hay quy trinh dém bit khong va sau d6 khong truyén c4c bit khong dugc dém
vao dén thiét bi thu tin hiéu 200 c6 thé duoc goi 1a thu tuc rit gon. Trong trudng hop

nhu vdy, cdc bit khong duge dém vao ¢ thé duoc goi 1a céc bit rit gon (hay cic bit

_5.
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duogc rit gon).

Vi du, khi s6 Tugng Noye bit ma hod BCH nhé hon s6 luong Kig bit thong tin
LDPC cin thiét @ ma hoa LDPC, thiét bi truyén tin hiéu 100 c6 thé dém Kigpe — Nouer
bit khong vao mot sb bit thong tin LDPC dé tao ra céc bit thong tin LDPC gbm c6
Kiape bit. Vi vay, Kiape — Nouter bit khong dugce gén va0 Kig + Mouter bit ma ho4 BCH dé
tao ra Kgg + Mouter + Kiape — Nouter bit thong tin LDPC.

Nhim muc dich nay, bd dém bit khong 120 c6 thé phan chia cdc bit thong tin
LDPC ra thanh nhiéu nhém bit.

Cu thé, bd dém bit khong 120 c6 thé phan chia céc bit thong tin LDPC ra thanh
céc nhém bit sao cho s lugng bit 6 trong mdi nhém bit bang 360.

Vi du, b dém bit khong 120 c6 thé phan chia Kigpy bit thong tin LDPC (i, 11, -+,

iKlde_l) ra thanh Ningo_group (= Kiape/360) nhém bit dua vao biéu thirc 1 hoic biéu thirc 2

dudi day:

7, ={i,[360% j<k <360 (j+1)} v6i 0 < j < Ningo_group 2)

i= [3_126J’ O0<k< Klde} v6i 0 < < Ninto_group 1)

Trong bidu thirc 1 va biéu thirc 2 néu trén, Z; 12 nhém bit thi j. Theo sang ché,

| x | 12 s6 nguyén 16n nhit khong 16n hon x.

Fig.2 thé hién vi du trong d6 cic bit thong tin LDPC duogc phén chia ra thanh
nhidu nhém bit theo phwong 4n lam vi du thuc hién sang ché. Tuy nhién, Fig.2 thé
hién céc bit thong tin LDPC va cic bit chin 1& LDPC (tic 1a md LDPC FEC) cung
duoc tao ra béng c4ch thue hién budc ma hod LDPC trén céc bit thong tin LDPC.

Dua vao Fig.2, Kigp bit thong tin LDPC dugc phén chia ra thanh Ninso_group nhom
bit va m&i nhém bit Z; c6 360 bit.

Vi dy, gia su rang s6 lugng Kigp bit thong tin LDPC bang 3240. Trong truong
hop nhu vy, néu céc bit thong tin LDPC dugc phan chia ra thanh nhiéu nhém sao
cho s6 Tugng bit c6 trong mdi nhém bit bang 360, thi cdc bit thong tin LDPC c6 thé

-6 -
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dugc phan chia ra thanh 9 (= 3240/360) nhém bit.

Thu tuc rit gon dugc thuc hién b%mg bd dém bit khong 120 s& dwoc md ta chi
tiét dudi day.

B6 dém bit khong 120 c6 thé tinh s6 luong bit khong dugc dém vao. Diéu nay
c6 nghia 13, d& dat dugc sb luong bit cin thiét dé ma hod LDPC, by dém bit khong
120 c6 thé tinh s6 Iwong bit khong duge dém vao.

Cu thé, bd dém bit khong 120 c6 thé tinh hiéu sb giita s6 lugng bit thong tin
LDPC cin thiét @& ma hod LDPC v s6 lugng bit ma hoa BCH & 14y két qua d6 lam
$6 lugng bit khéng dugc dém vao. Diéu nay c6 nghia 13, khi Noyer (= Kig + Mouter)
nhé hon Kigye, b6 dém bit khong 120 ¢6 thé tinh s lugng bit khong duge dém vao
duéi dang la (Kldpc - Nouter)-

Ngodi ra, bd dém bit khong 120 6 thé tinh s6 lugng Ny, nhém bit ma trong d6

At ca cdc bit ddu 12 cdc bit khong duge dém vao dua vao biéu thirc 3 hoic bicu thic 4

dudi day:
K,,.—N
N — 1dpc outer 3
P 360 J )
Kipe =M -K;
Npad — ( 1dpc outer ) sig ( 4)
i 360

Ngoai ra, by dém bit khong 120 dém cac bit khong vao it nhét mot s6 nhém bit

trong s6 cac nhém bit tao nén céc bit thong tin LDPC, dya vao mau rdt gon.

Cu thé, b dém bit khong 120 ¢6 thé xdc dinh céc nhém bit ma trong d6 c6 céc
bit khong dugc dém vao trong s& cdc nhém bit dwa vio maiu rit gon, va c6 thé dém
céc bit khong vao tat ca céc bit ¢ trong mot s6 nhém bit da xdc dinh va mot sé bit
trong c4c nhém bit con lai. |

Theo sdng ché, mau rit gon c6 thé dugc x4c dinh nhu duoc thé hién trong bang
1 dudi day. Trohg trudng hop nhu vay, bang 1 dudi day thé hién mau rit gon dugc dp
dung cho trudng hop trong d6 b ma hod LDPC 130 thuc hién budc ma hod LDPC
trén 3240 bit théng tin LDPC ¢ ty 1€ ma bing 3/15 @ tao ra 12960 bit chin 1¢ LDPC.

-7 -
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Céc bit tir ma LDPC, ngoai trix cdc bit khdng dugc dém vao trong tr md LDPC,
gdm c6 cdc bit thong tin LDPC va cdc bit chin 1¢ LDPC ¢6 thé duoc truyén dén thiét
bi thu tin hiéu 200. Trong trudng hgp nhu viy, tir ma LDPC @3 it gon (tic 1a céc bit
tir ma LDPC, ngoai trlr céc bit dugc rit gon, cling c6 thé dugc goi 1a tir ma LDPC di
rat gon) co thé dugc didu bién theo so dd diéu bién dich pha vudng géc (Quadrature

Phase Shift Keying, QPSK) s& dugc truyén dén thiét bj thu tin hiéu 200.

Bang 1

75(j) (0 < j < Ninto_group)

Ninto_growp | %(0) | m(1) | m(2) | m3) | m®) | m(5) | m(©) | m(D) | m(®)
1(9) | m(10) | my(11) | m(12) | m(13) | m(14) | ms(15) | m(16) | m(17)
6 1 7 8 0 2 4 3 5

Trong d6, m,(j) 1a thir tyr cia nhém bit thir j theo mau it gon. Ngoai ra, Ninso_group

12 s6 lwong nhém bit tao nén céc bit théng tin LDPC.

Cu thé, bd dém bit khong 120 c6 thé xdc dinh nhém bit ma trong d6 tAt ca céc
bit déu 12 c4c bit khong dugc dém vao dwa vao mau rit gon, va dém céc bit khong
va0 tit ca c4c bit trong nhém bit da xdc dinh.

Piéu nay c6 nghia 13, by dém bit khong 120 c6 thé xdc dinh cdc nhém bit Z, ),
Zeys s Lnnygn 12 c4c nhém bit ma trong d6 tat ca céc bit déu 1a céc bit khong
dugc dém vao dua vao mAu rit gon, va dém céc bit khong vao tAt ca cdc bit clia cdc
nhém bit d3 xac dinh. Diéu ndy c6 nghia 13, b dém bit khong 120 c6 thé dém céc bit
khong vao tAt ca cic bit ctia nhém bit thtt 7,(0), nhém bit thi (1), ..., nhém bit thir
Ts(Npag—1) trong s6 cdc nhém bit dwa vao mau it gon.

Nhu vay, bo dém bit khong 120 ¢ thé xdc dinh Npa¢ nthém bit, tirc 1a cac nhém
bit Z, oys Zaays ++or Lay Ny 2 dua vio miu rit gon, va dém céc bit khdng vao tAt ca
céc bit trong nhém bit dd xdc dinh.

Tuy nhién, vi tong so bit khong duogc dém biang Kigpe — Nouter, V2 80 lugng nhém

_8-
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bit ma trong d6 tAt ca cc bit déu 1a céc bit khong duge dém vao bing Npqg, cho nén
bd dém bit khong 120 c6 thé dém thém Kidpe — Nouter = 360XNpaq bit khong.

Trong trudng hop nhu vay, bd dém bit khdng 120 c6 thé x4c dinh nhém bit ma
trong d6 c6 cdc bit khong dugc dém thém vao dua vao mau rit gon, va cé thé dém
thém céc bit khong k& tir phdn dAu ctia nhém bit da x4c dinh.

Cu thé, bd dém bit khong 213 c6 thé x4c dinh nhém bit Z, ( , 12 nhém bit ma

trong d6 c6 cic bit khong dwoc dém thém vao dua vao mau rit gon, va cé thé dém
thém cdc bit khong vao Kige — Nower — 360xNpeq bit ndm & phan dau ciia nhém bit
Z iy VA VY Kigpe = Nouter = 360xNpaq bit khOng 6 thé dwoc dém vao ké tir bit dau
tién cia nh6ém bit thir 7w(Npag).

Vi vdy, céc bit khong c6 thé duge dém vao chi & mot s bit trong nhom bit

Zns(Npad> , V2 Kigpe — Nouter — 360XNp,q bit khong cé thé dugc dém vao ké tur bit thong tin

LDPC dAu tién ciia nhém bit Z,

pad) ’

Tiép theo, bd dém bit khong 213 c6 thé 4nh xa céc bit ma hod BCH 1én céc vi tri
ma cic bit khong khong dwgc dém vao & d6 trong céc bit thong tin LDPC dé cubi
cling s& tao nén cdc bit thong tin LDPC.

Vi vy, Nouer bit ma hod BCH c6 thé dugc tuan ty 4nh xa 1én cdc vi trf bit ma

céc bit khong ndm & d6 trong s Kigy bit thong tin LDPC (ig, i1, ..., ix, 1)-

Phuong phap dém cdc bit khong s& dugc md ta chi tiét dudi day dwa vao truong
hop trong d6 Kigpe = 3240 V2 Noyer = 568 d€ 1am vi du. Trong truong hop nhu vay,
cé4c bit thong tin LDPC c¢6 thé duoc phan chia ra thanh 9 (= 3240/360) nhom bit.

Truéc hét, bé dém bit khong 120 c6 thé tinh s6 luong bit khdng duge dém vao
céc bit thong tin LDPC. Trong truong hop nhu vay, s6 luogng bit khong dugce dém vao
bang 2672 (= Kigpe — Nouter = 3240 — 568).

3240 — 568J

Ngoai ra, bo dém bit khong 120 c6 thé tinh s6 lugng 7=N,, =L o

nhém bit ma trong d6 tat ca céc bit déu 12 céc bit khong duoc dém vao.

_9-
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Ngoai ra, bd dém bit khdng 120 c6 thé x4c dinh cic nhém bit Zg (= Zns(o)),
7, (= Zy qy )y veny Lo (= Zns(s)) vaZy (= Zns(s)) 12 cac nhém bit ma trong d6 tAt ca cac

bit déu 12 c4c bit khong dugc dém vao dua vao mAu rit gon, va dém céc bit khong

vio tht ca céc bit cia cidc nhém bit Zg (= ZIS(O)), 7, (= Zns(l)), s Ly (= Zy (sy) va
Z4 (= Zns(6))'

Vi vay, tht ca cdc bit trong nhém bit thit s4u, nhém bit thir nhét, ..., nhém bit thi
hai va nhém bit thit tu c6 thé dugc dém bang céc bit khong.

Ngoai ra, b dém bit khong 120 c6 thé x4c dinh nhém bit Z; (= Z. ) la nhém
bit ma trong d6 c6 c4c bit khdng dugc dém thém vao dya vao mau rdt gon, va ¢ thé
dém thém 152 (= Kigpe — Nouer = 360XNpaq = 3240 — 568 — 360x7) bit khong vao phén

du ctia nhém bit Z; (= Zs 1))

Vi vay, céc bit khong ké tir bit thir nhét dén bit thir 152 c6 thé dugc dém vao
nhém bit thi 3.

Nho d6, céc bit khong c6 thé dwoc dém vio tat ca cdc bit thong tin LDPC cua
nhém bit thir sju, nhém bit thi nhét, nhém bit thit bay, nhém bit thir tdm, nhém bit
thir 0, nhém bit th hai va nhém bit thir tw trong s6 chin nhém bit tao nén céc bit
thong tin LDPC, ttc 1a tir nhém bit thir 0 dén nhém bit thir tdm, va céc bit khdng c6
thé dwoc dém thém vao tir bit thong tin LDPC th& nhat dén bit thong tin LDPC thu
152 cta nhém bit thir ba.

Tiép theo, bd dém bit khéng 120 c6 thé tudn ty 4nh xa céc bit ma hod BCH 1én
céc vi trf bit ma c4c bit khong khong duge dém vao ¢ d6 trong céc bit thong tin
LDPC.

Vi du, vi s luong Noye bit md hod BCH bang 568, cho nén khi cdc bit ma hod
BCH 14 sg, s1, ..., Ss¢7, thi bd dém bit khong 120 c6 thé 4nh xa céc bit sg, S1, ..., S207
1én céc bit thong tin LDPC ttr bit thong tin LDPC thir 153 dén bit thong tin LDPC thir
360 ciia nhém bit thit ba va dnh xa c4c bit Syg, S29s - --» Ss67 1€N tAt ca céc bit thong tin

LDPC cta nhém bit thir ndm.

-10 -
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Nhu vdy, bd dém bit khong 120 c6 thé dém céc bit khong vao cdc vi tri thich
hop dé dat duge s6 luong bit cin thiét d8 m3 hod LDPC, nh& d6 cudi cling s& tao nén

céc bit thong tin LDPC d ma hod LDPC.

Vi du néu trén md ta ring cic bit thong tin dugc mi hod ngoai, nhung dé chi la
mdt vi du. Pidu nay c6 nghia I3, c4c bit thong tin c6 thé khong dugc ma hod ngoai, va
thay vi thé, c4c bit thdng tin c6 thé tao nén céc bit thong tin LDPC cung Vi céc bit

khong tuy thudc vao s6 lwong bit thong tin.

Vi du néu trén md ta rang céc bit khong, s& dugc rit gon, duge dém vao, nhung
d6 chi 13 mdt vi du. Didu ndy c6 nghia 13, vi c4c bit khong 1a céc bit c6 gid tri dugc
dinh truéc béi thidt bi truyén tin higu 100 va thiét bi thu tin hi¢u 200 va dugc dém
vao chi @ tao ra céc bit thdng tin LDPC cling v6i c4c bit thong tin chira thong tin cdn
ban duoc truyén dén thiét bi thu tin hiéu 200, cho nén c4c bit c6 gié tri khéc (vidu 1)
dugc dinh trudce béi thiét bi truyén tin hiéu 100 va thiét bi thu tin hi¢u 200 thay cho

céc bit khong c6 thé duge dém vao dé riit gon.

B6 ma hoa LDPC 130 thyc hién budc ma hod, tirc la ma hod LDPC, trén céc bit
thong tin LDPC.

Cu thé, b6 ma hod LDPC 130 ¢6 thé thuc hién mot cdch c6 hé théng budc ma
hod LDPC trén céc bit thong tin LDPC dé tao ra cdc bit chin 1é LDPC, va XuAt ra tir
mi LDPC (hay céc bit ma hoa LDPC) gdm c6 céc bit thong tin LDPC va céc bit chén
16 LDPC. idu ndy ¢6 nghia 13, ma LDPC d& ma hod LDPC 12 ma c6 hé thong, va vi
vay, tt ma LDPC c6 thé gdm c6 céc bit thong tin LDPC truéc khi ma hod LDPC va
céc bit chan 1¢ LDPC dugc tao ra bﬁng cdch ma hoa LDPC.

Vi du, b6 ma hod LDPC 130 ¢6 thé thyuc hién buéc ma hod LDPC trén Kjgp bit
thong tin LDPC i = (i, 11, ..., iKMpc_l) dé tao ra Nigpe_parity Dit chin 18 LDPC (po, P1, -+ s

PNm,-Kmpc—l) va xudt ra tir ma LDPC A = (o, €1, «.., ¢y 1) = (o, 11, «+25 1, 15> PO, P1s

inner

ooy PNy —Kldpc_l) gém €O Ninner (= Kldpc + Nldpc_parity) bit.

Trong trudng hop nhu vy, b ma hod LDPC 130 ¢6 thé thuc hién budc ma hod
LDPC trén cic bit ddu vao (tic 12 céc bit thong tin LDPC) & cic ty 1€ ma khdc nhau
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dé tao ra tir ma LDPC c6 d6 dai dinh truée.

Vi du, bd mad hod LDPC 130 c6 thé thuc hién budc ma hoa LDPC trén 3240 bit
d3u vao & ty 18 ma bing 3/15 dé tao ra tir ma LDPC gom c6 16200 bit. Vi du khéc, bo
m3 hod LDPC 130 c6 thé thuc hién buéc ma hod LDPC trén 6480 bit dau vao o ty 1é
mi bing 6/15 dé tao ra tir md LDPC gdm c6 16200 bit.

Quy trinh thuc hién buéc ma hoa LDPC 1a quy trinh tao ra tir ma LDPC sao cho
thod man hé thirc H-CT =0, va do d6, bd ma hod LDPC 130 c6 thé str dung ma trn
kiém tra chin 1& d& thuc hién budc ma hoa LDPC. Trong d6, H 12 ma tran kiém tra

chén 1é va C 1a tt ma LDPC.

Cau trdc ctia ma tran kiém tra chin 1é theo cdc phuwong 4n lam vi du thuc hién
sdng ché s& dugc mod ta dudi day dua vao céc hinh v& kém theo. Trong ma trdn ki€ém
tra chin 18, cdc phén tir néu khong phai 12 ¢6 gid tri bang 1 thi déu c6 gia tri bang 0.

Vi du, ma tran kiém tra chan 1¢ theo phuwong an 1am vi du thuc hién sang ché c6
thé ¢6 chu tric nhu duge thé hién trén Fig.3.

Dua vao Fig.3, ma trin ki€ém tra ch&n 16 30 c6 thé gom c6 ndm ma trén con A, B,
C, Z va D. Pé md ta clu tric cia ma trn kiém tra chin 1é 30, cau tric cia moi ma

tran con s& dugc md ta dudi day.

Ma tran con A gém c6 K cot va g hang, va ma trén con C gdm c6 K+g cot va
N—K-g hang. Trong d6, K (hodc Kig.) la dd dai cua cic bit théng tin LDPC, va N
(ho#ic Nipner) 12 @0 dai ctia tir ma LDPC.

Ngodi ra, trong cdc ma trén con A va C, chi sb ctia c4c hang c6 chura gid tri 1
trong cot thit 0 ctia nhém ¢t thir i c6 thé dwoc xdc dinh dya vao bang 2 khi do dai
ciia tir ma LDPC bing 16200 va ty 1& ma bing 3/15. Trong d6, sb lugng cot thudc

cling mot nhém cdt c6 thé bang 360.
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Béng 2

8 372 841 4522 5253 7430 8542 9822 10550 11896 11988
80 255 667 1511 3549 5239 5422 5497 7157 7854 11267
257 406 792 2916 3072 3214 3638 4090 8175 8892 9003

80 150 346 1883 6838 7818 9482 10366 10514 11468 12341
32 100 978 3493 6751 7787 8496 10170 10318 10451 12561
504 803 856 2048 6775 7631 8110 8221 8371 9443 10990
152 283 696 1164 4514 4649 7260 7370 11925 11986 12092
127 1034 1044 1842 3184 3397 5931 7577 11898 12339 12689
107 513 979 3934 4374 4658 7286 7809 8830 10804 10893
2045 2499 7197 8887 9420 9922 10132 10540 10816 11876
2932 6241 7136 7835 8541 9403 9817 11679 12377 12810

2211 2288 3937 4310 5952 6597 9692 10445 11064 11272

Vi trf (goi theo céch khac 12 “chi s6” hodic “gid tri chi s6”) cia céc hang c6 chita
gi4 tri 1 trong céc ma trdn con A va C s& duogc md ta chi tiét dudi day, vi du, dua vao
bang 2.

Khi d6 dai ctua tit ma LDPC bang 16200 va ty 16 ma bang 3/15, thi cdc thong 56
mi hod My, My, Q; va Q, dwa trén ma trn kiém tra chan 1¢ 200 14n luot bang 1080,
11880, 3 va 33.

Trong d6, Q; 12 khoang cich dich chuyén tuan hoan cia céc cot thudc cuing mot
nhém cot trong ma tran con A, va Q, 1a khoang cach dich chuyén tudn hoan cua cic
cdt thudc cling mot nhém cdt trong ma trdn con C.

Ngoai ra, Q; =M/L, Q; =ML, M, =g, M=N-K-g, vaL la khoang 1dp lai
ctia miu cot trong cdc ma trdn con A va C tuong ung, tic 1a s6 lwong cot (vi du 360
cot) thudc cing mdt nhém cat.

Chi s ctia cdc hang c6 chira gid tri 1 trong cdc ma trén con A va C tuong ung,
c6 thé duogc xé4c dinh dua vao gid tri M.

Vi du, trong bang 2 néu trén, vi M; = 1080, nén vi trf cua céc hang c6 chira gia
tri 1 trong cdt thit 0 ciia nhém cot thit i trong ma tran con A c6 thé duoc x4c dinh dya

vao cdc gié tri nhé hon 1080 trong s6 cic gid tri chi s6 trong bang 2 néu trén, va vi tri
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ctia c4c hang c6 chira gid tri 1 trong cdt thit 0 cla nhém cdt thit i trong ma trén con C
cé thé duoc x4c dinh dua vao céc gid tri bang hodc 16n hon 1080 trong sb céc gi4 tri

chi so trong bang 2 néu trén.

Cu thé, day twong tmg v6i nhém cot thir 0 trong bang 1 néu trén 1a “8 372 841
4522 5253 7430 8542 9822 10550 11896 11988”. Vi vdy, trong ct thi 0 ciia nhém
cot thit 0 trong ma tran con A, gid tri 1 ¢6 thé 1an lwot ndm ¢ hang thit t4m, hang thi
372 va hang thir 841, va trong ¢4t thir 0 cita nhém cft thir 0 trong ma trdn con C, gid
tri 1 ¢6 thé 1an luot nim & hang thit 4522, hang thir 5253, hang thir 7430, hang thit
8542, hang thir 9822, hang thtt 10550, hang thir 11896 va hang thir 11988.

Trong ma tran con A, khi d4 xé4c dinh dugc vi tri cuia gid tri 1 trong cot thir 0 cua
m3i nhém cot, thi ¢6 thé cho vi tri d6 dich chuyén tudn hoan véi khoang cich Q dé
x4c dinh duoc vi trf ctia cdc hang c6 chira gia tri 1 trong cic cOt khac cua mdi nhém
cot, va trong ma tran con C, khi da x4c dinh duoc vi trf cta gid tri 1 trong cot thir 0
ctia mdi nhém cdt, thi cé thé cho vi trf d6 dich chuyén tuan hoan véi khoang céch Q,
dé x4c dinh duoc vi tri clia cdc hang c6 chira gid tri 1 trong céc cOt khac cua mbi

nhém cot.

Trong vi du néu trén, trong cot thir 0 cia nhom cot thir 0 trong ma trén con A,
gid tri 1 ndm & hang thir tdm, hang thir 372 va hang thir 841. Trong truong hop nhu
vay, vi Q; = 3, nén chi sb cua céc hang c6 chira gid tri 1 trong cot thtr nhit caa nhém
oot thit 0 c6 thé 12 11 (= 8+3), 375 (= 37243) va 844 (= 841+3), va chi s0 ciia cdc
hang c6 chira gid tri 1 trong cOt thr hai cua nhém cot thir 0 cé thé 1a 14 (= 11+3),

378 (= 375+3) va 847 (= 844+3).

Trong cot thit 0 ciia nhém cdt thir 0 trong ma trén con C,gidtri 1 ndm & hang
thtr 4522, hang thir 5253, hang thir 7430, hang thtt 8542, hang thlr 0822, hang thlr
10550, hang thir 11896 va hang thir 11988. Trong truong hop nhu vay, vi Q, =33,
nén chi sb ctia cic hang c6 chira gié tri 1 trong cot thir nhat ciia nhém cot thir 0 ¢6 thé
1a 4555 (= 4522+33), 5286 (= 5253+33), 7463 (= 7430+33), 8575 (= 8542+33),
9855 (= 9822+33), 10583 (= 10550+33), 11929 (= 11896+33) va

12021 (= 11988+33), va chi sb ciia cdc hang c6 chira gié tri 1 trong cot thir hai cua
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nhém cot tht 0 c6 thé 1 4588 (= 4555+33), 5319 (= 5286+33), 7496 (= 7463+33),
8608 (= 8575+33), 9888 (= 9855+33), 10616 (= 10583+33), 11962 (= 11929+33) va
12054 (= 12021+33).

Theo so dd nay, ¢ thé xdc dinh dugce vi trf cia cdc hang c6 chira gié tri 1 trong
tAt ca cdc nhém cot trong cac ma trén con A va C.

Ma trin con B 13 ma trin hai dudng chéo, ma trén con D 12 ma trdn don vi, va

ma trin con Z 12 ma trdn khong.
Do d6, cau trdc cia ma tran kiém tra chin 1¢ 30 nhu duogc thé hién trén Fig.3 co
thé duoc x4c dinh dwa vao cdc ma trdn con A, B, C,DvaZ ¢ cau tric néu trén.

5 ho4 LDPC, bing b mi hoa LDPC 130, dua trén

A i (3 / Aaal
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ma trin kiém tra chén 1¢ 30 nhu dugc thé hién trén Fig.3 s& dugc md ta dudi day.

M3 LDPC c6 thé duoc sit dung d& ma hod khdi thong tin S = (So, S1, -+ Sk-1)-
Trong trudng hop nhu vdy, dé tao ra tr md LDPC A= (Ao, M, ..., Ano) €6 d0 dai
N = K+ M+ M,, thi cdc khéi chin 1& P = (Do, D1y --+» Pyom,) fr khi thong tin S ¢6

thé dugc ma hod c6 hé thdng.
Vi vay, tir ma LDPC c6 thé 12 A = (S, S1, -++» Sk-1> Do Pl +-+» Pyyenty1)-
Trong d6, M; va M, 1an luot 12 kich thudce ciia cdc ma trén con chin 1& twong

g v6i ma tran con hai dudng chéo B va ma trdn con don vi D, trong 46 M; = g va

M, = N-K—g.

Quy trinh tinh c4c bit chin 1¢ ¢6 thé dugc trinh bay dudi day. Dé cho d& hiéu,
mdt vi du vé trudng hop trong d6 ma tran kidm tra chin 1é 30 duoc x4c dinh nhu thé
hién trong bang 2 néu trén s& duoc md ta dudi day.

Bude 1) Thiét 1ap gid tri ban dAu cho A; bing s; i =0, 1, ..., K-1) va thiét 14p gi
tri ban d4u cho p; bang 0 =0, 1, ..., Mj+M,-1).

Budc 2) Cong bit thong tin thir nhét A, vao dia chi chura bit chén 1& dugc xac
dinh & hang thir nhét trong bédng 2 néu trén.

Budc 3) Vi L-1 bit thong tin ké tiép Ay (m =1, 2, ..., L-1), cong bit thong tin
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A Va0 dia chi chira bit chén 1& dwoc tinh dya vao biéu thirc 5 dudi day:
(x+mxQ;) mod M, (néu x < M;)
M;+{(x=M;+mxQ,) mod M, } (néu x > M;) (5)

Trong biéu thir 5 néu trén, x 1a dia chi clia ving chira bit chin 1& tuong ing voi
bit théng tin thir nhét Ao

Ngoai ra, Q; = My/L va Q, = Mu/L. Trong trudng hop nhu vay, vi d6 dai cua tur
mi LDPC bang 16200 va ty 1é ma bang 3/15, nén M; = 1080, M, = 11880, Q; =3,
Q, =33, L =360.

Budc 4) Vi dia chi chira bit chin 1& & hang thir hai trong bang 1 néu trén duoc st
dung cho bit thong tin thir L Ay, giéng nhwr so dd néu trén, nén tinh dia chi chira bit
chin 1& cho L—1 bit thong tin k& tiép A, (m =L+1, L+2, ..., 2L-1) theo so dd duoc
mb ta & bude 3) néu trén. Trong trudng hop nhu véy, x 1a dia chi cua ving chira bit
chén 1¢ twong Gmg véi bit thong tin Ay va gid tri clia né c6 thé l4y tir hang thtr hai
trong bang 2 néu trén.

Budc 5) V6i L bit thong tin moi trong mdi nhém bit, 14y c4c hang mdi trong
bang 2 néu trén dé 1am dia chi cna ving chtra bit chén 18, va tir d6, thuc hién lap lai
quy trinh néu trén.

Budc 6) Sau khi thuc hién l3p lai quy trinh néu trén véi cdc bit tir ma tir Ao dén
A1, 1An Tuot tinh c4c gié tri trong biéu thirc 6 duéi day bat dau tiri = 1:

p,=p,®p, (i=1,2,...,M-1) 6)

Budc 7) Tinh cic bit chin 18 tir Ag dén A, tONE UNg Vv6i ma trdn con hai
duong chéo B dua vao biéu thirc 7 duéi day:

A (0<s<L,0=<t<Qy )

K+LxXt+s lest

Budc 8) Tinh dia chi ctia ving chira bit chdn 1é cho L bit tir md méi tir Ax dén

A ctia mai nhém bit dwa vao hang méi trong bang 2 néu trén va bicu thirc 5 néu

K+M, -1

trén.
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Budc 9) Sau khi d3 tinh dia chi cho céc bit tir ma tir Ag dén Mgom,-1 » LND CAC Dit
chin 1& tir Ay, dén Ay ., twong Gng v6i ma tran con D dua vao biéu thirc 8
duéi day:

(0<s<L,0<t<Qy) (8)

7\‘K+M1+th+s = pM1+Q2><s+l
Nho d6, c6 thé tinh dwogc cdc bit chin 1& theo so d6 néu trén. Tuy nhién, d6 chi
1a mot vi du, va vi vay, so d6 dé tinh cdc bit chan 1¢ dua trén ma tran kiém tra chan 1&

nhu duoc thé hién trén Fig.3 c6 thé dugc xé4c dinh theo nhiéu céch khéc nhau.

Nhu vay, bd ma hod LDPC 130 ¢6 thé thuc hién buéc ma hod LDPC dwa vao
bang 2 néu trén dé tao ra tt ma LDPC.

Cu thé, b6 ma hoa LDPC 130 c6 thé thuc hién budc ma hod LDPC trén 3240 bit
dAu vao, tirc 12 c4c bit thong tin LDPC, & ty 18 ma bang 3/15 dwa vao bang 2 néu trén
d tao ra 12960 bit chin 16 LDPC, va xuét ra cdc bit chén 1¢ LDPC va tir ma LDPC ¢6
cac bit chin 1¢ LDPC d6. Trong trudng hgp nhu vy, tir md LDPC c6 thé gém c6
16200 bit.

Vi du khac, ma tran kiém tra chin 1¢ theo phuong dn lam vi du thuc hién sdng
ché c6 thé c6 ciu tric nhu dugc thé hién trén Fig4.

Dua vao Fig.4, ma trn kidm tra ch&n 1¢ 40 gdm c6 ma trn con thong tin 41 la
ma trin con twong Ung véi cic bit thong tin (tic 1a cic bit thong tin LDPC), va ma
tran con chin 1& 42 12 ma trdn con twong g véi céc bit chin 18 (tirc 1a cdc bit chan 1¢

LDPC).

Ma tran con thong tin 41 c6 K cOt va ma tran con chin 18 42 c6
Nidpe_parity = Ninner — Kiape cOt. Sé lugng hang clia ma trin kiém tra chin 18 40 béng $b
lwgng Nigpe parity = Ninner — Kiape cOt cia ma trin con chin 18 42.

Ngoai ra, trong ma trdn kiém tra chin 1& 40, N 12 @0 dai cta tr ma LDPC,
Kiape 12 d0 dai ctia cdc bit thong tin, VA Nigpe_parity = Ninner — Kiape 12 d0 dai cua céc bit
chin 18.

Chu trdc ctia ma tran con théng tin 41 va ma trdn con chan 1¢ 42 s& dugc md ta
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dudi day.

Ma tran con thong tin 41 12 ma trAn ¢6 Kigpe cOt (tirc 1a tir cOt thir O dén cot thi
(Kigpe—1)) V2 tudin thit cdc quy thc sau day:

Thtt nhét, Kigpe cOt tao nén ma tran con thong tin 41 dwgc phan ra ct M cot thi
dua vao cting mot nhém va dugc phan chia ra thanh téng s6 Kigps/M nhém cot. Cac
cot thudc cing mot nhém cot co mbi quan hé sao cho cdt nay so v&i cot kia cé
khoang cach dich chuyén tudn hoan béng Qudpe- Diéu nay cé nghia 13, Qg €6 thé
dugc coi 1a gid tri thong s6 khoang c4ch dich chuyén tudn hoan d6i véi céc cot trong
mot nhém cdt cia ma tran con thdng tin tao nén ma trén kiém tra chan 1¢ 40.

Trong d6, M 1a khoang 1dp lai cia mau cot trong ma tran con thong tin 41 (vi du
M = 360), va Qup 12 khodng céch dich chuyén tuin hoan ctia mdi cot trong ma trin
con thong tin 41. M 1a uéc ) chung ctia Nipper V2 Kigpe, va duroc xdc dinh sao cho thoa
man hé thitc Qigpc = (Ninner — Kiape)/M. Trong d6, M va Qugpe 12 céc s6 nguyén, va
Kigp/M ciing 12 s nguyén. M va Qigpe c6 thé c6 céc gid tri khdc nhau tuy theo d6 dai
cua tir mad LDPC va ty 1€ ma.

Vi du, khi M = 360, @0 dai Njy, cua tir ma LDPC bang 16200, va ty 1& ma bing
6/15, thi Qe c6 thé bang 27.

Thtt hai, néu bac (trong d6, bac 1a sd lwong gid tri 1 ¢6 mat trong cdt va tht ca
céc cOt thudc cuing mdt nhém cot déu c6 cing mdt bac) cua cot thir 0 trong nhém cot
thri i=0, 1, ..., Kigp/M-1) dugc goi 1a D;, va vi tri (hodc chi s6) ctia mdi hang c6
chita gié tri 1 trong cot thit O ciia nhém cot thir i dwoc goi 12 R{Y,R{g, RO, thi
chi s6 Ri(? clia hang c6 chira gid trj 1 tht k trong c6t thit j cia nhém cot thir i dugc
xé4c dinh theo biéu thirc 9 dudi day:

Rflj) = Ri(,la—l) + Qldpc mOd (N‘umer - I<ldpc) (9)

Trong bidu thirc 9 néu trén, k=0, 1,2, ...,Di-1;i=0, 1, ..., Kigs/M-1; vaj=1,
2, ..., M-1.

Ngoai ra, bidu thirc 9 néu trén c6 thé dugc bicu dién dudi dang biéu thic 10
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dudi day:
k k :
RY =R +(jmod M) X Q,c) m0od (Nipper = Kigpe) (10)

Trong bidu thic 10 néu trén, k=0, 1, 2, ..., D~1;i=0, 1, ..., Kigp —1; va
j=1,2, ..., M-1. Trong biéu thirc 6 néu trén, vij=1, 2, ..., M—1, nén (j mod M) cé
thé duoc coi 12 bang j.

Trong cdc bidu thirc néu trén, RY) 1a chi s6 clia hang c6 chira gid tri 1 thi k
trong cOt thit j ctia nhém cdt thlt i, Nipger 12 d6 dai ctia tir ma LDPC, Kjgpc 12 d0 dai cla
cdc bit thdng tin, D; 1 bic cua céc cot thuoc nhém cot thir i, M 1a ) Iwrgng cdt thudc
mot nhém cot, va Qiqp 12 khoang céch dich chuyén tudn hoan ctia mdi cot trong nhém
cOt.

Tir d6, dua vao céc biéu thic néu trén, néu biét gid tri R, thi c6 thé tim duoc
chi s6 R® cia hang c6 chira gid tri 1 thir k trong cot thi j ciia nhém cot thiri. Vi viy,
khi &3 Tuu trit gid tri chi s6 ciia hing c6 chura gid tri 1 thi k trong cot thir 0 ctia mbi
nhém cot, thi c6 thé biét dugc vi trf ctia cdt va hang c6 chira gid tri 1 trong ma tran
kiém tra chin 1& 40 (tic 12 ma trin con thong tin 41 clia ma tran kiém tra chan 18 40)
véi cu tric duoc thé hién trén Fig.4.

Theo céc quy tAc néu trén, tt ca cic bac clia cac cOt thudc nhém cot thir 1 déu 1a
D;. Vi vay, theo cac quy thc néu trén, ma LDPC d lwu trit thong tin vé& ma trén kiém
tra chin 1& ¢6 thé dugc bidu didn ngin gon nhu sau.

Vi du, khi Niper bing 30, Kige bing 15, va Qi bang 3, thi thong tin vi trf cla
hang c6 chira gid tri 1 trong cdt thit O ciia cdc nhom c6 ba cot ¢§ th duoc biéu dién
bang diy trong biéu thirc 11 duéi day, ddy nay c6 thé duoc goi 1a ‘ddy vi trf cla gid
tri 1. |

O 2) _ 3) 4) _
RY =1,RY =2,R{) =8,R{{ =10,
RY) =0,RY) =9,RE) =13, (11)

R{} =0,R5}; =14.
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Trong biéu thitc 11 néu trén, Ri(f}) 13 chi s6 ctia hang c6 chira gid tri 1 thit k trong
cot thir j ctia nhém cot thir i
Déy vi trf clia gié tri 1 theo biéu thirc 11 néu trén thé hién chi sb cia hang c6

chita gi4 tri 1 trong cot thit 0 ctia mdi nhém ct c6 the duge biéu di®n ngan gon trong

bang 3 dudi day:
Bang 3
12810
0913
014

(

Béng 3 néu trén thé hién vi trf clia cdc phan tir c6 gia tri 1 trong ma trén ki€m tra
chén 1&, va day vi trf clia gié tri 1 thir i duge biéu dicn bang chi s0 cha cac hang co
chtra gi4 tri 1 trong c6t thir 0 cia nhém cot thir 1.

Ma tran con thong tin 41 clia ma tran kiém tra chan 1¢ theo phuong 4n lam vi du
thuc hién sdng ché da mo ta trén day c6 the duge xac dinh dua vao bang 4 dudi day.

Theo sdng ché, bang 4 dudi ddy thé hién chi sO cua cac hang c6 chira gid tri 1
trong cdt thit 0 ciia nhém cdt thir 1 trong ma trdn con thong tin 41. Piéu nay c6 nghia
13, ma tran con thong tin 41 c¢6 nhiéu nhém cot, mdi nhém cdt cé M cdt, va vi tri cua
cdc gid tri 1 & cot thir O ctia moi nhom cdt trong s céc nhém cot nay c6 thé dugce xéc

dinh nhu dugc thé hién trong bang 4 dudi day.

Vi du, khi d6 dai Nymer cia tir ma LDPC bang 16200, ty 1¢ ma bang 6/15, vaM
bing 360, thi chi sb cila cdc hang c6 chira gid trj 1 trong cOt thit 0 ciia nhém cot thir i

trong ma trn con thong tin 41 duoc thé hién trong bang 4 dudi day.
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Bang 4

27 430 519 828 1897 1943 2513 2600 2640 3310 3415 4266 5044 5100 5328 5483
5928 6204 6392 6416 6602 7019 7415 7623 8112 8485 8724 8994 9445 9667

27 174 188 631 1172 1427 1779 2217 2270 2601 2813 3196 3582 3895 3908 3948
4463 4955 5120 5809 5988 6478 6604 7096 7673 7735 7795 8925 9613 9670

27370 617 852 910 1030 1326 1521 1606 2118 2248 2909 3214 3413 3623 3742
3752 4317 4694 5300 5687 6039 6100 6232 6491 6621 6860 7304 8542 8634

990 1753 7635 8540
933 1415 5666 8745
27 6567 8707 9216
2341 8692 9580 9615
260 1092 5839 6080
352 3750 4847 7726
4610 6580 9506 9597
25122974 4814 9348
1461 4021 5060 7009
1796 2883 5553 8306
1249 5422 7057

3965 6968 9422

1498 2931 5092

27 1090 6215

26 4232 6354

Theo phuong 4n lam vi du khac dé thuc hién sdng ché, ma tran kiém tra chin 1&
trong d6 cé thay bi thir tu ctia céc chi sb trong mdi ddy twong Gmg voi mdi nhém cot
trong bang 4 néu trén ciing dugc coi 12 ma trén kiém tra chin 1é cho ma LDPC giéng

nhu ma tran kiém tra chan 1& néu trén.

Theo phuong 4n lam vi du khéc nita dé thuc hién sdng ché, ma tran kiém tra
chin 1¢ trong d6 c6 thay d6i thtt tw sip xép clia cdc ddy twong tmg v6i céc nhom cot
trong bang 4 néu trén cfing dugc coi 1a ma trén kidm tra chin 1¢ gidng nhu ma trin
kiém tra chin 1 néu trén 12 vi cdc ma tran ndy c6 cdc dac trung dai b6 nhu dic trung

tuAn hoan va so @ phan bd bac giong nhau trén d6 thi cila ma.

Theo phuong 4n lam vi du khéc nita dé thuc hién sdng ché, ma trdn kiém tra

chn 1¢ trong d6 mot boi sd ciia Quape duge cong vao tat ca cac chi sO ctia ddy twong
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{mg voéi nhém cot trong bang 4 néu trén cling duoc coi 12 ma tran kiém tra chin 1&
giéng nhw ma trin kidm tra chin 1é néu trén 1a vi cdc ma trin nay co cac ddc trung
tudn hoan va so dd phén b bac gidng nhau trén dd thi ciia ma. Trong do, can luu ¥
rang néu gid tri thu dugc sau khi cong boi sb cua Quape Va0 diy cho trude bﬁng hoac
16 hon Niner — Kigpe, thi cAn phai thay thé gid tri d6 bang gid tri thu dugc sau khi 14y
gi4 tri d6 dé thyc hién phép todn mdduld dbi v6i Nipper — Kigpe V2 sau d6 méi duoc
dung.

Khi d3 xdc dinh dugc vi trf ciia cdc hang c6 chira gid tri 1 trong cot thir 0 cua
nhém cot thit i trong ma trin con thong tin 41 nhu dugc thé hién trong bang 4 néu
trén, thi c6 thé cho vi trf d6 dich chuyén tudn hoan v6i khoang céch Quge, va do do,
c6 thé xdc dinh dugc vi tri clia cdc hang c6 chira gid tri 1 trong c4c cot khic ciia mbi

nhém cOt.

Vi duy, nhu duoc thé hién trong bang 4 néu trén, vi diy twong Ung vdi cot thit 0
ctia nhém cdt thit 0 trong ma trin con thong tin 31 1a “27 430 519 828 1897 1943
2513 2600 2640 3310 3415 4266 5044 5100 5328 5483 5928 6204 6392 6416 6602
7019 7415 7623 8112 8485 8724 8994 9445 96677, nén trong cit thit 0 ciia nhom cot
tht 0 trong ma tran con thong tin 31, gid tri 1 nam & hang thir 27, hang thi 430, hang
tha 519, .... |

Trong trudng hop nhu  vdy, Vi Qugpe= Ninner = Kigpe)M = (16200—
6480)/360 = 27, nén chi s6 ctia cdc hang c6 chira gid tri 1 trong ot thir nhit ciia nhém
cot thit 0 ¢6 thé 1a 54 (= 27+27), 457 (= 430+27), 546 (= 519+27), ..., 81 (= 54+27),
484 (= 457+27), 573 (= 546+27), ....

Theo so dd néu trén, c6 thé x4c dinh dwogc chi s6 cta cdc hang c6 chura gid tri 1

trong tat ca cdc hang cia moi nhém cot.

Quy trinh thyc hién buéc ma hod LDPC dua trén ma tran kiém tra chén 1& 40

nhu dugc thé hién trén Fig.4 s& duoc mo ta dudi déy.
Trudce hét, goi c4c bit thong tin can ma hod 1a g, 11, -.» iKmpc_l, va goi céc bit ma

duoc xuat ra sau khi ma hod LDPC 1a ¢, ¢1, ..., Cx 1

_2) -
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Hon nita, vi ma LDPC 1a ma cé hé théng, cho nén véi k (0 <k < Kjgpe—1), cx

duoc dit bang iy. Céc bit ma con lai dwoc dat bang p, = Chkye -

Quy trinh tinh c4c bit chin 18 py s& dwgc mo ta dudi day.

Duéi day, q(i,j,0) 12 muc thit j ciia hang thir i trong danh sach chi s6 nhu & trong
bang 3 néu trén, va q(i,j,1) dwoc dat b%mg q@,j,)) = q(1,§,0) + Quapex! mod (Ninner — Kigpe)
véi 0 <i<360. TAt ca céc phép cong c6 thé dwoc thuc hién bing cdch cong trong
truong Galois (Galois field, GF) (2). Ngoai ra, trong bang 4 néu trén, vi do dai cua tu

mi LDPC bang 16200 va ty 16 ma bang 6/15, nén Qigpc bang 27.

Khi di x4c dinh duoc q(i,j,0) va q(i,j,1) nhu néu trén, quy trinh tinh bit chin 1é

* A
duoc thuc hién nhw sau.

Buéc 1) Thiét 1ap gié tri ban dAu cho céc bit chin 1¢ bang ‘0. Diéu nay c6 nghia
1a, Px = 0vé6i0 <k < Ninner — Kldpc-
Budc 2) Véi moi k ¢6 gid tri 0 <k < Kigpe, i v2 1 dugc dat bang i=|k/360] va

1 := k mod 360. Trong d6, | x | 1a s6 nguyén 16n nhit khong 16n hon x.

Tiép theo, v&i moi i, cOng ix va0 pgazn. Nghia 13, tinh pygon = Pqdon + Ik,
P, = Pa.L) + 1k Paa.2d) = Paa2n + I, ++vs PgwG)-11) = PaGwi-1) + ix.

Trong d6, w(i) 12 s6 luong gid tri (phin tir) clia hang thi i trong danh séch chi sb
nhu & trong bang 4 néu trén va la sd luong gi4 tri 1 trong cdt twong ung véi iy trong
ma trin kiém tra chin 1é. Ngoai ra, trong bang 4 néu trén, q(i,j,0) 1a muc thr j cia
hang thir i, la chi sb ctia bit chin 18 va 1 vi trf clia cdc hang ¢6 chira gid tri 1 trong cot
twong tng vai iy trong ma tran kiém tra chan 1é.

Cu thé, trong bang 4 néu trén, q(i,j,0) 12 muc thw j cia hang thit i, 1a vi trf cia
cdc hang c6 chira gid tri 1 trong cdt thir nhét (tic 12 cot 0) ciia nhém cdt thir 1 trong

ma tran kiém tra chan 1é cia ma LDPC.

q(i,j,0) cling c6 thé duoc coi 1a chi sb caa bit chin 1é duoc tao ra bang cich mi
hod LDPC theo phuong phdp cho phép thiét bi thuc té 4p dung so dd dé cong i, vao

Pqaijn VO1 moi i, va cling c6 thé dugc coi 12 chi s0 & dang khéc khi dp dung so d6 ma
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hod khac. Tuy nhién, d6 chi 12 mot vi du, va vi vdy, 15 rang 1a dé thu dwoc két qua
twong duong vé6i két qua ma hoa LDPC c6 thé thu duoc tir ma tran kiém tra chin 1&
ctia mi LDPC vé co ban dugc tao ra dwa vio céc gid tri q(i,j,0) trong bang 4 néu trén

thi c6 thé 4p dung so d6 ma hod bét ky.

Budc 3) Tinh bit chiin 16 py bing cach tinh py =py + pi1 V6i moi k thoa mén diéu

klén O0<k< Ninner - Kldpc-

Do d6, c6 thé thu dugc tat cd cdc bit ma co, Ci, --., Cy,, -

Nho d6, c6 thé tinh duoc céc bit chan 1é theo so d0 néu trén. Tuy nhién, doé chi
12 mdt vi du, va vi vy, so do dé tinh céc bit chin 1é dua trén ma trin kiém tra chan 1é

. N
h rén Fig.4 c6 th

A
1N
11ivwiL

dugc xéc dinh theo nhiéu cich khic nhau.

$ 39 % a 222220 L1l Ai1d

D>
e
3

O
>

hu duoc th

=3

Nhu vay, bé ma hod LDPC 110 c6 thé thuc hién budc ma hoa LDPC dua vao

bang 4 néu trén dé tao ra tir ma LDPC.

Cu thé, bd ma hod LDPC 130 c6 thé thuc hién budc ma hod LDPC trén 6480 bit
dau vao, tirc 1 c4c bit thong tin LDPC, & ty 1& ma bang 6/15 dwa vao bang 3 néu trén
8 tao ra 9720 bit chin 1¢ LDPC va xuét ra c4c bit chin 1¢ LDPC va tir ma LDPC c6
céc bit chin 1&6 LDPC d6. Trong truong hop nhu vy, tir ma LDPC c6 thé gdm c6
16200 bit.

Nhu da néu trén, bd ma hoa LDPC 130 c6 thé ma ho4 cdc bit thong tin LDPC ¢
cac ty 1€ ma khac nhau dé tao ra tir ma LDPC.

Theo sdng ché, khi bo dém bit khong 120 d&m c4c bit khong dua vao bang 1 néu
trén, b6 ma hoa LDPC 130 c6 thé thuc hién budc mi hod LDPC trén cic bit thdng tin
LDPC trong d6 cac bit khong dugc dém vao & ty 1€ ma bang 3/15. Trong trudng hop
nhu vdy, céc bit thong tin LDPC c6 thd gdm c6 3240 bit va céc bit chin 1é LDPC
dugce tao ra bing cdch ma hod LDPC c6 thé gdm c6 12960 bit.

Thiét bi truyén tin hiéu 100 c6 thé truyén tir md LDPC dén thiét bi thu tin hiéu
200.

Cu thé, thiét bi truyén tin hiéu 100 c6 thé 4nh xa céc bit tir md LDPC da riit gon
1én c4c ky hiéu chom diém theo so @b didu bién QPSK, 4nh xa cdc ky hiéu nay lén

Y
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mot khung @8 truyén dén thiét bi thu tin hiéu 200.

Vi cdc bit thong tin 1a céc bit thong tin bo hiéu chira thong tin béo hi€u vé dit
lidu, cho nén thiét bi truyén tin hiéu 100 c6 thé 4nh xa dit liéu 1én khung cing voi
thong tin bdo hidu dé xr 1y dit liéu va truyén dit ligu da duoc 4nh xa dén thiét bi thu
tin hiéu 200.

Cu thé, thiét bi truyén tin hidu 100 c6 thé xir 1y dt lidu theo so do dinh truée dé
tao ra cac ky hiéu chom diém va 4nh xa cé4c ky hiéu chom diém @3 tao ra Ién cdc ky
hiéu dit lidu cia m&i khung. Ngoai ra, thiét b truyén tin hidu 100 c6 thé nh xa thong
tin béo hidu, lién quan dén di liéu dugc 4nh xa 1én mdi khung, vao phin mé dau cia
khung twong tmg. Vi dy, thiét bi truyén tin hidu 100 c6 thé dnh xa thdng tin bdo hi¢u

lién quan dén dit lidu dugc dnh xa 1én khung thtt i vao trong khung thir 1.

Do d6, thiét bi thu tin hidu 200 c6 thé st dung thong tin bdo higu thu duoc tir

khung @& thu nhan va xtr 1y dit liéu tir khung twong Gng.

Quy trinh tao ra mAu rdt gon dé dém céc bit khong s& dugc mo ta dudi day dé
lam vi du.

Cu thé, khi bé mi hod LDPC 130 ma hod 3240 bit thdng tin & ty 1€ ma bang
3/15 dé tao ra 12960 bit chin 16 LDPC va tir ma LDPC dugc tao ra bang cdch ma hod
LDPC dugc didu bién theo so dd didu bién QPSK va sau d6 dugc truyén dén thiét bi
thu tin hiéu 200, quy trinh tao ra miu rit gon dé dém céc bit khong duoc thuc hién

nhu sau.

Ma trn kiém tra chn 1& (vi du Fig.4) ctia ma LDPC c6 ty 1& ma bing 3/15 c6
thé duogc bién d6i thanh ma tran kiém tra chin 1& c6 cAu trdc tua tudn hoan dugc tao
bdi cdc khdi c6 kich thudc bing 360x360 (tic 1a kich thuéc bing MxM) nhu duge
thé hién trén Fig.5 bang céch thuc hién quy trinh hodn vi thich hop. Theo sing ché,
quy trinh hoén vi hang khong lam thay d6i céc dic trung dai sd cia md LDPC, va vi
véy, quy trinh ndy da dugc sir dung rong rai dé phan tich ma LDPC theo 1y thuyét.
Ngoai ra, ma trn kiém tra chin 1& c6 cAu tric tua tuan hoan di duoc biét dén, va vi

vay, trong sang ché s& khong mo ta chi tiét.
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Viéc tao ra miu rit gon dé dém céc bit khong c6 thé dugc coi 12 viéc xdc dinh
mirc d6 quan trong gitta 9 nhém ¢t cua ph?m bit thdng tin c6 trong ma LDPC c6 ty 1¢
ma béng 3/15. Piéu ndy c6 nghia 13, thu tuc rit gon hodc dém céc bit khong vao céc
vi trf bit thong tin cu thé giéng nhu th tuc rit gon hodc loai bo ¢t twong tng Vi cac
bit théng tin trong ma trdn kiém tra chin 1&. Vi vay, khi can rit gon n bit trong mot tlr
thong tin dya vao d6 dai cta thdng tin bdo hiéu d4u vao, thi can phai xdc dinh n cot
ndo s& duoc loai bo ra khoi ma trén kiém tra chin 1é dua vao hiéu suét tinh theo ty 18
15i bit (BER) hoic ty 18 18i khung (FER).

Theo phwong 4n lam vi du thuc hién sing ché, miu rit gon dé dém cac bit
khong dugc tao ra b%mg cdch str dung cic dic trung ctia md LDPC, tic la cac cOt
trong mot khdi cot (tirc 12 mot tap hop gém 360 cot lién tiép) c6 dic trung dai s6
giéng nhau, va téng sb nhém bit thong tin chi bang chin.

& budc tht nhat, xem xét chin trudng hop sau diy trong ma trén kiém tra chin
1¢ @ do hiéu suat BER va FER thuc.

Khi théng tin chi dugc mang trén céc bit thudc nhém bit thir 0 va céc bit con lai
12 bit khéng dugce dém.

Khi thdng tin chi dugc mang trén céc bit thudc nhém bit thr 1 va céc bit con lai
12 bit khdng dugc dém.

Khi thong tin chi dwgc mang trén céc bit thudc nhém bit thir 2 va céc bit con lai
1a bit khong dugc dém.

Khi thdng tin chi duwgc mang trén céc bit thudc nhom bit tht 3 va céc bit con lai
12 bit khéng duge dém.

Khi thong tin chi dwgc mang trén cdc bit thudc nhém bit thir 4 va céc bit con lai
1a bit khéng duge dém.

Khi thong tin chi dugc mang trén cdc bit thudc nhém bit thi 5 va céc bit con lai
12 bit khéng duge dém.

Khi théng tin chi dugc mang trén cic bit thuoc nhém bit thr 6 va cac bit con lai

12 bit khong duge dém.
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Khi théng tin chi dugc mang trén céc bit thudce nhém bit thr 7 va cac bit con lai

12 bit khong dwgc dém.

Khi théng tin chi dugc mang trén céc bit thudce nhém bit thit 8 va cac bit con lai

12 bit khdng dugc dém.

Hiéu suit BER va FER dat dugc trong chin trudng hop nay sé dugc quan sat.
Truéc hét, cdc nhém bit c6 mitc chénh 1éch hiéu suét so v6i nhém bit ¢6 hiéu suét cao
nhét nhé hon hodc bing mdt gid tri dinh trude (vi du 0,1 dB) s& duoc chon lam cac
nhém bit du bi ma cubi cung s& rut gon. Pé chon nhém bit ma cudi cling s& rit gon
trong sé céc nhém bit du bi, thi c6 thé xem xét thém céc ddc trung tudn hoan nhu bac
quan hé ngoai chu ky gin ding (Approximate Cycle Extrinsic, ACE). Gia tri ACE
ctia mot chu ky c6 do dai bﬁng 2n duge dinh nghia 1a téng cua cic gia tri thu dugc
sau khi 14y béc ctia n nit bidu didn c4c bién ndi v6i chu ky trir di 2. Vi mot chu ky 6
gi4 tri ACE nho va d6 dai ngén anh huong bt loi dén hiéu suét ciia ma LDPC, cho
nén c6 thé chon mot nhém bit, trong sb cac nhom bit du bi, ¢ s6 chu ky nho nhét
trong s6 céc chu ky c6 do dai nhé hon hogc bing 8 va ¢6 gid tri ACE nho hon hodc
b%mg 10 trong ma trdn duoc tao nén boi céc khdi cot rit gon twong tmg véi nhém bit
nay. Néu c6 nhiéu nhém bit nhu vay trong s6 cdc nhém bit du bi, thi s& chon nhém
bit ¢6 hiéu suit FER cao nhat. Néu c¢6 qué nhiéu nhém bit nhu vay theo cdc déc trung
tudn hoan dya vao gid tri ACE, thi diing phuong phép phan tich khai trién mat d6 tim
ra gid tri du bdo theo 1y thuyét cta ty sd tin hiéu/tap nhiéu (Signal-to-Noise Ratio,
SNR) cuc tiéu dé cho phép truyén thong khong c6 13i dbi véi cac tap hop ma LDPC
¢6 cling mot dang phan b cta céc gid tri 1 sau khi xod bd cdt, két hop hang va xod
b6 hang véi tung nhém bit trong s céc nhém bit d6, va kidm tra hiéu suit FER dua
vao thuc nghiém tinh todn bang cach didu chinh gan diing s6 lwong nhém bit dya vao
céc gid tri SNR cuyc tiéu duge dy béo theo 1y thuyét. Nhy d6, c6 thé chon nhém bit

th 5.

G budc thir hai d8 tao ra miu rit gon, hiéu suat BER va FER thyc dugc do khi

xem xét tdm trueong hop sau day.

Khi thong tin chi dugc mang trén cac bit thugc nhém bit thir 0 va nhém bit thit 5
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va cac bit con lai 1a bit khéng dugc dém.

Khi thong tin chi dugc mang trén cic bit thudc nhém bit thir 1 va nhém bit thi
5, va céc bit con lai 12 bit khong dugc dém.

Khi théng tin chi dugc mang trén céc bit thuéc nhém bit thi 2 va nhém bit thir
5, va cdc bit con lai 1a bit khong dugc dém.

Khi thdng tin chi dugc mang trén cic bit thuoc nhém bit tht 3 va nhém bit th
5, va cdc bit con lai 1a bit khong duge dém.

Khi thong tin chi dugc mang trén cic bit thudc nhém bit tht 4 va nhém bit thir

5, va céc bit con lai 12 bit khéng duge dém.

-~ ) PO .

Khi thong tin chi dugc mang trén cdc bit thudc nhém bit thix 5 va nhém bit th

Al

c

6, va céc bit con lai 1a bit khéng duge dém.

Khi thong tin chi durgc mang trén céc bit thudc nhém bit thit 5 va nhém bit thir

7, va c4c bit con lai 1a bit khéng duge dém.

Khi thong tin chi dugc mang trén céc bit thuéc nhém bit thit 5 va nhém bit thir

8, va céc bit con lai 1a bit khéng duoc dém.

T4m trudng hop néu trén 1a cdc trudng hop trong d6 can phai chon nhém bit dé
mang thong tin bd sung, ngoai nhém bit thir 5 da dwoc chon & bude thir nhat. Sau khi
hiéu suét BER va FER dat dugc trong céc trudng hop nay dwgc quan sét, nhém bit ¢6
hiéu suét cao nhét s& dugc chon 1am nhém bit du bi dé rit gon ngay trudc khi rit gon
nhém bit the 5. Tiép theo, nhém cdt twong Ung v6i nhém bit thir 5 trong ma tran
kiém tra chn 1¢ dugc rit gon va mot nhém bit trong s6 cdc nhém bit du bi s& duogc
rit gon ngay trudc khi nhém bit thir 5 dugc rdt gon, va sau dé, trong ma trén con lai
sau 14n rit gon néu trén, c6 thé kiém tra s& chu ky c6 d6 dai nho hon hodc bing 8 va
gi4 tri ACE nhé hon hoc bing 3 dé chon mdt nhém bit c6 s6 chu ky nhé nhét. Vi du,

¢6 thé chon nhém bit thir 3.

Theo d6, quy trinh néu trén dugc thyc hién 1ap lai cho téi khi 9 nhom bit clia c4c
bit thong tin LDPC c¢6 thé dugc chon dé tao ra méu it gon dé dém céc bit khdng nhu

duoc thé hién trong bang 1 néu trén. Nho d6, khi céc bit khong duoc dém vao dua
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vao mau rit gon nhu dugc thé hién trong bang 1 néu trén, c6 thé thu dugc hiéu sut
BER va FER cao.

Trong d6, theo phwong 4n l1am vi du thyc hién séng ché, céc bit thong tin néu
trén c6 thé tao nén thdng tin bdo hiéu chi tiét cho téng L1. Vi vay, thiét bi truyén tin
hiéu 100 c6 thé thuc hién thii tuc rit gon dbi v6i thong tin bdo hiéu chi tit cho tang

L1 bing c4ch sir dung phuwong phap néu trén @& truyén dén thiét bi thu tin hiéu 200.

Theo séng ché, thong tin bao hiéu chi tit cho tang L1 c6 thé 12 c4c bit thong tin
bdo hiéu dwgc dinh nghia theo ti€u chuin Advanced Television System Committee

(ATSC) 3.0.

Cu thé, thong tin bdo hidu chi tiét cho tAng L1 ¢6 thé duge xéc dinh theo bay (7)
ché d6 khic nhau. Thiét bi truyén tin hi¢u 100 theo phuong 4n lam vi du thuc hién
sdng ché c6 thé tao ra céc bit chin 1& bb sung theo phuong phdp néu trén khi ché do 2
dé xfxiy thong tin bao hiéu chi tiét cho tAng L1 trong sb bay ché do nay xir 1y thong

tin bdo hiéu chi tiét cho tang L1.

Tiéu chuin ATSC 3.0 quy dinh thong tin bdo hiéu co ban cho tang L1, bén canh
thong tin béo hiéu chi tiét cho tAng L1. Thiét bj truyén tin higu 100 c6 thé xtr Iy thong
in béo hiéu co ban cho ting L1 va thng tin bao hiéu chi tiét cho tAng L1 bang cich
st dung mot so dd cu thé, va truyén thong tin bdo hiéu co ban cho ting L1 va thong
tin bdo hiéu chi tiét cho tAng L1 d4 xtt Iy dén thiét bi thu tin higu 200. Trong trudng
hop nhu vay, thdng tin bdo hiéu co ban cho tang L1 ciing ¢ thé duge xtr 1y bay ché
d6 khac nhau.

Phuong phép xut Iy thong tin bdo hiéu co ban cho tang L1 va thong tin bdo hiéu
chi tiét cho ting L1 s& dugc md ta dudi day.

Thiét bi truyén tin hiéu 100 c6 thé 4nh xa thong tin béo hi¢u co ban cho tAng L1
va thong tin bdo hi¢u chi tiét cho tAng L1 vao trong phan mo d4u ctia khung va 4nh
xa dit lidu 18n c4c ky hiéu dit lidu ciia khung dé truyén dén thiét bi thu tin higu 200.

Dua vao Fig.6, khung c6 thé dwoc tao nén gdm cé ba phan, d6 1a phan khéi

dong, phan m¢ dau va phan dir liéu.
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Phan khoi dong dugc sit dung dé ddng bo hoé ban d4u va cung cAp thong s6 co
ban cAn thiét cho thit bi thu tin hiéu 200 d& giai ma thong tin béo hiéu cho tang L1.
Ngoai ra, phin khéi dong c6 thé chira thong tin vé ché d6 xir 1§ thong tin bo hiéu co
ban cho tAng L1 & thiét bi truyén tin hiéu 100, tirc 1a thong tin v& ché 6 ma thiét bi

truyén tin hiéu 100 st dung dé xur Iy thong tin bdo hiéu co ban cho ting L1.

Phin m& d4u chira thdng tin bdo hiéu cho ting L1, va c6 thé dwoc tao nén gém
¢6 hai phin, d6 12 phan thong tin bao hiéu co ban cho tang L1 va phan thong tin bdo

hiéu chi tiét cho tang L1.

Theo sang ché, thong tin bdo hiéu co ban cho ting L1 c6 thé chira thong tin vé
thong tin bdo hiéu chi tiét cho ting L1, va thong tin bdo hi¢u chi tiét cho tang L1 c6
thé chira thong tin vé dit liéu. Theo sing ché, dir liéu 12 dit liéu phét rong dé cung cap
céc dich vu phat rong va c6 thé dwoc truyén qua it nhét mot kénh truyén tAng vat 1y

(Physical Layer Pipe, PLP).

Cu thé, thong tin bdo hidu co ban cho tAng L1 12 thdng tin can thiét cho thiét bi
thu tfn hiéu 200 dé xi Iy thong tin bdo hiéu chi tiét cho ting L1. Thong tin nay chira,
vi du, thong tin v& ché do xir Iy thong tin bao hiéu chi tiét cho tAng L1 & thiét bi
truyén tin hiéu 100, tirc 13 thong tin vé ché d ma thiét bi truyén tin hidu 100 st dung
d4 xir 1§ thong tin bao hiéu chi tiét cho tAng L1, thong tin vé d¢ dai cua thong tin béo
hiéu chi tiét cho tAng L1, thong tin vé& ché do chin 1¢ bo sung, tirc 1a thong tin vé gid
trj K duing cho thiét bi truyén tin hiu 100 dé tao ra céc bit chan 1¢ bd sung bang cich
st dung truong L.1B_L1_Detail_additional_parity_mode (trong do, khi trudong
L1B_L1_Detail additional_parity_mode duoc dat bang ‘00, thi K=0 va céc bit
chén 16 bd sung khong duoc st dung), va thong tin vé do dai cia tdng sb céc 6. Ngoai
ra, thong tin bao hidu co ban cho ting L1 c6 thé 1a thong tin bdo higu co ban lién
quan dén hé théng c6 thiét bi truyén tin hi¢u 100 nhu kich thude bién dbi Fourier

nhanh (Fast Fourier Transform, FFT), khoang bao vé va mau séng chi.

Ngoai ra, thong tin bdo hidu chi tiét cho ting L1 12 thong tin cn thiét cho thiét
bi thu tin hiéu 200 dé giai md céc kénh truyén PLP, vi du, vi trf dAu tién cla cic &

duoc 4nh xa 1én cdc ky hiéu dit li€u trén mdi kénh truyén PLP, thong tin nhén dang
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(Identifier, TD) ctia kénh truyén PLP, kich thuéc ctia kénh truyén PLP, so dd diéu

bién, ty 1€ ma, v.v..

Vi vy, thiét bi thu tin hiéu 200 c6 thé thu nhén tin hiéu dong bd hod khung, thu
nhan théng tin bdo hiéu co ban cho tang L1 va thong tin bdo hiéu chi tiét cho tng L1
tir phin m& dAu, va thu théng tin dich vu ma ngudi ding yéu cau tir cdc ky hiéu dir

liéu bang céch sir dung thong tin béo hi¢u chi tiét cho tang L1.

Phuong phdp xt 1y thong tin bdo hi¢u co ban cho tAng L1 va thong tin bdo hiéu

chi tit cho tAng L1 s& duoc mb ta chi tiét dudi ddy dya vao cdc hinh v& kém theo.

Fig.7 va Fig.8 1a cdc so dd khdi thé hién cu hinh chi tiét cta thiét bi truyén tin

hiéu 100 theo céc phwong dn 1am vi du thuc hién sang ché.

Cu thé, nhw dugc thé hién trén Fig.7, @ xir 1y thong tin béo hiéu co ban cho tang
L1, thiét bi truyén tin hiéu 100 c6 thé bao gdm bd phén x4o trdn 211, bd ma hod BCH
212, bd dém bit khong 213, bd ma hod LDPC 214, bd phan hodn vi chan 1é 215, bd
phén 13p 216, b phan duc 16 217, bd phan loai bo bit khong 218, bd phan kénh bit

219 va bo 4nh xa chdom diém 221.

Ngoai ra, nhu dugc thé hién trén Fig.8, dé xut 1y thong tin béo hiéu chi tiét cho
tAng L1, thiét b truyén tin hiéu 100 c6 thé bao gdm bd phén phan doan 311, by phan
x40 tron 312, b ma hod BCH 313, bd dém bit khong 314, bd ma hod LDPC 315, bd
phan hodn vi chin 1& 316, b phan 13p 317, bd phén duc 16 318, bo tao bit chin 1& bd
sung 319, bd phan loai bo bit khong 321, céc bd phan kénh bit 322 va 323, va cac b
4nh xa chom diém 324 va 325.

Theo sdng ché, cac bd phan dugc thé hién trén Fig.7 va Fig.8 1a céc by phén aé
thuc hién quy trinh ma ho4 va diéu bién trén thong tin bdo higu co ban cho ting L1 va
thong tin bdo hiéu chi tiét cho ting L1, nhung d6 chi 1a mot vi du. Theo céc phuong
4n 1am v{ du khéc dé thyc hién sdng ché, mot s bo phan dugc thé hién trén Fig.7 va
Fig.8 ¢c6 thé dugc loai bd hoic thay ddi, va cac bd phan khéc ciing cb thé dugc bd
sung vao. Ngoai ra, vi trf ciia mot s bo phan c6 thé thay ddi. Vi du, vi trf cita cde bd

phén 1ap 216 va 317 c6 thé 1an luot dugc dit & sau cdc bo phéan duc 156 217 va 318.
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B6 ma ho4 LDPC 315, b phén 1ip 317, bd phan duc 16 318 va b tao bit chin 1é
bd sung 319 dugc thé hién trén Fig.8 c6 thé 14n luot thuc hién cdc thao tic dugc thuc
hién b%lng b6 mi hod LDPC 130, bd phén lap 120, b6 phén duc 18 130 va bd tao bit

chén 1& bd sung 140 dwoc thé hién trén Fig.1.

Khi m6 ta dwa vao Fig.7 va Fig.8, d8 cho thuén tién, cdc bd phén thuc hién chire

ning giong nhau s& dugc md ta cting nhau.

Thong tin bdo hiéu co ban cho tang L1 va thng tin béo hiu chi tiét cho ting L1
c6 thé duoc bao vé bang diy ghép ndi cia mi ngoai BCH va ma trong LDPC. Tuy
nhién, d6 chi 12 mét vi du. Vi vay, néu thao tdc ma hod ngoai dugc thuc hién trudce
khi ma ho4 trong theo so dd ma hoa ghép néi, thi mot so @6 ma hod khdc nhu so 6
ma hoa CRC, ngoai so d ma hoa BCH, c6 thé dugc dp dung. Ngoai ra, thong tin bio
hidu co ban cho ting L1 va thong tin bao hidu chi tiét cho ting L1 ¢6 thé duoc bao vé

chi bing ma trong LDPC ma khong c6 ma ngoai.

Trude hét, thong tin béo hiéu co ban cho tang L1 va thong tin bdo hiéu chi tiét
cho tAng L1 c6 thé dugc xdo tron. Ngodi ra, thong tin bdo hiéu co ban cho tAng L1 va
thong tin bao hiéu chi tiét cho tAng L1 dwgc ma hod BCH, va do d6, cdc bit kiém tra
chin 16 BCH ctia thong tin bdo hidu co ban cho tang L1 va thong tin bdo hiéu chi tiét
cho tdng L1 dugc tao ra bang cach ma hod BCH c6 thé 1in lugt dugc gin vao thong
tin bdo hiéu co ban cho tAng L1 va thong tin bdo hiéu chi tiét cho tang L1. Ngoai ra,
c4c bit thong tin bao hidu ghép ndi va cdc bit kiém tra chan 1¢ BCH c6 thé duoc bao

v€ thém brfmg ma 16K LDPC @i duoc rit gon va duc 15.

P4 tao ra nhiéu muc kha ning bao vé khic nhau pht hop voi khoang gid trj ty sO
tfn hiéu/tap nhiéu (Signal to Noise Ratio, SNR) rong, thi mirc bao vé cla thong tin
béo hiéu co ban cho tAng L1 va thong tin bdo hiéu chi tiét cho tang L1 c6 thé duoc
phan chia ra thanh bay (7) ché d9. Piéu nay c6 nghia 13, mirc bao v¢ cla thong tin
bdo hiéu co ban cho tAng L1 va thong tin bdo hiéu chi tiét cho tang L1 c6 thé dugc
phan chia ra thanh bay ché d6 dua vao ma LDPC, bac didu bién, cac thong sb rit
gon/duc 18 (tirc 12 ty s6 gifta s6 luong bit dugc duc 15 va s luong bit dugc riit gon),

va sb Tuong bit duoc duc 15 co ban (tic 12 sb lwong bit duge dyc 16 co ban khi sb
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Iwgng bit duge rit gon bing 0). O mdi ché dd, it nhat mdt dang két hop khac nhau

ctia mi LDPC, béc diéu bién, chom diém va mau rit gon/duc 16 c6 thé dugc st dung.

Ché d6 ma thiét bi truyn tin hiéu 100 4p dung dé xir Iy thong tin béo higu c6 thé
duoc thibt 14p trudc tuy theo timg hé théng. Vi vdy, thiét bj truyén tin hiéu 100 c6 thé
xéc dinh céc thong s6 (vi du cu tric so d diéu bién va ty 1¢ ma (cAu tric ModCod)
cho mdi ché do, thong s cho so @4 ma hoa BCH, thong s6 cho so dd dém bit khong,
mau ridt gon, ty 16 mad/dd dai ma ctia ma LDPC, mAu dan xen theo don vi nhém, thong
s6 cho so db 1ap, thong sé cho mAu duc 13, va so dd diéu bién, v.v.) dé xtt 1y thdng tin
bdo hiéu tuy theo ché do da thiét 1ap, va c6 thé xir Iy thong tin bao hiéu dya vao cac
thong s da xdc dinh va truyén thong tin bdo hiéu da xir 1y dén thiét bi thu tin hiéu
200. Nhim muc dich nay, thiét bi truyén tin hiéu 100 c6 thé luu trlt trudc céc thong
s6 @8 xt 1y thong tin bdo hiéu tuy theo timg ché do.

Cic chu tric so dd didu bién va ty 16 ma (cAu tric ModCod) cho bay ché d6 de
xir 1y thong tin béo hiéu co ban cho tAng L1 va bay ché do dé xir 1y thong tin bdo higu
chi tiét cho tAng L1 duoc thé hién trong bang 5 duéi day. Thiét bi truyen tin hiéu 100
c6 thé ma hod va didu bién thong tin bdo hiéu dua vao céc cau tric ModCod dugc xdc
dinh trong bang 5 dudi day theo ché @ tuwong Gmg. Piéu ndy c6 nghia 13, thiét bi
truyén tin hiéu 100 cé thé x4c dinh ty 16 ma va so dd diéu bién cho thdng tin bdo hiéu
& m3i ché d6 dwa vao bang 5 dudi day, va c6 thé ma hod va diéu bién thong tin bdo
hidu theo so dd dd x4c dinh. Trong truong hop nhu vay, ngay ca khi diéu bién thong
tin bdo hiéu cho téng L1 theo cing mdt sO dd diéu bién, nhung thiét bi truyén tin hi€u

100 van c6 thé st dung céc chom diém khic nhau.
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Bang 5
Kiéu mi hoi FEC CAu tric ModCod R 2
N .y K Chom diém
cho thong tin bdo hi€u & D6 daima | Ty1é ma
Ché d6 1 QPSK
Ché 36 2 QPSK
Thoéng tin | Ché do 3 QPSK
baohitu "~ fqs4 | 200 NUC_16-QAM
co ban _
choting L1 | Chedo 5 3/15 NUC_64-QAM
Ché d6 6 (Loai A) [ NUC_256-QAM
Ché 367 NUC_256-QAM
ChE A T 400 ~ 16200 oP
Chédo i 2352 QPSK
. 400 ~
Ché @6 2 QPSK
Thong tin 3072
bdo hiéu | Chédo 3 QPSK
chi tiét PR
cho thng L1 Chc? do 4 100 - s NUC_16-QAM
Ché 36 5 NUC_64-QAM
°o 6312 (Loai B) -64-Q
Ché do 6 NUC_256-QAM
Ché do 7 NUC_256-QAM

Trong bang 5 néu trén, Ky, 12 sé luong bit thong tin cho khdi ma hod. Diéu nay
c6 nghta 1, vi céc bit thong tin bio hiéu cho tAng L1 ¢6 d6 dai K, duoc mé hod aé
tao ra khdi ma hod, nén @ dai cua thong tin béo hiéu cho tAng L1 trong mdt khéi ma
hod s€ 1a K. V1 vay, céc bit thong tin bdo hiéu cho te“lng L1 c6 @0 dai Ky, ¢6 thé
duoc coi 1a twong tng voi mot khébi ma hod LDPC.

Dua vao bang 5 néu trén, gid tri K, cua thong tin bdo hiéu co ban cho tang L1
duoc giit ¢é dinh bang 200. Tuy nhién, vi sd lugng bit thong tin bdo hiéu chi tiét
cho tAng L1 thay d6i, nén gi4 tri K, cta thong tin bdo hi¢u chi tiét cho tang L1 thay
ddi.

Cu thé, dbi v6i thong tin bdo hiéu chi tiét cho tAng L1, s luong bit thong tin bdo

hidu chi tiét cho tAng L1 thay dbi, va do d6, khi s6 luong bit thong tin bdo hiéu

-34 -



51735 35/110

chi tiét cho ting L1 16n hon mot gi4 tri dinh trudc, thi thng tin béo hiéu chi tiét cho
t?mg L1 c6 thé dugc phan doan sao cho c¢6 do dai bang hodc nho hon gié tri dinh
trudc.

Trong trudng hop nhu vy, kich thude clia mi khéi thong tin béo hiéu chi tiét
cho thng L1 d4 phan doan (tirc 12 doan thong tin béo hiéu chi tiét cho tAng L1) c6 thé
c6 gid tri Ky nhu dugc xdc dinh trong bang 5 néu trén. Ngoai ra, mbi khéi thdng tin
béo hidu chi tiét cho tAng L1 da phan doan c6 kich thudc Ky c6 thé tuong tng voi
mdt khdi ma hod LDPC.

Tuy nhién, khi sé Iuong bit thong tin béo hiéu chi tiét cho tang L1 bang hodc
nhé hon gid tri dinh trude, thi thong tin bdo hiéu chi tiét cho tang L1 khong dugc
phén doan. Trong trudng hop nhu vay, d dai cta thong tin bdo higu chi tiét cho ting
L1 c6 thé c6 gid tri K;g nhu dugc xé4c dinh trong bang 5 néu trén. Ngoai ra, thong tin
bdo hiéu chi tiét cho ting L1 c6 do dai Ky, c6 thé twong tng v6i mot khdi ma hod
LDPC.

Phurong phép phan doan thong tin béo hiéu chi tiét cho tang L1 s& dugc mo ta
dudi day.

B phan phan doan 311 phan doan théng tin bdo hiéu chi tiét cho tang L1. Cu
thé, vi d6 dai ciia thong tin bdo hidu chi tiét cho ting L1 thay doi, nén khi d6 dai cta
thong tin bdo hiéu chi tiét cho tang L1 16n hon gié tri dinh trude, thi b phan phan
doan 311 c6 thé phan doan thong tin bdo hiéu chi tiét cho tdng L1 sao cho ¢ 5O
lugng bit bang hozc nhé hon gid tri dinh trude va xuét ra ting doan thong tin bdo

hiéu chi tiét cho ting L1 dé cung cdp cho bd phén xdo tron 312.

Tuy nhién, khi d6 dai ctia thong tin béo hiéu chi tiét cho tang L1 bang hoic nhé
hon gi4 tri dinh truéc, thi bd phan phan doan 311 khong thuc hién thao tadc phan doan
riéng biét.

Phuong phép phan doan, bing bd phan phan doan 311, doi v6i thong tin bdo

hiéu chi tiét cho ting L1 dién ra nhu sau.

S6 Tuong bit thdng tin bdo hiéu chi tiét cho ting L1 thay doi va chu yéu phu
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thudc vao sb lugng kénh truyén PLP. Vi vay, dé truyén tat ci céc bit cia thong tin
béo hiéu chi tiét cho tAng L1, cAn c6 1t nhit mot khung stra 16i truée (Forward Error
Correction, FEC). Theo séng ché, khung FEC ¢6 thé c6 dang trong d6 thong tin bio
hiu chi tiét cho tAng L1 duoc ma hod, va do d6, céc bit chan 1¢ theo so d6 ma hod

duoc gén vao thong tin bdo hiéu chi tiét cho tang L1.

Cu thé, khi thong tin béo hiéu chi tiét cho ting L1 khong dugc phan doan, thi
thong tin bdo hiéu chi tiét cho tAng L1 duoc ma hod BCH va ma hod LDPC dé tao ra
mét khung FEC, va vi vdy, cin c6 mot khung FEC @& truyén thong tin béo hiéu chi
it cho tAng L1. Tuy nhién, khi thong tin bo hiéu chi tiét cho tang L1 dugc phan
doan ra thanh it nhAt hai doan, thi méi doan trong s6 it nhat hai doan thong tin bdo
hiéu chi tiét cho ting L1 dugc ma hod BCH va md hod LDPC @ tao ra ft nhat hai
khung FEC, va vi vy, cn c6 it nhit hai khung FEC @¢ truyén thong tin béo hiéu chi
tiét cho ting L1.

Do d6, b6 phéan phan doan 311 c6 thé tinh sb luong Nyip recrrame khung FEC
ciia thong tin bdo hiéu chi tiét cho tAng L1 dwa vao biéu thic 12 duéi ddy. Dieu nay
c6 nghia 1a, s6 lwong Npip_recrrame Khung FEC cua thong tin bdo hiéu chi tiét cho
tAng L1 ¢6 thé dugc x4c dinh dwa vao biéu thirc 12 dudi day:

K ex al
Niip_recrraME = 'V%&-l (12)

seg
Trong bidu thitc 12 néu trén, [x ] 12 s nguyén nhé nhét bang hozc 16n hon x.

Ngoai ra, trong biéu thitc 12 néu trén, KL1p_ex pad 12 0 dai ctia thong tin bao hi€u
chi tiét cho ting L1 khong k& L1 bit dém nhw dugc thé hién trén Fig.9, va ¢6 thé dugc
x4c dinh theo gid tri ctia trudng L1B_L1_Detail_size_bits c6 trong thong tin bdo hiéu
co béan cho tang L1.

Ngoai ra, K, 12 gid tri ngudng aé phan doan, dugc x4c dinh dua vao s6 luong
Kigpe bit thong tin dwgc nhép vao bd mé hod LDPC 315, tic 1a cic bit thong tin
LDPC. Ngoai ra, K, ¢6 thé dugc xdc dinh dya vao sb lwong bit kiém tra chén 1¢

BCH cita md BCH va gid tri bdi s ctia 360.
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K, durgc xéc dinh sao cho, sau khi thong tin bdo hiéu chi tiét cho ting L1 dwgc
phan doan, sb lugng K, bit thong tin trong khéi ma hoa duoc coi 1a béng hoac nhé
hon Kigpe — Mouter- Cut thé, khi thong tin béo hiéu chi tiét cho tng L1 dugc phan doan
dua vao K, vi d6 dai cua doan thong tin b4o hiéu chi tiét cho tang L1 khong vuot
qué K., nén d6 dai ctia doan thong tin bdo hiéu chi tiét cho ting L1 duoc coi 1a bang
hodc nh6 hon Kigpe — Moyeer Khi Kgeg duoc thiét 1ap nhu duoc thé hién trong bang 6
duéi day.

Theo sang ché, My V2 Kigpe dugc xédc dinh trong bang 7 va bang 8 dudi day.
V6i kha ning bao vé phit hop, gi4 tri Ky cho thong tin bao hiéu chi tiét cho tang L1
theo ché dd 1 ¢6 thé dugc dit bang Kigpe — Mouer — 720.

K., cho théng tin bdo hiéu chi tiét cho tang L1 theo mbi ché do c6 thé dugc xéc
dinh nhu trong bang 6 dudi day. Trong trudng hop nhu vay, bo phén phan doan 311

c6 thé x4c dinh Keg theo ché @6 twong tmg nhu dugc thé hién trong bang 6 dudi day.

Béang 6

Théng tin bdo hiéu chi tiét cho tAng L1 Koeg
Ché @0 1 2352
Ché d9 2 3072
Ché d6 3
Ché d6 4
Ché @6 5 6312
Ché d6 6
Ché d6 7

Nhu duoc thé hién trén Fig.9, toan bé thong tin béo hiéu chi tiét cho tang L1 c6
thé gdm c6 céc bit thong tin béo hidu chi tiét cho tAng L1 va cdc bit dém cho tAng L1.

Trong trudng hop nhu vay, bd phén phan doan 311 ¢o thé tinh d6 dai cla truong
L1 _PADDING trong thong tin bao hiéu chi tiét cho tAng L1, titc 1a s6 Iugng Kiip_pap
bit dém cho tAng L1 dwa vao biéu thic 13 dudi day.

Tuy nhién, phuong phdp tinh Kyip_pap dua vao biéu thirc 13 dudi day chi 1a mot
vi du. Didu ndy c6 nghia Ia, bd phan phan doan 311 c6 thé tinh do dai ciia trudng
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L1_PADDING trong théng tin bao hiéu chi tiét cho tAng L1, tirc 12 s6 lugng Krip_pap
bit dém cho ting L1 dwa vao cac gid tri Kiip_ex pad V2 NLip_recrrame. Vi du, gid tri
Kiip_pap ©6 thé thu duogc dua vao biéu thic 13 dudi day. Pidu nay c6 nghia 13, biéu
thic 13 dudi ddy chi 1a mot vi du vé phuong phép thu dugc gid tri Kyip_pan, va do do,
c6 thé 4p dung phuong phép khic dua vao céc gié tri Kiip_ex pad V2 NL1D_FECFRAME dé

dat dugc két qua twong duong.

K ex A
Kiip_pap = [ e lx 8XNyip rrcrrame ~ KLip_ex_pad (13)

(NLlD_FECFKAME X 8)

Ngoai ra, by phan phan doan 311 c6 thé nap K ip_pap bit khong (tirc 1a cac bit ¢6
gia tri 0) vao truong L1_PADDING. Vi vdy, nhu duoc thé hién trén Fig.9, Kpip pap
bit khong c6 thé dugc nap vao trudng L1_PADDING.

Nhu vdy, sau khi tinh d¢ dai cia trudng L.1_PADDING va céc bit khdng dugc
dém vao theo do dai da tinh cla truéng L.1_PADDING, thong tin bdo hiéu chi tiét
cho tAng L1 c6 thé dugc phan doan ra thanh nhiéu khéi c6 ciing mot s6 luong bit khi
thong tin bdo hiéu chi tiét cho tﬁng L1 dugc phan doan.

Tiép theo, bo phan phan doan 311 c6 thé tinh d¢ dai cudi ciing Kyip ctia toan bd
thong tin bao hiéu chi tiét cho tAng L1 ¢6 chira céc bit khong dugc dém vao dua vao
biéu thic 14 duéi day:

Krip = KLip_ex_pad + KLip_paD (14)

Ngoai ra, b0 phan phan doan 311 c6 thé tinh s6 luong K bit thdng tin trong
mdi khéi trong s6 Ny 1p_recrrame khéi dua vao biéu thic 15 dudi day:

— Kiip (15)

NLID _FECFRAME

sig

Tiép theo, bd phan phan doan 311 c6 thé phan doan thong tin bdo hiéu chi tiét
cho ting L1 bang céch iy s6 luong bit thong tin bdo hiéu chi tiét cho ting L1 chia
cho sb lugng K, bit.

Cu thé, nhu dwgc thé hién trén Fig.9, khi Niip_recrrame 160 hon 1, thi b phan

phan doan 311 c6 thé 14y s6 luong bit thong tin bdo hiéu chi tiét cho tAng L1 chia cho
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s6 lugng K, bit & phan doan thong tin bio hidu chi tiét cho tng L1 ra thanh
NLID_FECFRAME khél

Vi vdy, thong tin bdo hiéu chi tiét cho tang L1 ¢6 thé dwoc phan doan ra thanh
Ni1o_recrrame khdi, va s6 lugng bit thong tin bdo hiéu chi tiét cho tAng L1 trong mdi
khéi trong s& Niip_recrrame Khoi c6 thé bang K. Ngodi ra, mdi doan théng tin bdo
hidu chi tiét cho tAng L1 dugc md hod. Theo két qud mé hod, khéi ma hod, tirc 12
khung FEC, dugc tao ra sao cho s6 luong bit thong tin bio hiéu chi tiét cho tﬁng L1
trong m&i khéi trong s6 Nyip_gecrrame khoi ma hod c6 thé bang Kgg.

Tuy nhién, khi thdng tin bdo hiéu chi tiét cho tang L1 khong dugc phan doan, thi
Ksig = KL1D_ex_pad-

Céc khéi thong tin bdo hiéu chi tiét cho tAng L1 da phan doan c6 thé duge ma
ho4 theo quy trinh nhu sau.

Cu thé, tt ca cdc bit clia mdi khéi trong s céc khoi thdng tin bdo higu chi tiét
cho té‘mg L1 c6 dd dai K, 6 thé dugc x4o tron. Tiép theo, mdi khdi trong s6 cdc khdi
thong tin bao hiéu chi tiét cho tAng L1 c6 thé dugc ma hod bang day ghép ndi cia md
ngoai BCH va ma trong LDPC.

Cu thé, mdi khdi trong sb cdc khoi thong tin béo hiéu chi tiét cho tang L1 dugc
mi hod BCH, va do d6 Muyer (= 168) bit kiém tra chin 1¢ BCH c6 th8 dugc gin vao
K bit thong tin bdo hiéu chi tiét cho tAng L1 trong mdi khdi, va sau d6, ddy ghép
néigénlcécécbﬁthﬁngthlbéolﬁéuchiﬁétchotﬁngIJ,VéCéCbﬂﬂdéﬁanchﬁnlé
BCH ciia mbi khéi c6 thé duwgc ma hod bang mi 16K LDPC da dugce it gon va duc
15. Trong 6, ma BCH va ma LDPC s& dugc mo ta chi tiét dudi day. Tuy nhién, cdc
phuong 4n 1am vi du thuc hién séng ché chi md ta truong hop trong 46 Moy = 168,
nhung cin phai hiéu 16 12 Myyeer €6 thé thay dbi véi gid tri thich hop tuy thude vao cac
yéucﬁucﬁahéthéng.

Céc bd phan x4o trén 211 va 312 14n luot x40 tron thong tin béo hiéu co ban cho
thng L1 va thong tin bdo hiéu chi tiét cho tang L1. Cu thé, cdc bd phan x4o tron 211
va 312 ¢6 thé 14n lwot ngdu nhién hod thong tin bdo hiéu co ban cho tAng L1 va thong
tin bdo hiéu chi tiét cho tng L1, va xuét ra thong tin bdo hiéu co ban cho tang L1 va
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thong tin bdo hiéu chi tiét cho tang L1 di duoc ngiu nhién ho4 dé cung cp cho cic

b6 ma hod BCH 212 va 313 tuong Ung.

Trong trudng hop nhu vay, cdc bd phan xdo tron 211 va 312 ¢6 thé x40 tron céc
bit thong tin theo don vi 1a K.

Diéu nay cé nghia 13, vi s6 lugng bit thong tin bdo hiéu co ban cho tAng L1 dwoc
truyén dén thiét bi thu tin higu 200 trong m&i khung bang 200, nén bd phan xdo tron
211 ¢6 thé xdo tron cAc bit thong tin bdo hidu co ban cho tang L1 theo don vi 1a K,

(=200).

Vi sb Iwong bit thong tin bao hidu co ban cho ting L1 dwoc truyén dén thiét bi
thu tin hiéu 200 trong mdi khung thay ddi, cho nén trong mot s6 truong hop, thong
in bao hiéu chi tiét cho tAng L1 c6 thé dugc phan doan bang b phan phan doan 311.
Ngoai ra, by phan phan doan 311 c6 thé xuit ra thong tin bdo hiéu chi tiét cho tang
L1 gdm c6 Ky bit hodc cdc khéi thong tin béo hiéu chi tiét cho tAng L1 d4 phan doan
& cung cép cho bd phan x4o tron 312. Nho d6, bo phén xdo trdn 312 ¢6 thé x4o tron
cdc bit thong tin bdo hiéu chi tiét cho tAng L1 theo don vi la K, duge xuat ra tir b

phan phéan doan 311.

Céc bd ma hod BCH 212 va 313 thuc hién budc ma ho4a BCH trén thong tin béo
hidu co ban cho ting L1 va thong tin bdo hiéu chi tiét cho tang L1 dé tao ra cic bit

kiém tra chin 1&¢ BCH.

Cu thé, cdc bd mi hod BCH 212 va 313 c6 thé 1an luot thuc hién budc ma hod
BCH trén thong tin bdo hiéu co ban cho tAng L1 va thdng tin bdo hiéu chi tiét cho
t??mg L1 duogc xuét ra tir cic bd phan xdo trén 211 va 313, dé tao ra céc bit kiém tra
chén 1é BCH, v xudit ra céc bit ma hod BCH trong d6 céc bit kiém tra chin 1é BCH
duoc gén vao mdi thong tin béo hiéu co ban cho tAng L1 va thong tin bdo higu chi tiét
cho tAng L1 dé cung cép cho cdc bo dém bit khong 213 va 314 twong mg.

Vi du, cdc bd md hod BCH 212 va 313 ¢6 thé lan lugt thuc hién budc ma hod
BCH trén K, bit ddu vao dé tao ra Mouer (t0c 12 Kyg = Kpaytoad) bit kiém tra chdn 1&
BCH va xuét ra cdc bit ma hoda BCH gém c6 Nouter (= Kiig + Mouter) bit dé cung cép
cho cdc b dém bit khong 213 va 314 twong ung.
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Céc thong s d& ma hod BCH c6 thé dugc xdc dinh trong bang 7 dudi day.

Bang 7
Kiéu m3 hod FEC
cho thon g tin bio hi éll Ksig — Dypayload Mouter Nouter - Ksig + Mouter
Ché do 1
Ché d6 2
Thong tin | Ché do 3
bohi¢u "y 4 45 4 200 368
co‘ban _
choting L1 | Chedd5
Ché do 6
Ché d6 7 -
- 168
Chédol 400 ~ 2352 568 ~ 2520
Ché d6 2 400 ~ 3072 568 ~ 3240
Thong tin | Ché d6 3
béo hi€u X <A
chitide | Chedod
choting L1 | Chédds 400 ~ 6312 568 ~ 6480
Ché d6 6
Ché o 7

Ngodi ra, dua vao Fig.7 va Fig.8, cAn phéi hiéu rdng céc bd ma hod LDPC 214
va 315 c6 thé 1an luot dit & sau cdc bd md hod BCH 212 va 313.

Vi vay, thdng tin bdo hiéu co ban cho tang L1 va thong tin bdo hiéu chi tiét cho
ting L1 c6 thé duoc bao vé bang ddy ghép ndi cia ma ngoai BCH va mai trong

LDPC.

Cu thé, thong tin bdo hidu co ban cho tAng L1 va thdng tin béo hiéu chi tiét cho
thng L1 duge mi hod BCH, va do d6, cdc bit kiem tra chin 1&¢ BCH cua thong tin béo
hiéu co ban cho ting L1 dugc gin vao thdng tin béo hi¢u co ban cho tAng L1 va céc
bit kiém tra chin 16 BCH cta thong tin bdo hiu chi tiét cho tang L1 duoc gin vao
thong tin béo hiéu chi tiét cho tAng L1. Ngoai ra, cdc bit thong tin bo hiéu co ban
cho tAng L1 va c4c bit kiém tra chén 1¢ BCH da dugc ghép nbi duoc bao vé thém

bing ma LDPC, va cic bit thong tin béo hiéu chi tiét cho tAng L1 va céc bit kiém tra
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chin 1¢ BCH da dugc ghép ndi c6 thé dugc bao vé thém bang mi LDPC.

Theo sang ché, gia sit ring ma LDPC la ma 16K LDPC, va do d6, trong c4c bo
m3 hos BCH 212 va 213, ma BCH c6 hé théng v6i Nigner = 16200 (tire 12 46 dai cla
m3 16K LDPC bing 16200 va tir ma LDPC duoc tao ra bang cdch ma hod LDPC c6
thé gdbm c6 16200 bit) c6 thé dwoc st dung dé thuc hién thao tic ma hod ngoai trén
thong tin bdo hiéu co ban cho tAng L1 va thong tin béo higu chi tit cho tang L1.

Céc bd dém bit khong 213 va 314 dém céc bit khong. Cu thé, @61 véi ma LDPC,
cAn c6 mot s6 luong dinh trudce cua céc bit thong tin LDPC dugc xac dinh theo ty 1€
mi vi @6 dai ma, va do d6, cdc by dém bit khong 213 va 314 c6 thé 14n lwot dém cdc
bit khong d& md hod LDPC nhim tao ra s6 luong dinh truéc cia céc bit thong tin
LDPC gém ¢6 céc bit ma hoa BCH va céc bit khong, va xuat ra cic bit da tao ra dé
cung cap cho céc bd ma hod LDPC 214 va 315 tuong ng, khi s6 luong bit mi hod
BCH nhé hon sb lugng bit thdng tin LDPC. Ngoai ra, khi sd lwong bit ma hod BCH
bing s6 lugng bit thong tin LDPC, thi céc bit khdng khong dugc dém vao.

Theo sdng ché, cac bit khong duge dém vao bang cdc bd dém bit khong 213 va
314 duogc dém vao 48 ma hod LDPC, va vi vdy, céc bit khong dugc dém vao khong
duoc truyén dén thiét bi thu tin hiéu 200 nhé thu tuc rit gon.

Vi du, khi s lugng bit théng tin LDPC ctia md 16K LDPC bang Kig, dé tao ra
Kigpe bit thong tin LDPC, thi cdc bit khong s& dugc dém vao mot s6 bit thong tin
LDPC.

Cu thé, khi sb lugng bit ma hod BCH bing Nouters s6 luong bit théng tin LDPC
cua ma 16K LDPC b%mg Kigpes V@ Nouter < Kidpes thi cdc bd dém bit khong 213 va 314
c¢6 thé dém Kigpe — Nouger bit khong vao mot s6 bit thong tin LDPC, va st dung Nouter
bit ma hod BCH, duéi dang 1a phﬁn con lai cia cic bit thong tin LDPC, dé tao ra céc
bit thong tin LDPC gém c6 Kjgpe bit. Tuy nhién, khi Noyter = Kidgpe, thi cac bit khong s€

khong dugc dém vao.

Nhim muc dich ndy, cdc b dém bit khong 213 va 314 ¢6 thé phan chia céc bit
théng tin LDPC ra thanh nhiéu nhom bit.
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Vi duy, cdc bd dém bit khong 213 va 314 c6 thé phan chia Ky, bit thong tin
LDPC (ig, i1, ---» iKmpC_l) ra thanh Nipto_gronp (= Kiape/360) nhém bit dua vao biéu thic

16 hodc bidu thirc 17 dudi day. Diéu nay c6 nghia 1a, cic bd dém bit khong 213 va
314 ¢6 thé phan chia céc bit thong tin LDPC ra thanh céc nhém bit sao cho sb luong

bit ¢6 trong mdi nhém bit bang 360.

Z, ={ik

Z, =i, 360xj<k< 360x (j+1)} v6i 0 <j < Ninfo_group (17)

j= L%(—)J, 0<k< Kldpc} voi0<j< Ninfo_group (16)

Trong bidu thirc 16 va biéu thirc 17 néu trén, Z;1a nhém bit thi1j.

Cac thong $6 Noyters Kigpe V2 Ninfo_group U2 céc bit khong dugc dém vao trong
thong tin bdo hiéu co ban cho ting L1 va thong tin bdo hiéu chi tiét cho tang L1 ¢c6
thé dugc xdc dinh nhu dugc thé hién trong bang 8 dudi day. Trong trudng hop nhur
viy, cdc bd dém bit khong 213 va 314 c6 thé xdc dinh cdc thong s6 cho céc bit khong

dugc dém vao theo ché d6 twong ting nhu duoc thé hién trong bang 8 dudi day.
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Bang 8

Kiéu ma hod FEC

cho thong tin bdo hiéu Nouer Kigpe | Ninto_group

Thong tin béo hiéu co ban cho tang L1

; . 368
(tat ca cac che do)

Thong tin bao hiéu chi tiét cho tang L1 568 ~ 3940 9
theo ché d6 1 2520

Thong tin béo hiéu chi tiét cho tang L1 568 ~
theo ché d6 2 3240

Thong tin bdo hiéu chi tiét cho tang L1
theo ché d6 3

Thong tin béo hiéu chi tiét cho tang L1
theo ché d6 4

Thong tin béo hiéu chi tiét cho tang L1 568 ~ 6480 13
theo ché d6 5 6480

Thong tin bdo hiéu chi tit cho tang L1
theo ché d 6

Thong tin bdo hiéu chi tiét cho tAng L1
theo ché d6 7

Ngoai ra, v6i 0 < j < Ninfo_groups mdi nhém bit Z; nhu duge thé hién Fig.10 c¢6 thé
¢6 360 bit.

Cu thé, Fig.10 thé hién dinh dang dit liéu sau khi mbi thong tin béo hiéu co ban
cho ting L1 va thong tin bdo hidu chi tiét cho tang L1 dugc ma hod LDPC. Trén
Fig.10, ma LDPC FEC duoc gin vao Kig, bit thong tin LDPC bidu thi c4c bit chan 1&
LDPC duoc tao ra bz‘?mg cach ma hod LDPC.

Dua vao Fig.10, Ky bit thong tin LDPC duoc phin chia ra thanh Nisfo_group
nhém bit va mdi nhém bit c6 thé c6 360 bit.

Khi s6 luong Noyer (= KsigtMouter) bit mé ho4 BCH cuia thong tin bdo hiéu co ban
cho thng L1 va thong tin bdo hiéu chi tiét cho tAng L1 nho hon Kig, tic 12
Nouter (= KeigMouter) < Kiape d& ma hod LDPC, thi Kigpe bit thong tin LDPC ¢6 thé
duge nap Noyer bit md hod BCH va Kigpe - N,uer bit khong s& dugc dém vao. Trong

trudng hop nhu vay, cdc bit khong dugc dém vao s& khong duoc truyén dén thiét bi
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thu tin hiéu 200.

Thu tuc rit gon dugce thuc hién béng cdc bd dém bit khong 213 va 314 s& duge
md ta chi tiét dudi day.

Céc bd dém bit khong 213 va 314 ¢6 thé tfnh s6 luong bit khong duoc dém vao.
Didu ny c6 nghia 13, @& c6 di s6 lugng bit cAn thiét dé ma hod LDPC, thi céc bd dém
bit khong 213 va 314 c6 thé tinh s6 luong bit khdng dugc dém vao.

Cu thé, cdc bd dém bit khong 213 va 314 c6 thé tinh hiéu s giita s6 lugng bit
thong tin LDPC va sé lwong bit ma hod BCH dé lay két qua d6 1am sb luong bit
khong dugc dém vao. Piéu nay cé nghia 13, v6i Noyer cho trudc, cdc bo dém bit
khong 213 va 314 c6 thé tinh s lwong bit khong dwgc dém vao dudi dang 1a Kigpe —
Nouter-

Ngodi ra, cic bd dém bit khong 213 va 314 c6 thé tinh s6 lwong nhém bit ma
trong d6 tAt ca cdc bit du 1a céc bit duge dém vao. Pidu nay c6 nghia 13, cdc bd dém
bit khong 213 va 314 c6 thé tinh s lugng nhém bit ma trong d6 tAt ca céc bit déu 1a
céac bit khong dugc dém vao.

Cu thé, c4c bd dém bit khong 213 va 314 c6 thé tinh s6 lugng Npg nhém bit ma
trong d6 tAt ca cdc bit du l1a céc bit dwge dém vao dua vao bidu thirc 18 hodc biéu

thirc 19 dudi day:

Ky, —-N
N — 1dpc outer 1 8
Pl 360 J (18)
(K e =M oer )~ K
N — Idpc outer sig 19
Pl 360 J (19)

Tiép theo, cdc bd dém bit khong 213 va 314 ¢6 thé xdc dinh cdc nhém bit ma
trong d6 cé céc bit khong duwgc dém vao trong sb nhidu nhém bit dya vao mau rit
gon, va 6 thé dém cdc bit khong vao tat ca céc bit trong mot s6 nhém bit d x4c dinh
va mdt sd bit trong cdc nhém bit con lai.

Trong truong hop nhu vay, mAu rit gon ctia nhém bit dém c6 thé duoc xdc dinh

nhu dwoc thé hién trong bang 9 dudi ddy. Trong truong hop nhu vay, cdc bd dém bit
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khong 213 va 314 ¢6 thé xdc dinh mAu rdt gon theo ché d twong tng nhur duge thé

hién trong bang 9 dudi day.

Béang 9

Kiéu ma hoi FEC 7s(j) 0<j< Ninfo _group)

cho thong tin Ninfo_group m(0) | ms(1) m(2) | ms(3) n(4) | ns(5) 7,(6) | ms(7) | ms(8)

béo hiu 79 |m(10) | m(11) | 1(12) | m(13) | m(14) | m(15) | 7(16) | m(17)

Thong tin bdo hi¢u 4 | 1| 5| 2|8 |6 0| 7|3
co ban cho tang L1
(tat ca cac ché do) - - - - - - - - -
Thong tin bdo hiéu 7 8 5 4 1 2 6 3 0
chi tiét cho tang L1 9

theo ché d6 1 - - - - - - - - -
Thong tin béo hiéu 6 1 7 8 0 2 4 3 5
chi tiét chq tang L1

theo ché d6 2 - - - - - - - - -
Thong tin bdo hi¢u 0 12 | 15 13 2 5 7 9 8
chi tiét cho tang L1

theo ché d6 3 6 16 | 10 | 14 1 17 | 11 4 3
Thong tin béo hi¢u 0 15 5 16 17 1 6 13 11
chi tiét cho tang L1

theo ché do 4 4 7 12 8 14 2 3 9 10
Thong tin bdo hiéu 2 |4 | 5 17| 9| 7T | 1| 6|15
chi tiét cho tang L1 18

theo ché do 5 8 10 14 16 0 11 13 12 3
Théng tin bé‘o hiéu 0 15 5 16 17 1 6 13 11
chi tiét cho tang L1

theo ché do 6 4 7 12 8 14 2 3 9 10
Thong tin bdo hi¢u 15 7 8 11 5 10 16 4 12
chi tiét cho tang L1

theo ché d6 7 3 0 6 9 1 14 | 17 2 13

Theo sdng ché, m,(j) 12 chi s6 cia nhém bit dwgc dém vao thir j. Piéu nay c6

nghia 13, gid tri 7,(j) biéu thi th@ tw ctia nhém bit thir j theo mau rdt gon. Ngoai ra,

Ninfo_group

1a s& lwong nhém bit tao nén cac bit thong tin LDPC.

Cu thé, cac bd dém bit khong 213 va 314 c6 thé xdc dinh céc nhém bit Z, ),

Zyqys »oo Zns(Nm_

, 1a cdc nhém bit ma trong d6 tht ca cdc bit déu la cde bit khong

duoc dém vio dua vao mau rit gon, va dém cac bit khong vao tat ca céc bit ¢ trong

céc nhém bit d6. Diéu ndy c6 nghia 13, cdc bd dém bit khong 213 va 314 c6 thé dém
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cdc bit khong vao tAt ca cdc bit cia nhém bit thit 7(0), nhém bit thi (1), ..., nhém

bit thlr Ty(Npae—1) trong s6 cac nhém bit dwa vao mau rit gon.

Nhu vay, khi Ny, khic 0, thi cac bo dém bit khong 213 va 314 ¢6 thé xdc dinh

danh séch gdm Nyg nhém bit, tirc 1a cde nhém bit Z, ), Zg gy» -» Z, (o) » d¥2 VO
bang 9 néu trén, va dém céc bit khong vao tAt ca céc bit trong nhém bit d4 x4c dinh.
Tuy nhién, khi Npaa b?mg 0, thi thu tuc néu trén ¢ thé khong dugc thuc hién.

Vi sb lwong cua tAt ca céc bit khong dugc dém vao béng Kidpe = Nouter V2 s6
lugng bit khong dugc dém vao Np,g nhém bit bang 360xN,,4, cho nén céc by dém bit
khong 213 va 314 ¢6 thé dém thém céc bit khong vao Kigpe — Nouer — 360XNpaq bit
thong tin LDPC.

Trong trudng hop nhu vay, cdc by dém bit khong 213 va 314 cé thé x4c dinh
nhém bit ma trong d6 ¢ céc bit khong dugc dém thém vao dya vao mAu rit gon, va
¢6 thé dém thém céc bit khong tir phan diu ciia nhém bit d& xédc dinh.

Cu thé, cdc bo dém bit khong 213 va 314 ¢6 thé xdc dinh nhém bit Z e, (Npu0) l1a
nhém bit ma trong d6 c6 céc bit khong duoc dém thém vao dya vao mAu rit gon, va
c6 thé dém thém céc bit khong vao Kigpe — Nouter — 360xNp,q bit nam & phﬁn dau cia
nhém bit Z,, (Np) Vi vay, Kigpe — Nouter — 360XNpaq bit khdng c6 thé duoc dém vao ké
tr bit dAu tién cia nhém bit thit 7;(Npaa)-

Nho d6, véi nhéom bit Zns(Npad), cdc bit khong cé thé dugc dém thém vao

Kigpe — Nieh — 360xN,q bit ndm ¢ phan dau ctia nhém bit Z, (y,,,)-

Vi du néu trén mo ta ring Kigpe — Nouer — 360xNpqq bit khng duoc dém vao ké tir
bit d4u tién cta nhém bit Z e Ny nhung d6 chi 12 mét vi du. Vi véy, vi tri ma cac bit
khong duge dém vao & d6 trong mhom bit Z ., c6 thé thay doi. Vi du,
Kldéc — Nouter — 360xN,5q bit khong c6 thé duoc dém vao phﬁn gitta hodc phﬁn cudi cua

nhém bit Lo (N ho#c cling c6 thé dugc dém vao & mot vi trf bat ky trong nhém bit

Zns (Npad) *
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Tiép theo, céc bd dém bit khong 213 va 314 c6 thé 4nh xa céc bit ma hoa BCH
1én céc vi trf ma céc bit khong khong dugc dém vao & d6 dé tao nén céc bit thong tin

LDPC.

Vi v4y, Noyer bit ma hod BCH dugc énh xa tudn tu 1én céc vi trf bit ma céc bit

khong trong sd Kigpe bit thong tin LDPC (19, 11y «--» iKmpc_l) khong dugc dém vao & do,

va vi vay, Kige bit thong tin LDPC c6 thé gom ¢ Noue bit ma hod BCH va
Kidpe — Nouger bit thong tin.

Céc bit khong dwoc dém vao khong duge truyén dén thiét bi thu tin higu 200.
Nhu vy, thi tuc dém bit khong hay quy trinh dém bit khong va sau d6 khong truyén
céc bit khong duoc dém vao dén thiét bi thu tin higu 200 c6 the duoc goi la thi tuc rdt

gon.

Cé4c bd mi hod LDPC 214 va 315 1an luwgt thuc hién budc ma hod LDPC trén

thong tin béo hiéu co ban cho tang L1 va thong tin bdo hiéu chi tiét cho ting L1.

Cu thé, cc bd ma hod LDPC 214 va 315 ¢6 thé 1an luot thyc hién budc ma hod
LDPC trén céc bit thong tin LDPC duoc xudt ra tir cic bo dém bit khong 213 va 314
d4 tao ra cc bit chin 1& LDPC, va xuét ra tir ma LDPC gom c6 cdc bit thong tin
LDPC va céc bit chin 16 LDPC dé cung cip cho céc bo phan hoén vi chén 1é 215 va
316 tuong Ung.

Pidu nay c6 nghia 13, Ky, bit dwge xudt ra tir b dém bit khong 213 ¢6 thé ¢6
K, bit thdng tin bdo hi¢u co ban cho tﬁng L1, Moyter (= Noyeer — Kiig) bit kiém tra chin
1¢ BCH, va (Kigpe — Nouter) bit khong dugc dém vao, cic bit nay c6 thé tao nén Kigpe bit

thong tin LDPC i = (ig, i1, -+, ix,,1) cho bo mi hod LDPC 214.

Ngoai ra, Ky bit dugc xuét ra tir bd dém bit khong 314 6 thé c6 Ky, bit thong
fin béo hiéu chi tiét cho tAng L1, Mouer (= Nouter — Kiig) bit kiém tra chan 1¢ BCH, va
(Kigpe — Nouger) bit kKhong duoc dém vao, cdc bit nay co thé tao nén Kigpc bit thong tin

LDPC i = (io, iy, --.» ix,,_+) cho bd md hod LDPC 315.

Trong trudng hop nhu vy, cdc bé ma hod LDPC 214 va 315 c6 thé thuc hién
mdt céch c6 hé théng budc ma hod LDPC trén Kig, bit thong tin LDPC dé tao ra tir
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ma LDPC A = (Co, Cily «vey C _1) = (i(), il, ceey iKldpc—l » Pos P15 -5 pNim[_Kldpc_]) gém co

N inner

Ninner bit .

Pbi véi thong tin bdo hiéu co ban cho tAng L1 theo céc ché do va thong tin bdo
hiéu chi tiét cho tAng L1 theo ché d6 1 va ché d 2, cdc b ma hod LDPC 214 va 315
c6 thé mi hoé thong tin bdo hiéu co ban cho tang L1 v thong tin béo higu chi tiét cho
thng L1 & ty 16 ma bing 3/15 dé tao ra 16200 bit tir ma LDPC. Trong truong hop nhu
véy, cdc bd mad hod LDPC 214 va 315 c6 thé thuc hién budc ma hod LDPC dya vao

bang 2 néu trén.

Ngoai ra, dbi véi thong tin béo hiéu chi tiét cho tAng L1 theo c4c ché d6 3, 4, 5,
6 va 7, b mi hod LDPC 315 c6 thé ma hod thong tin béo hiéu chi tit cho tang L1 &
ty 16 ma bang 6/15 dé tao ra 16200 bit tir md LDPC. Trong trudng hop nhu vay, bd
m3 hod LDPC 315 c6 thé thuc hién budc ma hod LDPC dya vao bang 4 néu trén.

Ty 18 ma va d0 dai mé ciia thong tin bdo hiéu co ban cho tang L1 va thong tin
bdo hidu chi tiét cho tAng L1 dugc xéc dinh nhw dugc thé hién trong bang 5 néu trén,
va sb luong bit thong tin LDPC dugc xac dinh nhu dugc thé hién trong bang 8 néu

trén.

Cé4c bd phéin hodn vi chin 1& 215 va 316 thuc hién budc hodn vi ch&n 1é. Piéu
ndy c6 nghia 1, cdc bo phén hoan vi chin 1& 215 va 316 c6 thé thyc hién budc hodn
vi chi trén céc bit chin 16 LDPC trong sb céc bit thong tin LDPC va céc bit chén 1¢
LDPC.

Cu thé, cdc bd phan hodn vi chin 1¢ 215 va 316 1an luot cd thé thuc hién budc
hodn vi chi trén céc bit chin 1¢ LDPC trong céc tir ma LDPC dugc xudt ra tir cdc bd
mi hod LDPC 214 va 315, va xuéit ra céc tir ma LDPC di duge hodn vi chin 1é dé
cung cip cho cdc bd phan lap 216 va 317 tuong {mg. Trong d6, bd phan hoédn vi chén
1& 316 c6 thé xuét ra tir ma LDPC da dugc hodn vi ch&n 1& dé cung cép cho bd tao bit
chin 16 bé sung 319. Trong trwong hop nhu vay, b tao bit chan 1é b6 sung 319 c6 thé
st dung tr md LDPC da dugc hoan vi chén 1& duoc xuét ra tir bd phan hoén vi chin

1¢ 316 d& tao ra cdc bit chén 1é bd sung.
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Nhim muc dich nay, cdc bd phan hodn vi chn 1& 215 va 316 c6 thé c6 bo phan
dan xen chén 1& (khong dugc thé hién trén hinh v&) va bd phén dan xen theo don Vi

nhém (khong dwoc thé hién trén hinh v8).

Tru6c hét, bd phan dan xen c6 thé chi dan xen céc bit chan 1é LDPC trong sd
céc bit thong tin LDPC va cic bit chén 1¢ LDPC tao nén tit ma LDPC. Tuy nhién, bd
phén dan xen c6 thé thuc hién buéc dan xen ch&n 1¢ chi trén thong tin bdo hiéu chi
tiét cho tAng L1 theo céc ché d 3,4, 5, 6 va 7. Piéu nay c6 nghia la, vi thong tin bao
hiéu co ban cho tAng L1 theo céc ché do va thong tin bdo hiéu chi tit cho tang L1
theo ché d6 1 va ché d6 2 c6 budc dan xen chin 1¢ nhu 12 mot phan trong quy trinh
ma hod LDPC, cho nén dbi véi thong tin béo hidu co ban cho tang L1 theo cdc ché do

va thong tin bdo hiéu chi tiét cho tang L1 theo ché do1vachédo?2,b dan xen

phén

>

c6 thé khong thuc hién budc dan xen chén lé.
G ché d6 thuc hién budc dan xen chin 1, bd phan dan xen c6 thé dan xen céc bit

chiin 1é LDPC dya vao biéu thirc 20 dudi day:
;= ¢; v6i 0 < i < Kygye (céc bit thdng tin khong dugc dan xen)

U, s = Crcyezreet V01 0S8 <360,0<£<27 (20)

Cu thé, dya vio bidu thirc 20 néu trén, tt ma LDPC (co, ¢1, .., ¢y ) dugc dan

xen chin 1& bang bd phan dan xen va tin hi¢u dau ra ctia bo phén dan xen c6 thé dugc

-

biéu dién dudi dang U = (ug, uy, ..., uy

Vi thong tin bdo hiéu co ban cho ting L1 theo cdc ché do va thong tin béo hiéu
chi tiét cho té”lng L1 theo ché @6 1 va ché @6 2 khong st dung bd phéan dan xen, nén
tin hi€u dau ra U = (ug, uy, ..., uNAm_l) cta bd phin dan xen c6 thé duoc biéu dién
theo biéu thirc 21 dudi day:

u; =¢C; v6i 0 <1 < Nigper (21)

B6 phan dan xen theo don vi nhém ¢ thé thuc hién budc dan xen theo don vi

nhém trén tin hiéu dau ra cua bo phan dan xen.

Theo sdng ché, nhu da néu trén, tin hiéu dau ra ctia b phén dan xen c6 the 1a tr
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mi LDPC duogc dan xen chin 1& b%mg b6 phén dan xen hodc c6 thé 12 tr ma LDPC

khong duoc dan xen chén 1¢ bang bo phéan dan xen.

Vi vay, khi buéc dan xen chin 1¢ duoc thuc hién, bd phin dan xen theo don vi
nhém cé thé thuc hién budc dan xen theo don vi nhém trén tir ma LDPC di dugc dan
xen chin 1&, va khi budc dan xen chén 1& khong duoc thuc hién, bd phan dan xen theo
don vi nhém c6 thé thuc hién buéc dan xen theo don vi nhém trén te ma LDPC

khong duoc dan xen chin 18.

Cu thé, bd phan dan xen theo don vi nhom ¢ thé dan xen tin hiéu dau ra ctia bd

phén dan xen theo don vi nhém bit.

Nhim muc dich ndy, b phan dan xen theo don vi nhém c6 thé phan chia tir ma
LDPC dugc xuét ra tir bd phan dan xen ra thanh nhidu nhém bit. Nho d6, cic bit chin
16 LDPC duoc xuét ra tir bd phan dan xen c6 thé dugc phéan chia ra thanh nhiéu nhém
bit. |

Cu thé, b phan dan xen theo don vi nhém c6 thé phan chia cdc bit mad hoa

LDPC (uy, uy, ..., uy ) duoc xudt ra tr bd phin dan xen ra thanh

Nyroup (= Ninner/360) nhém bit dya vao bieu thic 22 dudi ddy:
X, ={u,p60x j<k <360x(j+1,0<k < N, }v6i0<j<Ngop (22)

Trong biéu thirc 22 néu trén, X; 1a nhém bit tht j.

Fig.11 thé hién vi du v& phuong phép phén chia tir ma LDPC dugc xuét ra tlr bd
phan dan xen ra thanh nhiéu nhém bit.

Dua vao Fig.11, tt ma LDPC duoc phan chia ra thanh Niroup (= Ninner/360) nhom
bit, va mdi nhém bit X; véi 0 < j < Ngroup €6 360 bit.

Nho d6, céc bit théng tin LDPC gdm c6 Kigpe bit ¢6 thé dugc phéan chia ra thanh
Kiape/360 nhém bit va céc bit chén 16 LDPC gom ¢6 Niuner — Kiape bit 6 thé dugc phén
chia ra thanh (Nipper — Kigpe)/360 nhém bit.

Ngoai ra, bo phén dan xen theo don vi nhém thuc hién budc dan xen theo don Vi

nhém trén tb ma LDPC dugc xuét ra tir bd phan dan xen.

_51 -



51735 E2/110

Trong trwdng hgp nhu vdy, bd phén dan xen theo don vi nhém khong thuc hién
budc dan xen trén céc bit thong tin LDPC, va ¢ thé thuc hién budc dan xen chi trén
céc bit ch&n 16 LDPC dé thay ddi thir tw ctia cdc nhém bit tao nén céc bit chan 18

LDPC.

Nhé d6, céc bit thong tin LDPC trong sb cdc bit LDPC c6 thé khong dugc dan
xen bing bd phan dan xen theo don vi nhém, ma chi ¢ céc bit chin 1¢ LDPC trong
s& c4c bit LDPC c6 thé duoc dan xen béng bd phan dan xen theo don vi nhom. Trong

truong hgp nhu vay, céc bit chén 1¢ LDPC c6 thé dugc dan xen theo don vi nhém.

Cu thé, b phan dan xen theo don vi nhém c6 thé thyc hién budc dan xen theo
don vi nhém trén tr ma LDPC dugc xuét ra tir bd phan dan xen dya vao biéu thic 23
duéi day:
Yj = Xj, 0 S_] < Kldpc/360

Y, =X Kiapo/360 < j < Nggroup (23)

7 (J) 2

Trong d6, X; 1a nh6ém bit thit j trong s c4c nhém bit tao nén tir ma LDPC, tic la
nhém bit thit j trude khi dan xen theo don vi nhém, Y; 12 nhém bit thit duoc dan xen

theo don vi nhém. Ngoai ra, ,(j) 1a thit tw hodn vi dé @an xen theo don vi nhém.

Tht tu hodn vi c6 thé dugc xé4c dinh dua vao bang 10 va bang 11 dudi day.
Trong d6, bang 10 thé hién miu dan xen theo don vi nhém cua phe“m chin 1& trong
thdng tin béo hi¢u co ban cho téng L1 theo céc ché @6 va thong tin bdo hiéu chi tiét
cho tAng L1 theo ché d6 1 va ché do 2, va bang 11 thé hién mau dan xen theo don vi
nhém cia phan chén 1é trong thong tin bdo hiéu chi tiét cho tang L1 theo cdc ché @6

3,4,5,6va’.

Trong trudng hop nhu vy, bd phén dan xen theo don vi nhém c6 thé x4c dinh
mau dan xen theo don vi nhém theo ché d6 twong tmg dugc thé hién trong bang 10 va

bang 11 dudi day.
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Bang 10
Tht: tw dan xen theo don vi nhém m,(j) (9 < j<45)
Kiéu ma hos FEC 11,09) [ 10)mo(1 1)l 12)fey(13) (1) (15) o (16) (17 (1 8) (19 5(20)
cho thong tin Niroup
béo hiéu o (21)[y(22)[1(23) [y (24)|p(25) T,(26)[1p(27)|7(28)|(29) T(30)m(31)mp(32)
1,(33)(m,34)|my(35)|m36) Mo (37 p(38) (39| mp(A0) (A1) mp(42) p(43) Tp(44)
20|23 12532384118 | 9 |10 | 11 |31 | 24
Thong tin béo hi¢u
corbénchotﬁr;ng 1411512640 (33|19 |28 |34 ] 16|39 |27 |30
(tat ca cac ché dg)
21 | 44 | 43 |35 | 42 |36 | 12| 13 |29 | 22|37 |17
16122127130 37|44 |20 |23 |25]|32| 38|41
Thong tin bE’I‘O hiéu
chi tiet cho tang L1 45 9 | 1017 18|21 |33 35|14 |28 12| 15| 19
theo ché d6 1
11 124 20|34 (36| 13|40 | 43 | 31 | 26 | 39 | 42
9 [ 31|23 10|11 |25 |43 |29 36|16 | 27 | 34
Thon g tin be’l‘o hiéu
chitiétchqténng 26 | 18 | 37 115 13 | 17 | 35 | 21 | 20 | 24 | 44 | 12
theo ché dd 2
22 |40 | 19 | 32|38 | 41 |30 |33 | 14 |28 |39 | 42
Bang 11
» ThL'rtL_rdanxentheodcmvinhémnp(]')(18Sj<45)
Kiéu ma hod FEC
cho thong tin | Ngroup |(18)|m5(19)|m,(20)|my(21)|m,(22) 1y(23)|m(24) (25 | m,(26) | (2 7)| m(28) 7,(29)|m5(30)|my(31)
béo hiéu
1,30){m(33)|34)|my(33) o 36) o3 7) il 38) w39y A0) () o 42) my(43) o 44)
Thong tin béo higu 190371304223 |44|27|40|21[34|25]32|29]24
chi tiét cho tang L1
theo ché d6 3 2613501392018 |43 |31|36|38|22|33|28]41
ThﬁngtinbéOhiéu 2035042139 ]26(23[30| 18|28 |37 (32|27 |44|43
chi tiét cho tang L1
theo ché do 4 4114038136 |34 (33[31[29(25|24|22|21]|19
Th(‘)ngtinbé‘ohiéu 1913713312640 |43[22(29|24|35|44|31|27]|20
chi tiét cho tang L1| 45
theo ché d6 5 211392542 34|18 [32|38|23|30|28]36]4l1
Théngtinbe’gohiéu 2035|4239 |26|23|30| 18|28 |37 3227|4443
chi tiét cho tang L1
theo ché do 6 41140383634 (33]31(29]|25]24|22]21|19
Théngtinbe’l‘ohiéu 44 123129 |33 |24 |28 |21 |27 |42|18|22|31|32]37
chi tiét cho tang L1
theo ché d6 7 4313012503520 (34(39|36]19|41|40|26]38
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Péi véi miu dan xen theo don vi nhém trong thong tin béo hiéu chi tiét cho tang
L1 theo ché dd 2, su hoat dong ctia b phén dan xen theo don vi nhém s& duge md ta
duéi day dé 1am vi du.

Trong thdng tin bdo higu chi tiét cho ting L1 theo ché do 2, bd mi hod LDPC
315 thyc hién budc ma hod LDPC trén 3240 bit thong tin LDPC & ty 1€ ma bing 3/15
dé tao ra 12960 bit chin 16 LDPC. Trong trudng hop nhu vy, tir md LDPC c6 thé
gbm c6 16200 bit.

M3i nhém bit ¢é 360 bit, va vi vdy tir ma LDPC gbm c6 16200 bit dugc phan
chia ra thanh 45 nhém bit.

Theo sang ché, vi s lwong bit thong tin LDPC bang 3240 va s6 lwong bit chin
1¢ LDPC bang 12960, nén tir nh6ém bit thir 0 dén nhém bit thtr 8 twong Gmg voi céc bit
thong tin LDPC va tir nhém bit thir 9 dén nhém bit tht 44 twong ng véi céc bit chin
1¢ LDPC. |

Trong trudng hop nhu vdy, b phén dan xen theo don vi nhém khong thuc hién
buéc dan xen trén cdc nhém bit tao nén céc bit thong tin LDPC, tlrc 1a tit nhém bit
thit 0 dén nhém bit thir 8 dua vao bidu thirc 23 va bang 10 néu trén, nhung c6 thé
thuc hién buéc dan xen trén cdc nhom bit tao nén céac bit chén 1¢ LDPC, tuc la ti

nhém bit thit O dén nhém bit thir 44 theo don vi nhém @& thay doi thir tw clia céc
nhém bit tir nhém bit thir 9 dén nhém bit thir 44.

Cu ths, trong thong tin bao hiéu chi tiét cho tang L1 theo ché do 2 trong bang 10
néu trén, bidu thirc 23 néu trén c6 thé dugce biéu dién dudi dang Yo =Xo, Y1 =X1, ..,
Y, =X7, Ys=Xs Yo=Xmpo=Xo, Yio=Xmpao = Xs1, Yii=Xpan =Xz oo
Yi= an(42) = Xog, Y= an(43) = X309, Y= an(44) = X4p.

Vi véy, bo phan dan xen theo don vi nhém khong thay dbi thi tu cta cdc nhém
bit tir nhém bit thit 0 dén nhém bit thit 8 chira céc bit thong tin LDPC, nhung ¢6 thé
thay d6i thit tw ctia cc nhém bit tir nhém bit thir 9 dén nhém bit thi 44 chita céc bit
chén 1¢ LDPC.

Cu thé, bd phan dan xen theo don vi nhém c6 thé thay dbi tht tu ctia cdc nhém
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bit tir nhém bit thit 9 dén nhém bit thir 44 sao cho nhém bit thtr 9 duogc dat vao vi tri
thi 9, nhém bit thir 31 dugc dat vao vi trf thir 10, nhém bit thir 23 dugce dat vao vi tri
thtr 11, ..., nhém bit thir 28 dugc dat vao vi trf thit 42, nhom bit thit 39 duoc dét vao
vi trf thi 43, nhém bit thir 42 duoc dat vao vi tri th 44.

Nhu duge md ta dudi dy, vi cdc b phén duc 16 217 va 318 thuc hién phuong
phép duc 18 ké tir bit chin 1 cudi cing, cho nén céc nhém bit chin 1& c6 thé dugc sip
xép theo thr tw ngugc véi mau duc 13 sau khi ho4n vi chn 16. Piéu nay c6 nghia I,

nhém bit dAu tién duoc duc 16 ndm & vi trf 12 nhém bit cudi cung.

Vi du néu trén md ta réng chi c6 céc bit chin 1& dugc dan xen, nhung d6 chi l1a
mbt vi du. Piéu nay c6 nghia 2, céc bd phan hodn vi chin 1& 215 va 316 cling c6 thé
dan xen cic bit thong tin LDPC. Trong trudng hop nhu vay, cdc bd phén hoé’m vi
chén 18 215 va 316 c6 thé dan xen c4c bit thong tin LDPC theo timg don vi va Xuét ra
céc bit thong tin LDPC c6 thir tu gidng nhu trudc khi dan xen sao cho thir tu cua céc

bit thong tin LDPC khong thay dbi.

Céc bo phan Lip 216 va 317 c6 thé 1p lai it nhat mot s bit cia tir ma LDPC da
dugc hodn vi chin 1& & vi trf nim phia sau céc bit thong tin LDPC, va xuét ra tir ma
LDPC 13p lai, tirc 1a cdc bit tir ma LDPC c6 céc bit 1ap, dé cung cp cho céc bd phan
duc 15 217 va 318. B phén 13p 317 cling c6 thé xuit ra tir ma LDPC 1p lai & cung
chp cho b tao bit chin 1¢ bd sung 319. Trong trudng hop nhu vay, bd tao bit chan 1é
bd sung 319 c6 thé str dung tir ma LDPC 1dp lai nay dé tao ra céc bit ch&n 1& b6 sung.

Cu thé, céc bd phan lap 216 va 317 ¢ thé 13p lai mot s6 luong dinh trude cla
céc bit chin 18 LDPC & phia sau c4c bit thong tin LDPC. Diéu nay c6 nghia 13, cdc bd
phan lip 216 va 317 c6 thé gén sb luong bit chan 1¢ LDPC duoc 1ap lai dinh truéce
vio phia sau céc bit thong tin LDPC. Vi vay, céc bit chin 18 LDPC duoc lap lai nam
& gifta céc bit thong tin LDPC va céc bit chin 1¢ LDPC trong tir md LDPC.

Nhu vay, vi s6 luong bit dinh trude trong tt ma LDPC sau khi 13p lai c6 thé
duwoc 1ap lai va duge truyén them dén thiét bi thu tin hidu 200, cho nén phuong phép
néu trén c6 thé duge goi 1a phuong phép lap.

Thuét ngit “gan” c6 nghia 1a dat cdc bit 1&p vao gifta céc bit thong tin LDPC va
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céc bit chin 1&¢ LDPC sao cho céc bit nay dwgc 13p lai.

Phuong phap 1dp ¢ thé duogc thuc hién chi dbi v6i ché do 1 cho thong tin béo
hiéu co ban cho tAng L1 va ché @9 1 cho thong tin bdo hiéu chi tiét cho tang L1, va c6
thé khong duoc thuc hién dbi v6i cac ché do khac. Trong trudng hop nhu vy, cdc bo
phan 13p 216 va 317 khong thyc hién phuong phép 1dp, va cd thé xuét ra tir ma LDPC

d4 duoc hoén vi chin 1& dé cung cép cho cdc b6 phéan duc 16 217 va 318.

Quy trinh thyc hién phuong phép 13p s& duoc mb ta chi tiét dudi day.

Céc bo phan 1ap 216 va 317 c6 thé tinh s& lugng Niepea bit duoc truyén thém
trong mdi tir ma LDPC dua vao biéu thirc 24 dudi day:

I\Irepeat =2X I_C X 1\"Touter _I +D (24)

Trong biéu thitc 24 néu trén, C 12 mot s6 6 dinh va D c6 thé 1a s6 nguyén chén.
Dua vao bidu thirc 24 néu trén, cin phai hiéu rﬁng s6 lugng bit can 13p lai c6 thé duoc
tinh b%mg cach nhan C v&i Ny cho trude va cdng voi D.

Céc thong s& C va D cho phuong phép 13p ¢6 thé dugc chon dua vao bang 12
dusi day. Didu nay c6 nghia 1a, cdc b phan 13p 216 va 317 ¢6 thé x4c dinh céc thong

s6 C va D dwa vao ché d6 twong ung nhu dugc thé hién trong bang 12 dudi day.

Bang 12
Nouter Ksig Kldpc C D Nldpc_parity NMoD
(= Ninner - Kldpc)
Thong tin bdo hiéu
co ban cho ting L1 368 200 3240 | O 3672 12960 2
theo ché do 1
Thoéng tin bdo hiéu
chi tiét cho tAng L1| 568 ~ 2520 | 400 ~ 2352 | 3240 | 61/16 | —508 12960 2
theo ché @6 1

Ngoi ra, cdc bo phan 1ap 216 va 317 c6 thé 1p lai Nyepeq bit chan 16 LDPC.

Cu thé, khi Nuepea < Nigpe puritys €4 bo phan 13p 216 va 317 ¢6 thé gan Nigpeo bit
dAu tién trong s céc bit chin 18 LDPC da dugc hodn vi chan 1é vao cdc bit thong tin
LDPC nhu duoc thé hién trén Fig.12. Didu nay c6 nghia 13, cdc bd phén ldp 216 va
317 c6 thé g#n bit chin 16 LDPC dAu tién trong s cdc bit chin 1é LDPC da dugc
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hodn vi chén 1& @& 1am bit chin 16 LDPC thit N,epea Va0 phia sau cac bit thong tin

LDPC.

Khi Niepeat > Nidpe_paritys céc bo phan 13p 216 va 317 ¢6 thé gén Nidpe_parity Dit chan
1¢ LDPC da duoc hodn vi chin 1& vao céc bit thdng tin LDPC nhu dugc thé hién trén
Fig.15, va c6 thé ghn thém 6 Twong Niepea — Nigpe_party bit chan 1& LDPC da duoe
hodn vi chin 1& V20 Nigpe_parity bit chin 16 LDPC d ghn l4n dau. Dieu nay c6 nghia 12,
céc bo phan 13p 216 va 317 c6 thé ghn tt ca céc bit chan 16 LDPC da dugc hodn vi
chin 1¢ vao phia sau c4c bit thong tin LDPC va gan thém bit chfn 1¢ LDPC dau tién
vao d& 1am bit chin 18 LDPC thit Niepea: — Nigpe parity trong sd céc bit chan 1é LDPC da

duoc hodn vi chan 1é vao phia sau cdc bit chén 1& LDPC da gan 1an dau.

Vi viy, & ché d6 1 cho thong tin bdo hiéu co ban cho tang L1 va ché @ 1 cho
thong tin béo hiéu chi tiét cho tAng L1, Nyepeq bit gin thém cd thé dugc chon trong tir

m3 LDPC va dugc truyén.

Céc bd phan duc 1 217 va 318 c6 thé duc 16 mot sb bit chan 16 LDPC c6 trong
tir mi LDPC duogc xuét ra tir cdc bd phén lap 216 va 317, va xuét ra ttr md LDPC da
duoc duc 13 (tc 1a c4c bit tir md LDPC con lai, ngoai trir cdc bit dugc duc 16 va ciing
duoc goi 1a tr mda LDPC sau khi duc 18) dé cung cép cho c4c bo phéan loai bo bit
khong 218 va 321. Ngoai ra, bo phan duc 18 318 c6 thé cung cAp thong tin (vi du sb
lwong va vi tri ciia céc bit dugce duc 13, v.v.) lién quan dén céc bit chin 1&¢ LDPC dugc
duc 13 cho bb tao bit chin 1¢ bd sung 319. Trong trudng hop nhu vy, bd tao bit chin

16 bb sung 319 c6 thé tao ra cdc bit chin 1¢ bo sung dya vao céc thong tin do.

Nhu vdy, sau khi di qua bd phan hodn vi chdn 1é, mot s6 bit chan 1¢ LDPC c6

thé duogc duc 15.

Trong trudng hop nhu vay, cdc bit chén 1é LDPC da dugc duc 16 khong duoc
truyén trong khung ma céc bit thong tin béo hiéu cho tdng L1 dugc truyén trong do.
Cu th8, cdc bit chin 1¢ LDPC da dugc duc 16 khong duoc truyén trong khung hién
thoi ma céc bit thdng tin bdo hiéu cho tang L1 duoc truyén trong d6, va trong mot sb
truong hop, céc bit chin 1¢ LDPC da dugc duc 18 c6 thé dugc truyén trong khung

dtmg trude khung hién thoi, trudong hop nay s& dugc md ta lién quan dén bd tao bit
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ch&n 1¢ bb sung 319.

Nhim muc dich nay, cdc bd phan duc 15 217 va 318 c6 thé xé4c dinh s6 luong bit
chin 1¢ LDPC dugc duc 16 trong mdi tir ma LDPC va kich thudc ciia mot khéi ma

2z

hoa.

Cu thé, cdc bo phan duc 15 217 va 318 ¢6 thé tinh s6 lugng tam thoi Npune_temp bit
chén 1& LDPC duoc duc 16 dya vao biéu thic 25 dudi day. Piéu ndy c6 nghia 13, voi
N, cho truéc, cdc bd phan duc 15 217 va 318 c6 thé tinh s6 lwong tam thoi

Noune.temp bit chiin 16 LDPC duoc duc 16 dwa vao biéu thiic 25 dudi day:

N = l_A X (Kldpc - Nouter )J+ B (25)

punc _ temp

2

(@)}
[@N

th
Ll

o>

Dua vao bidu thitc 25 néu trén, d6 dai tam thoi cta céc bit duge duc 16 ¢
dugc tinh b?mg c4ch cong sb nguyén khong dbi B v6i sb6 nguyén thu dugc tir két qua
ciia phép nhan do dai rut gon (tirc 12 Kigpe — Noueer) VO gid tri hing s6 dinh truéc A.
Theo phuong 4n lam vi du thuc hién séng ché, 16 rang la gid tri hing s§ A dugc thiét
1ap theo ty sb giita s6 Iwgng bit duoc duc 15 va s6 luogng bit dugc rit gon c6 thé duoc
thiét 1ap khac nhau tuy thudc vao cic yéu cAu cua hé thong.

Gi4 tri B 1a gié tri biéu thi 4o dai cua céc bit dugc duc 16 ngay ca khi d¢ dai it
gon bing 0, va do d6, gi4 tri nay biéu thi d6 dai nho nhét c6 thé c6 cta cac bit dyc 10.
Ngoai ra, céc gid trj A va B ding dé diéu chinh ty 1¢ ma dugc truyén trén thuc té.
Diéu nay cé nghia 13, dé chuén bi cho trudng hop trong d6 cdc bit thong tin, tic Ia
céc bit thong tin bdo hiéu cho tAng L1 c6 d6 dai nho hodc truong hop trong d6 céac bit
théng tin bdo hiéu cho tng L1 c6 do dai 16m, thi cdc gid trj A va B dung dé diéu
chinh ty 1& ma duoc truyén trén thuc té can duoc it gon.

Céc gid tri Kigpe, A va B néu trén duoc thé hién trong bang 13 duéi day, bang
nay thé hién céc thong sb dé duc 1. Vi vy, céc bd phan duc 15217 va 318 c6 thé xdc
dinh c4c thong sb dé duc 15 theo ché d6 tuong tmg nhu duoc thé hién trong bang 13

dudi day.
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Bang 13

Ché do 1 9360 2

Ché d6 2 11460 2

Thong tin Ché d6 3 12360 2
blohitu "cnédos | 368 0 (12292 4
cho ting L1 | Chédd 5 3240 12350 | 12960 6
Ché d6 6 12432 8

Ché d6 7 12776 8

Chédo 1 | 568 ~2520 712 0 2

Ché do 2 |568 ~3240 2 | 6036 2

Thong tin | Chédo 3 11/16 | 4653 2
blobigy | Cnédo 4 20132 | 3200 4
cho thng L1 | Chédd5 | 568 ~ 6480 | 6480 | 3/4 | 4284 9720 6
Ché d6 6 11/16 | 4900 8

Ché @6 7 49/256 | 8246 8

Cé4c bd phan duc 16 217 va 318 ¢ thé tinh kich thuéc tam thdi Negc_emp Cia mot

khéi m3 hod nhu duoc biéu dién bing biéu thuc 26 dudi day. Trong do, s6 luong

Nidpe_parity DIt chin 1é LDPC theo ché d6 twong ung dugc xdc dinh nhu ¢ trong bang

13 néu trén.

NFEC_temp = Nouter + Nldpc_pa.rity -

punc_temp

(26)

Ngoai ra, cdc bd phén duc 15 217 va 318 c6 thé tinh kich thudc Nggc clia mot

khéi ma hoé nhu duoc biéu dién bang biéu thic 27 dudi day:

@27

Trong biéu thitc 27 néu trén, vop 12 bac diéu bién. V1 dy, khi thong tin bio hicu
co ban cho tdng L1 va thong tin bdo hiéu chi tiét cho tang L1 dugc didu bién theo so
dd diéu bién QPSK, 16- QAM 64-QAM hoic 256-QAM theo ché d6 tuong ting, thi

Mmop €O thé bang 2, 4, 6 va 8 nhu dugc thé hién trong bang 12 néu trén. Theo biéu
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thitc 27 néu trén, Ngge c6 thé 12 mot bdi sO nguyén 1an cia bac diéu bién.

Ngoai ra, céc bd phan duc 16 217 va 318 ¢ thé tinh s6 lwong Ny, bit chén 1é

LDPC duge duc 15 dia vao biéu thirc 28 dudi day:

Npunc = Npunc_temp — (Npgc — NFEC_temp) (28)
Trong 46, Npunc b%mg 0 hoac la $6 nguyén duong. Ngoai ra, Nggce la s6 Iwong bit
ctia khéi thong tin thu dugc béng cach léy Nouter + Nidpe_parity bit thu duoc sau khi thuc
hién budc mi hod BCH va ma hod LDPC trén K bit thong tin trir di Npune bit dugc
duc 15. Didu ndty c6 nghia 13, Nggc 12 s6 lugng bit ngoai trir cdc bit 13p trong s6 céc bit
duoc truyén trén thuc té, va c6 thé duoc goi 1a céc bit tr ma LDPC da duogc rit gon

va duc 106.

Dua vio quy trinh néu trén, cdc by phan duc 16 217 va 318 nhan A véi s6 Iuong
bit khong dugc dém, tirc 12 do dai rit gon, va cong B voi két qua thu duoc dé tinh sb

Twong tam thdi Noune_emp bit chin 16 LDPC dugc duc 16.

Ngoai ra, cdc bo phin duc 15 217 va 318 tinh s luong tam thdi Negc_temp bit tlr

mi LDPC dé tao nén tir ma LDPC sau khi duc 15 va rit gon dua vao Npunc_temp-

Cu thé, cdc bit théng tin LDPC dwgc md hoéd LDPC, va céc bit chdn 1¢ LDPC
dwoc tao ra bang cach ma hod LDPC duoc gin vao céc bit thong tin LDPC dé tao nén
tr ma LDPC. Theo sdng ché, céc bit thong tin LDPC c¢6 céc bit ma hod BCH, trong
d6 thong tin bdo hiéu co ban cho tang L1 va thong tin bdo hidu chi tiét cho tAng L1
duoc mi hoid BCH, va trong mot sb treong hop, ¢ thé con c6 céac bit khdng duoc

dém vao.

Trong trudng hop nhu véy, vi cdc bit khong dugc dém vao s€ dugc mi hod
LDPC, va sau d6, khong duoc truyén dén thiét bi thu tin hiéu 200, cho nén tir ma
LDPC rit gon, d6 1a tir ma LDPC (tic 1a tr ma LDPC duogc rit gon) loai trir cic bit

khong duge dém vao, ¢6 thé gdm c6 céc bit md hod BCH va céc bit chén 1¢ LDPC.

Vi vay, céc bo phan duc 18 217 va 318 14y tong 6 clia s& lugng bit ma hod BCH
va sb lugng bit chin 16 LDPC trir di s6 lwong tam thdi cla céc bit chin 1¢ LDPC duoc

duc 18 dé tinh Nipc_emp-
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T ma LDPC d3 dwoc riit gon va duc 156 (tirc 12 céc bit tir md LDPC con lai sau
khi duc 18 va it gon) dugc 4nh xa 1én cdc ky hiéu chom didm theo cdc so db diéu
bién khéc nhau nhu QPSK, 16-QAM, 64-QAM hodc 256-QAM theo ché 4o tuong
{mg, va céc ky hiéu chom diém c6 thé duoc truyén dén thiét bi thu tin hiéu 200 trong

mot khung.

Vi vay, cdc bd phén duc 15 217 va 318 x4c dinh sb lwong Nggc bit tir md LDPC
dé tao nén tir ma LDPC sau khi duc 16 va rit gon dua vao Negc_emps NrEC 1a mo6t bdi
$6 nguyén 14n cta bac diéu bién, va x4c dinh $6 luong Nipune bit duge duc 16 dua vao
céc bit tir ma LDPC sau khi rdt gon dé thu dugc Npec.

Khi cdc bit khdng khong duge dém vao, thi tir ma LDPC c6 thé gém c6 céc bit

mi hod BCH va céc bit chin 16 LDPC, va budc rit gon ¢ thé khong dugc thuc hién.

Ngoai ra, & ché d 1 cho thong tin bdo hiéu co ban cho tAng L1 va ché @5 1 cho
thong tin bdo hiéu chi tiét cho tAng L1, phuong phap 1ap duoc thyc hién, va do dd, sd
Iwong bit tir ma LDPC d dugc rit gon va duc 15 bang Nesc + Nrcpear

Céc b phén duc 15 217 va 318 c6 thé duc 15 c4c bit chan 1é LDPC v6i s6 lwong

diing bang s6 luogng di tinh.

Trong trudng hop nhwr vay, céc b phéan duc 16 217 va 318 ¢6 thé duc 16 Npyy bit
cubi cling cia tht ca cac tr ma LDPC. Pidu nay c6 nghia 13, cdc b phén duc 16 217

va 318 6 thé duc 15 Ny, bit ké tir bit chin 16 LDPC cudi cling.

Cu thé, khi phuong phdp 1dp khong dwoc thyc hién, thi tr ma LDPC da duoc

hoén vi chan 18 chi ¢6 cdc bit chén 18 LDPC duogc tao ra béng cach ma hod LDPC.

Trong trudng hop nhu vay, céc bd phan duc 16 217 va 318 ¢6 thé duc 16 Npyy bit
cubi ciing ciia tht ca céc tir ma LDPC da dugc hoan vi chan 1é. Vi vy, Npu bit ké tir
bit chin 1¢ LDPC cubi ciing trong s6 céc bit chan 16 LDPC dugc tao ra bang c4ch ma

ho4 LDPC c6 thé dugc duc 16.

Khi phuong phépA 13p duoc thyc hién, thi tir ma LDPC da duoc hoén vi chin 1&
va lap lai ¢6 céc bit chén 16 LDPC duogc 13p lai va céc bit chiin 1¢ LDPC dugc tao ra

bang céch mi hod LDPC.
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Trong trudng hgp nhur vay, cic bd phan duc 16 217 va 318 ¢6 thé 14n luot duc 16
Npunc bit cudi cting cia tt ca cac tr ma LDPC da duoc hoan vi chin 18 va 1dp lai, nhu

duoc thé hién trén Fig.14 va Fig.15.

Cu thé, cic bit chin 1¢ LDPC duoc lap lai nam & gitta cc bit thong tin LDPC va
céc bit chin 16 LDPC duoc tao ra béng cach ma hod LDPC, va do d6, cac bd phéin
duc 15 217 va 318 c6 thé 13n luot duc 15 Ny bit ké tir bit chan 1¢ LDPC cudi cling

trong s céc bit ch&n 1¢ LDPC duoc tao ra bang cidch ma hod LDPC.

Nhu vay, cdc bd phan duc 15 217 va 318 ¢6 thé 1an lugt duc 18 Nipync bit ké tir bit

chin 1¢ LDPC cudi ciing.

Npunc bang 0 hoic 1a s6 nguyén duong va phwong phdp 1ap c6 thé dugc 4p dung
chi dbi véi ché @ 1 cho thong tin bao hidu co ban cho tang L1 va ché dd 1 cho thong

tin b4o hiéu chi tiét cho tAng L1.

Vi du néu trén mo ta rang phuong phép lap dugc thuc hién, va sau dé, phuong
phdp duc 15 dugc thuc hién, nhung d6 chi 1a mét vi du. Trong mot sb trudng hop, sau

khi phuong phip duc 18 duoc thuc hién, phuong phap 1dp ¢6 thé duoc thyc hién.

B6 tao bit chin 1¢ bb sung 319 c6 thé chon céc bit trong s6 céc bit chin 1¢ LDPC

8 tao ra céc bit chiin 1é bd sung (Additional Parity, AP).

Trong trudng hop nhu vay, cdc bit ch&n 1¢ bd sung c6 thé dugc chon trong sd
céc bit chin 16 LDPC duoc tao ra dwa vao thong tin bdo hiéu chi tiét cho tang L1
duogc truyén trong khung hién thoi, va duoc truyén dén thiét bi thu tin hiéu 200 trong

mdt khung dtng trede khung hién thoi, tire 1a khung trudce do.

Cu thd, thong tin bdo hiéu chi tiét cho tAng L1 dugc ma hod LDPC, va céc bit
chén 1& LDPC duogc tao ra b%mg cach ma hoia LDPC dugc gén vao thong tin bdo hiéu
chi tiét cho tAng L1 dé tao nén tir ma LDPC.

Ngoai ra, quy trinh duc 16 va rit gon dugce thuc hién trén tir ma LDPC, va tr ma
LDPC da duoc rit gon va duc 15 c6 thé dugc 4nh xa 1én mot khung s& dugc truyén
dén thiét bi thu tin hi¢u 200. Theo sdng ché, khi phuong phép 1ap duoc thuc hién theo

ché d6 twong tmg, thi tr ma LDPC di duge rit gon va duc 16 ¢4 th& ¢6 céc bit chin 1&
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LDPC duoc 13p lai.

Trong tredng hop nhu vay, thong tin béo hiéu chi tiét cho ting L1 twong tng voi
mdi khung c6 thé duoc truyén dén thiét bi thu tin hiéu 200 trong mi khung, cing véi
céc bit chin 1& LDPC. Vi du, tir ma LDPC da duogc rit gon va duc 15 chira thong tin
bdo hidu chi tiét cho tAng L1 tuong tmg v6i khung thir (i-1) c6 thé dugc 4nh xa 1én
khung thit (i-1) s& dwoc truyén dén thiét bi thu tin higu 200, va tir ma LDPC da dugc
rit gon va duc 15 chira thong tin bdo hiéu chi tiét cho ting L1 tuong tmg v6i khung

tht i ¢6 thé duoc 4nh xa 1én khung thit i s& duoc truyén dén thiét bi thu tin hiéu 200.

B0 tao bit chén 1& b sung 319 c¢6 thé chon it nhat mot s6 bit trong s6 céc bit
chén 16 LDPC duoc tao ra dua vao thong tin bdo hiéu chi tiét cho tAng L1 duogc

truyén trong khung thit i dé tao ra céc bit chin 1é bd sung.

Cu thé, mdt sé bit chin 16 LDPC duogc tao ra bang cach thuc hién buéc mad hod
LDPC trén thong tin bdo hi¢u chi tiét cho tﬁng L1 duoc duc 19, va sau d6, khong duoc
truyén dén thiét bi thu tin hidu 200. Trong trudng hop nhw vdy, b tao bit chan lé bd
sung 319 c6 thé chon it nhét mot s bit chin 1&¢ LDPC dugc duc 16 trong s6 cdc bit
chén 1¢ LDPC dugc tao ra bing céch thuc hién buéc ma hod LDPC trén thong tin bdo
hiéu chi tiét cho ting L1 dugc truyén trong khung tht i, tir d6 tao ra cdc bit chiin 1& bd

sung.

Ngoai ra, b tao bit ch&n 1& bd sung 319 ¢6 thé chon it nhAt mot s bit trong $6
céc bit chin 16 LDPC s& dugc truyén dén thiét bi thu tin hiu 200 trong khung thi i ¢

tao ra cac bit chan 1é bo sung.

Cu thé, céc bit chin 16 LDPC c6 trong tir ma LDPC da duoc rit gon va duc 16 s&
dugc 4nh xa 1én khung thir 1 c6 thé dugc tao nén chi c6 cic bit chin 1&¢ LDPC duoc
tao ra bing céch ma hod LDPC theo ché d twong tmg hogc céc bit chan 1¢ LDPC
duoc tao ra b.:?tng c4ch ma hoa LDPC va céc bit chan 1¢ LDPC duoc lap lai.

Trong trudng hop nhu vdy, bd tao bit ch&n 1& bd sung 319 c6 thé chon it nhat
mdt s6 bit trong sb céc bit chin 1é LDPC c6 trong tir md LDPC di duoc rit gon va

duc 15 s& duoc 4nh xa 1én khung thir i dé tao ra cic bit ch&n 16 bd sung.
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Cic bit chin 16 bd sung c6 thé dwgc truyén dén thiét bi thu tin hiéu 200 trong
khung ding trude khung thir i, tire 1a khung thi (i-1).

Pidu ndy c6 nghia 13, thiét bj truyén tin higu 100 c6 thé khdng chi truyén tir ma
LDPC di duoc it gon va duc 15 chita thong tin béo hiéu chi tiét cho tAng L1 tuwong
tmg v&i khung thir (i-1) ma con truyén céc bit chin 1é bd sung dugc tao ra dya vao
thong tin béo hiéu chi tiét cho tAng L1 dugc truyén trong khung thi i dén thiét bi thu
tfn hiéu 200 trong khung thir (i-1).

Trong trudng hop nhu vy, khung trong dé cdc bit chén 1& bd sung dugc truyén

c6 thé 13 khung truéc nhét tam thoi trong sb céc khung ding trude khung hién thoi.

Vi du, céc bit chin 1é bd sung c6 phién ban 16n/nh6 cua phan khoi dong gidng
nhu khung hién thoi trong s& c4c khung ding trude khung hién thoi, va co thé duogc

truyén trong khung truéc nhét tam thoi.

Trong mot s6 truong hop, bd tao bit ch&n 16 bd sung 319 ¢6 thé khong tao ra céc

bit chin 1& bo sung.

Trong trudng hgp nhu vay, thiét bi truyén tin hiéu 100 c6 thé truyén thong tin vé
viéc céc bit chin 1& bd sung cho thong tin bdo higu chi tiét cho tAng L1 trong khung
ké tiép dugc truyén trong khung hién thoi dén thiét bi thu tin hidu 200 s dung thong

tin bao hiéu co ban cho tAng L1 duoc truyén trong khung hién thoi.

Vi du, viéc st dung céc bit chén 1& bd sung cho thong tin bao hi¢u chi tiét cho
ting L1 trong khung ké tiép c6 phién ban 16n/nho cua phan khoi dong gidng nhu
khung hién thoi ¢6 th8 dugc bido hiéu thong qua truong
L1B_L1_Detail_additional_parity_mode trong thong tin bdo hi¢u co ban cho ting L1
cua khung hién thoi. Cu thé, khi trudong L1B_L1_Detail_additional_parity_mode
trong thong tin béo hiéu co ban cho ting L1 clia khung hién thoi dugc dat bang ‘00’,
thi céc bit chn 1& bd sung cho thong tin bdo hi¢u chi tiét cho tAng L1 trong khung ké

tiép khong dugc truyén trong khung hién thoi.

Nhu vay, @8 tang thém kha ning cta thong tin béo hiéu chi tiét cho tang L1, céc

bit chin 1& bd sung c6 thé dugc truyén trong khung ding trudc khung hién thoi ma
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thong tin bdo hiéu chi tiét cho tAng L1 trong khung hién thoi dugc truyén & trong do.

Fig.16 thé hién vi du trong d6 céc bit chén 1é b sung cho thong tin bdo higu chi
tiét cho tAng L1 trong khung thw i duoc truyén trong phe‘in mé& dau cia khung thi (i-
1).

Fig.16 thé hién ring thong tin béo hidu chi tiét cho tAng L1 truyén trong khung
thit i dugc phan doan ra thanh M khdi béng cich phén doan va mdi khdi da phan

doan dugc ma hod FEC.

Vi vay, s6 luong M tir ma LDPC, tirc 1a tir ma LDPC c6 céc bit thong tin LDPC
L1-D(@i)_1 va céc bit ch&n 1& cho tir mi L1-D@G)_1, ..., va tt md LDPC c6 céc bit
thong tin LDPC L1-D(@i)_M va céc bit chiin 1& cho tir ma L1-D(i)_M, dugc 4nh xa lén
khung thtr i s& dugc truyén dén thiét bi thu tin hiéu 200.

Trong trudng hop nhu vay, cic bit chén 1& bd sung duoc tao ra dwa vao thdng tin
béo hiéu chi tiét cho tAng L1 dugc truyén trong khung thw i c6 thé dugc truyén dén

thiét bi thu tin hiéu 200 trong khung thir (i-1).

Cu thé, c4c bit chin 1¢ bd sung, tirc 1a cdc bit AP cho tr md LI-D@)_L, ..., céc
bit AP cho tir mi L1-D(i)_M, duoc tao ra dya vao thong tin bdo hiéu chi tiét cho tAng
L1 duogc truyén trong khung thr i c6 thé dugc 4nh xa vao trong phan m& dau cia
khung thir (i-1) s& dugc truyén dén thiét bi thu tin hiu 200. Nho s dung cdc bit
chén 1& bd sung, c6 thé dat duoc @6 ting ich do phén tap cho thong tin bdo hiéu cho

tAng L1.
Phuong phép tao ra bit ch&n 1 bd sung s& dugc md ta dudi day.

B6 tao bit chin 1¢ bd sung 319 tinh s6 lugng tam thdi Np_emp bit chan 1é bd

sung dua vao biéu thirc 29 dudi day:

035 X KX (Nouter + Nldpc_parity - Npunc + Nrepeat )’
,K=0,1,2 (29)

Nup (emp = Min
Ap—temp {(N +N. +N

Idpc_ parity punc repeat )

, a, khia<b
Trong biéu thirc 29 néu trén, min (a,b) = .
b, khib<a
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Ngoai ra, K 1a ty s6 gifta sd lufqng bit chin 1& bd sung va téng sb bit cua khéi
thong tin bao hiéu chi tiét cho ting L1 dugc ma hod va duoc truyén (tirc 1a céc bit tao
nén khdi thong tin bdo hiéu chi tiét cho tﬁng L1 duoc 13dp lai, duc 15, va da loai bo cac
bit khéﬁg (tlrc 12 @3 dugc it gon)).

Trong trwong hop nhuw vdy, K  tuong Ung VvOi  truong
L1B_L1_Detail_additional_parity_mode trong thong tin bdo hiéu co ban cho tAng
L1. Trong d6, gid tri cua trudng L1B_L1_Detail additional_parity_mode lién quan
dn thong tin béo hiéu chi tiét cho tAng L1 ctia khung thir i (tirc 1a khung (#1)) c6 thé
duoc truyén trong khung thit (i-1) (tic 1a khung (#i-1)).

Nhu d néu trén, di véi thong tin béo hiéu chi tiét cho ting L1 theo cdc ché dd
2,3,4,5,6va7,vi phuohg phap 13p khong duoc thuc hién, cho nén trong biéu thirc
29 néu trén, Nyepear bang 0.

Ngodi ra, bo tao bit chin 1& bd sung 319 tinh s6 Tugng Nyp bit chgn 1 bd sung
dua vao bidu thirc 30 duéi ddy. Vi vay, sb luong Np bit chn 1¢ bd sung c6 thé 1a boi

sé ctia bac didu bién.
N em]
Ny = |\ AP e JXnMOD (30)
Mmop

Trong d6, | x| 1a s6 nguyén 16n nhét khong 16n hon x. Trong d6, Nvon 1a bac
didu bién. Vi du, khi thong tin bao hiéu chi tiét cho tAng L1 dugc diéu bién theo so dd
didu bién QPSK, 16-QAM, 64-QAM hoidc 256-QAM theo ché d twong tng, thi
Mmvop ¢6 thé 14n Tugt bang 2, 4, 6 hodc 8.

Nhu vay, s6 luong bit chén 1é bd sung dugce tao ra cé thé duoc xé4c dinh dya vao
téng sb bit duge truyén trong khung hién thoi.

Tiép theo, b tao bit chén 16 bd sung 319 c6 thé chon cdc bit voi s6 luong dtng
bing sb luong bit da tinh trong cdc bit chdn 1¢ LDPC @8 tao ra cdc bit chin 18 bd
sung.

Cu thé, khi s6 luong bit chin 16 LDPC dugce duc 15 bang hodc 16n hon s6 luong

bit chin 18 bb sung duoc tao ra, thi bd tao bit chin 1é bo sung 319 ¢d thé chon céc bit
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véi s6 lugng ding bang sb lwgng da tinh k& tr bit chin 1¢ LDPC du tién trong s céc

bit chin 1é LDPC duoc duc 16 dé tao ra céc bit ch&n 16 b6 sung.

Khi sé Tugng bit chin 1& LDPC duoc duc 16 nho hon s6 lugng bit chin 1¢ b
sung dugc tao ra, thi bo tao bit chén 16 bb sung 319 trude tién c6 thé chon tAt ca cdc
bit chin 1 LDPC duoc duc 13, va sau d6 chon thém céc bit véi s6 lugng ding bang
s6 lwong thu duoc sau khi 14y s6 lwgng bit ch&n 1& bd sung d tinh trir di s6 lwgng bit
chin 16 LDPC duoc duc 13, k& tir bit chin 16 LDPC dAu tién trong s6 céc bit chan 1¢

LDPC c6 trong tu md LDPC, dé tao ra cdc bit chin 1& bd sung.

Cu thé, khi phuong phép 13p khong dugc thyc hién, thi céc bit chan 1¢ LDPC c6
trong tir md LDPC 1dp lai 1a céc bit chin 1¢ LDPC dugc tao ra béng cach ma hoa
LDPC.

Trong trudng hgp nhu vay, bd tao bit ch&n 1& b sung 319 trudc tién c6 thé chon
¢4t ca cdc bit chin 16 LDPC dugc duc 15 va sau d6 chon thém cdc bit véi sb lugng
diing bang sb lugng thu dwoc sau khi 14y s Iugng bit ch&n 1¢ bd sung dugc tao ra trir
di s6 Tugng bit chin 1& LDPC dugc duc 13, ké tir bit chan 16 LDPC dAu tién trong sb
céc bit chidn 1¢ LDPC duogc tao ra b%mg cdch mi hod LDPC, dé tao ra céc bit chin 18
bb sung.

Theo séng ché, cdc bit chin 16 LDPC duoc tao ra bang cdch ma hod LDPC duoc
phan chia ra thanh cdc bit chan 16 LDPC khong dugc duc 1 va céc bit chén 1¢ LDPC
dwoc duc 15. Nho d6, khi céc bit duge chon ké tir bit dau tién trong s6 céc bit chin 18
LDPC duoc tao ra b%mg cdch mi hod LDPC, céc bit d6 c6 thé duoc chon theo thi tu
13n Tuot 1 céc bit chin 1&¢ LDPC khong dugc duc 15 va cdc bit chan 16 LDPC dugc
duc 16.

Khi phwong phép 1dp dugc thuc hién, thi cdc bit chin 1& LDPC c6 trong tir ma
LDPC Iap lai 12 céc bit chén 16 LDPC duoc 13p lai va céc bit chén 1¢ LDPC duoc tao
ra b%mg ciach ma ho4. Theo sang ché, céc bit chan 16 LDPC duoc 1ap lai nam & gitta
cé4c bit thong tin LDPC va céc bit chin 1¢ LDPC dugc tao ra bang cdch ma hod
LDPC.

Trong trudong hop nhu vy, bd tao bit ch&n 1é b6 sung 319 trudc tién c6 thé chon
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tAt ca céc bit chn 18 LDPC dugc duc 15 va sau d6 chon thém cac bit v6i s6 luong
diing bang s6 lugng thu dugc sau khi 14y s6 lwong bit chin 18 bd sung trix di s6 luong
bit chin 16 LDPC duoc duc 13, ké tir bit chin 1¢ LDPC dau tién trong sb céc bit chin
16 LDPC duoc 13p lai, @8 tao ra cac bit chén 1& bo sung.

Theo séng ché, khi céc bit dugc chon k& tir bit dAu tién trong s céc bit chin 1é
LDPC duoc lap lai, cac bit d6 c6 thé duoc chon theo thi tw 14n Tuot 12 céc bit 13p va
céc bit chin 1& LDPC duoc tao ra bing cdch ma hod LDPC. Ngoai ra, cdc bit d6 c6
thd dwoc chon theo thi ty 1An lugt 1a céc bit chin 1¢ LDPC khong dugc duc 15 va céc
bit chin 1¢ LDPC dugc duc 15, trong s6 c4c bit chin 1&é LDPC duogc tao ra b?mg cach
mi hod LDPC.

Phuong phdp tao ra bit ch&n 1¢ bd sung theo cdc phwong 4n lam vi du thuc hién
séng ché s& dugc md ta chi tiét dudi day dwa vao céc hinh v& tir Fig.17 dén Fig.19.

Fig.17 dén Fig.19 12 cdc so dd thé hién phuong phép tao ra bit chin 1¢ bd sung
khi phwong phép lap duoc thuc hién, theo cac phuong 4n 1am vi du thyc hién sang

+N —1) Cé

N inner repeat

ché. Trong truong hop nhu vay, tir ma LDPC 1dp lai V = (Vo Viy eees V
thé duoc biéu dién nhu dugc thé hién trén Fig.17.

Trudc hét, khi Nxp < Npune, nhur duoc thé hién trén Fig.18, bo tao bit chan 1¢ bd
sung 319 ¢6 thé chon N p bit ké tir bit chin 1¢ LDPC dAu tién trong s c4c bit chan 16
LDPC dugc duc 15 dé tao ra cic bit ch&n 16 bd sung.

Vi vy, dé ding 1am cdc bit chin 1 bd sung, c6 thé chon céc bit chin 1¢ LDPC

M }\ N pd
e . Diéu n
repeat +Ninner —Npunc ? v Nrepeat +Ninner —Npunc +1? ’ v Nrepeat+Ni.nner _Npunc —NAP -1 ) cu ay co

duge duc 16 (v,
nghia 13, b tao bit chin 1¢ bd sung 319 ¢6 thé chon Np bit k& tir bit dAu tién trong sb

céc bit chin 1é LDPC dugc duc 15 dé tao ra céc bit ch&n 16 bd sung.

Ngoai ra, khi Nap > Npunc, nhu duogc thé hién trén Fig.19, bd tao bit chén 1 bd
sung 319 chon tt ca c4c bit chin 1& LDPC dwoc duc 16.

Vi vy, dé ding 1am cdc bit chin 1é bd sung, c6 thé chon tht ca céc bit chin 1&

LDPC duqc duc 10 ( VNrepeat+Ni:mcr _Npunc ? VNrcpeat+Ninner —Npunc 1ot VNrepeat+Nir\ner -1 )'
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Ngoai ra, by tao bit chin 1& bd sung 319 c6 thé chon thém Nap — Npyne bit dau
tién trong s6 cdc bit chin 16 LDPC gdm ¢6 cdc bit chin 1¢ LDPC dugc 13p lai va céc
bit chin 1¢ LDPC dugc tao ra bang cich ma hod LDPC.

Diéu nay c6 nghia 13, vi céc bit chin 1¢ LDPC duogc 13p lai va céc bit chin 1&
LDPC duoc tao ra béng céch ma hod LDPC duogc sép xép tuln tw, cho nén bo tao bit
chin 16 bd sung 319 c6 thé chon thém Np — Npune bit chiin 1& ké tir bit chan 1é LDPC

dAu tign trong s cdc bit chin 1é LDPC dugc 13p lai.

Vi vdy, dé diing 1am céc bit chin 1 bd sung, c6 thé chon thém céc bit chin 1&

LDPC (VKldpc ’ VKldpc+1’ e VKldpc+NAP‘Npunc—1 )
Trong trudng hop nhu vy, b tao bit chan 1¢ bd sung 319 c6 thé gan céc bit da

chon thém vio céc bit da chon trudc d6 dé tao ra cic bit ch&n 1& bd sung. Diéu nay c6
nghfa 13, nhu duoc thé hién trén Fig.19, b tao bit chin 1& bb sung 319 c6 thé gan cdc
bit chin 1&¢ LDPC di chon thém vao c4c bit chén 1&é LDPC dugc duc 15 d@é tao ra céc

bit chan 1é bd sung.
Vi vay, dé dung lam céc bit chan 18 b6 sung, c6 thé chon céc bit (vqu)eatJme_Nmc ,

VNrepeat"'Ninner—Npunc"'l > VNrepeat+Nixmer -1 VKldpc ’ Vchlpc"'1 > VKldpc+'NAP_Npun_c_1 )'

Nhur vay, khi s6 luong bit duoc duc 16 bﬁng hodc 16n hon s6 lugng bit ch&n 16 bd
sung, thi céc bit ch&n 1& bd sung c6 thé duoc tao ra bang cach chon cic bit trong 56
cdc bit duoc duc 15 dwa vao thir ty duc 18. Mat khéc, trong nhiing trudng hop khic,
c4c bit ch&n 1& bd sung c6 thé duogc tao ra bang cach chon tht ca cic bit duoc duc 16

v2 Npp — Npune bit chén 1€.

Vi Niepear = 0 khi phuong phdp 1ap khong duoc thuc hién, cho nén phuwong phap
tao ra bit chiin 1 bd sung khi phuong phap 1dp khong dwoc thuc hién giéng nhu trong
trueong hop Nrepear = 0 dugc thé hién trén céc hinh v& tir Fig.17 dén Fig.19.

Cac bit chén 1& bd sung'clé thé duogc dan xen bit, va ¢ thé duoc 4nh xa 1én chom
diém. Trong trudong hop nhu vay, chom didm cho céc bit chin 1& bd sung c6 thé dugce
tao ra bang phuong phép gidng nhu chdom diém cho céc bit thdng tin bdo hiéu chi tiét
cho tang L1 duoc truyén trong khung hién thoi, trong d6 céc bit thong tin bdo hiéu
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chi tiét cho tﬁng L1 duogc lap lai, duc 15 va d3 loai bo céc bit khéng. Ngoai ra, nhu
duoc thé hién trén Fig.18, sau khi dugc 4nh xa 1én chom diém, céc bit chin 1& bd
sung c6 thé dugc gén vao phia sau khdi thong tin bao hiéu chi tit cho ting L1 trong
khung dtng trude khung hién théi ma thong tin bdo hiéu chi tiét cho tang L1 trong

khung hién thoi dugce truyén & trong dé.

B0 tao bit chin 1& bd sung 319 ¢6 thé xut ra c4c bit chin 1& bd sung dé cung clp

cho bd phan kénh bit 323.

Nhu ¢4 duwoc md ta trén ddy dua vao bang 10 va bang 11, mau dan xen theo don

vi nhém xéc dinh thtt tw hodn vi c6 thé c6 hai mau: mAau thir nhat va mau thi hai.

Cu thé, vi gi4 tri B trong bidu thirc 25 néu trén biéu thi d6 dai nho nhét cia céc
bit chin 16 LDPC duoc duc 18, cho nén mot sb lugng bit dinh truée 6 thé ludn ludn
duoc duc 15 phu thudc vao gid tri B, bat ké do dai cia thong tin bdo hiu dau vao. Vi
du, trong thong tin béo hiéu chi tiét cho tAng L1 theo ché d6 2, vi B = 6036 va nhom
bit gdbm c6 360 bit, cho nén ngay ca khi d6 dai rdt gon bang 0, van c6 it nhét

[6036

60 J —16 nhém bit ludn ludn duogc duc 15.

Trong trudng hop nhu vy, vi phuong phdp duc 15 duogc thuc hién ké tir bit chdn
16 LDPC cubi ciing, cho nén sb lwong nhom bit dinh truée ké tir nhém bit cubi cling
trong $6 cdc nhém bit tao nén cdc bit chiin 1&¢ LDPC duoc dan xen theo don vi nhém

¢6 thé Iudn ludn dugc duc 18 bat ké do dai rdt gon.

Vi du, trong thong tin bdo hiéu chi tiét cho tang L1 theo ché d6 2, 16 nhém bit
cudi ciing trong s6 36 nhém bit tao nén céc bit chin 1¢ LDPC dugc dan xen theo don

vi nhém c6 thé ludn ludn duoc duc 10.

Do d6, mot sé miu dan xen theo don vi nhém dé xdc dinh thir tu hodn vi c6 céc
nhém bit ludn ludn duge duc 15, va vi vay, mau dan xen theo don vi nhém cé thé
duoc phﬁn chia ra thanh hai mAu. Cu thé, mot mAau xdc dinh cdc nhém bit con lai,
ngoai trir cdc nhém bit ludn lubn duge duc 19, trong méau dan xen theo don vi nhém
duoc goi 1a m3u tht nhat, va mot miu x4c dinh céc nhém bit ludn ludn duge duc 15

duoc goi 1a miu thit hai.
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Vi duy, trong thong tin bdo hiéu chi tiét cho ting L1 theo ché d6 2, vi miu dan
xen theo don vi nhém duge xdc dinh nhu & trong bang 9 néu trén, nén mau biéu thi
chi s cta cdc nhém bit khong dwgc dan xen theo don vi nhom va ndm & trong cic
nhém bit tir nhém bit thir 9 dén nhém bit thir 28 sau khi dan xen theo don vi nhom,
tire 12 Yo = Xpo) = Xo» Y10 = Xap10) = Xs1, Y11 = Xpan) = X235 ++vs Y26 = Xnps) = X17,
Y27 = Xoiany = X35, Yas = Xupag) = X1 €6 thé 12 mau thir nhat, va mau bidu thi chi s
ctia cac nhém bit khong duoc dan xen theo don vi nhém va nam & trong cdc nhém bit
tir nhém bit thit 29 dén nhém bit thir 44 sau khi dan xen theo don vi nhém, tic la
Yoo =.an(29) = X0, Y30= an(30) =Xos, Y31 = an(31) =X, -e Y= Xﬂ:p(42) = X3,
Yas = Xinpias) = Xao» Yas = Xnpiaay = Xa €6 thé 12 mau thit hai.

Nhu di néu trén, miu th hai xdc dinh cdc nhém bit fudn fudn duoc duc 15 trong
khung hién thoi bét ké do dai rdt gon, va mau thir nhit x4c dinh cdc nhém bit dugc
duc 15 thém khi @6 dai it gon 16n, cho nén mAu thir nhét c6 thé dugc str dung dé xé4c

dinh c4c bit chén 16 LDPC duoc truyén trong khung hién thoi sau khi duc 16.

Cu thé, theo sb Tugng bit chin 1¢ LDPC duogc duc 16, ngoai céc bit chén 1¢ LDPC

lu6n ludn dugc duc 15, con cb cdc bit chin 1¢ LDPC nita c6 thé dugc duc 16 thém.

Vi du, trong thong tin béo hiéu chi tiét cho tang L1 theo ché @5 2, khi sb lwong
bit chin 16 LDPC duoc duc 15 bing 7200, 20 nhém bit dwoc duc 16, va do dé, c6 bbn

(4) nhém bit dugce duc 15 thém, ngoai 16 nhém bit ludn ludn duoc duc 16.

Trong trudng hop nhu vay, bdn (4) nhém bit duge duc 15 thém tuong ‘ng vdi
cdc nhém bit ndm & cdc vi trf tir vi trf thi 25 dén vi trf thir 28 sau khi dan xen theo
don vi nhém, va vi cdc nhém bit nay duge xéc dinh theo mau thir nhét, tic 12 thudc
v& mAu thir nhat, cho nén miu thir nhét ¢6 thé duoc str dung dé x4c dinh cdc nhom bit

duoc duc 16.

Diéu nay c6 nghia 1, khi céc bit chén 1é LDPC duoc duc 16 nhiéu hon gid tri
nho nhét ciia s6 luong bit chin 16 LDPC dugc duc 15, thi cdc nhém bit duge duc 16
thém duogc x4c dinh 14 cdc nhém bit nim & phia sau cdc nhém bit ludn ludn duogc duc
18. Vi vay, theo chiu duc 186, mau thir nhét x4c dinh cdc nhém bit ndm & phia sau cic

nhém bit ludn ludn dugc duc 16 cé thé duge coi 1a mau xac dinh cdc nhom bit dugc
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Ch_lc 13.

Piéu nay ¢6 nghia 13, nhu trong vi du néu trén, khi s6 Twong bit chin 1¢ LDPC
duoc duc 16 bﬁlng 7200, ngoai 16 nhém bit ludn ludn duoc duc 18, ¢6 bén (4) nhém
bit, tirc 1a cdc nhém bit nim & vi tef thir 28, vi trf thir 27, vi trf thir 26 va vi tri thit 25,
sau khi thuc hién buéc dan xen theo don vi nhém, duoc duc 16 thém. Theo séng ché,
cdc nhém bit nim & cdc vi trf tir vi trf thir 25 dén vi trf thir 28 sau khi dan xen theo

don vi nhém duoc xac dinh theo mau thit nhét.

Do d6, mAu thir nhét c6 thé dugc coi 1a ding dé x4c dinh céc nhém bit duge duc
15. Ngoai ra, c4c bit chdn 1¢ LDPC con lai, ngoai trir céc bit chén 1¢ LDPC duogc duc
13 dugc truyén trong khung hién thdi, va vi vay, mau thir nhét c¢6 thé dugce coi 12 ding

dé x4c dinh céc nhém bit dugc truyén trong khung hién thoi.

M3u thit hai c6 thé duoc dung chi d& xdc dinh cac bit chin 1¢ bd sung dugc

truyén trong khung trudc do.

Cu thé, vi cdc nhém bit dugc xéc dinh 13 lubn ludn dugc duc 18 s& ludn ludn
duoc duc 16, va sau d6, s& khong duge truyén trong khung hién thoi, cho nén cac
nhém bit nay chi cin duogc dat vao vi trf ma ¢ d6 dat céc bit 1udn ludn duoc duc 16
sau khi dan xen theo don vi nhém. Vi vay, khong can quan tim dén vi tri ma & d6 dat

c4c nhém bit nay sau khi dan xen theo don vi nhém.

Vi du, trong thong tin bo hiéu chi tiét cho ting L1 theo ché d6 2, cdc nhém bit
duoc @it & vi tri thi 20, vi trf thir 24, vi trf thi 44, ..., vi trf thi 28, vi trf thir 39 va vi
trf thtr 42 trudc khi dan xen theo don vi nhém chi can dugc dit vao céc vi tri tir vi tri
thir 29 dén vi trf thir 44 sau khi dan xen theo don vi nhom. Vi vay, khong can quan
tAm dén vi trf ma & d6 dit cdc nhom bit nay.

Nhu vay, mau tht hai xdc dinh cdc nhém bit ludn luén duoc duc 16 dugc dung
chi dé x4c dinh cic nhém bit dugce duc 16. Vi vay, viéc xdc dinh tht tw ctia cdc nhom
bit trong mAu thr hai khdng c6 § nghia dbi véi phuong phép duc 18, va do d6, mau
thit hai x4c dinh cdc nhém bit ludn ludn duge duc 16 ¢6 thé dugc coi 1a khong duoc

diing cho phuong phép duc 16.
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Tuy nhién, d¢ xdc dinh céc bit chn 18 bo sung, thi vi trf clia cac nhém bit ludén

1ubn duoc duc 13 trong cdc nhém bit nay s& duge xem Xét.

Cu thé, vi c4c bit chin 1¢ bd sung duge tao ra bang c4ch chon céc bit vdi sO
lugng dung béng sb lwong dinh trudce k& tir bit dAu tién trong sd c4c bit chin 1é LDPC
duogc duc 18, cho nén ¢6 thé chon cic bit ¢6 trong it nhét mot s& nhém bit ludn ludn
dwoc dyc 15, dé diing 1am it nh4t mot sb bit trong sb cac bit chin 1& bd sung, tuy thude

vao s6 lwong bit chén 1¢ LDPC duoc duc 13 v sb luong bit chén 1¢ bd sung.

Diéu nay c6 nghia 13, khi cic bit ch&n 16 b6 sung dugc chon nhiéu hon nhém bit
duoc xac dinh theo mau thir nhit, vi cdc bit chén 1é bd sung dugc chon tun tu k& tr
phin dAu ciia mAu thir hai, cho nén thir tw ctia cdc nhom bit thude méau thr hai c6 §
nghiia dbi véi viéc chon céc bit chén 1é bd sung. Do do, mau thtt hai x4c dinh nhém
bit Tu6n 1udn dugc duc 18 c6 thé dugc coi 1a ding @€ xéc dinh céc bit chin 1& bd sung.

Vi du, trong thong tin bdo hiéu chi tiét cho tng L1 theo ché @6 2, tong sb bit
chin 1&¢ LDPC bing 12960 va s6 lugng nhom bit ludn ludn dugc duc 15 bang 16.

Trong trudng hop nhu vay, mau thit hai c6 thé dwoc ding dé tao ra céc bit chén
1& bd sung tuy thudc vao viéc gid tri thu duoc sau khi léy s6 lugng cua tAt ca céc bit
ch¥n 16 LDPC trir di s6 Irong bit chin 1é LDPC dugc duc 16 va cong két qua thu duge
cua phép tru nay voi s6 lugng bit chan 18 bd sung c6 phai 1 16n hon 7200 hay khong.
Theo séng ché, 7200 12 s lwong bit chin 18 LDPC c6é trong cdc nhém bit con lai,
ngoai trir cic nhém bit ludn ludn duoc duc 18, trong sd c4c nhom bit tao nén céc bit
chin 1¢ LDPC. Didu nay c6 nghia 13, 7200 = (36-16)x360.

Cu thé, khi gié tri thu dwoc sau phép trir va phép cdng néu trén bang hodc nho
hon 7200, titc Ta 12960 — Nyue + Niap < 7200, thi céc bit chén 1é bo sung ¢ thé duoc
tao ra theo mAu tht nhit.

Tuy nhién, khi gid tri thu dugc sau phép trir va phép cong néu trén 16n hon 7200,
fitc 12 12960 — Npuao + Niap > 7200, thi céc bit chiin 1& bd sung c6 thé dugc tao ra theo
mﬁuuthﬁnhét va mau thir hai.

Cu thé, khi 12960 — Npyne + Nap > 7200, thi c6 thé chon céc bit ¢6 trong nhém
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bit ndim & vi trf thir 28 ké tir bit chin 1& LDPC dau tién trong s& céc bit chén 1¢ LDPC
duoc duc 16, va c6 thé chon céc bit ¢c6 trong nhém bit nam & vi trf dinh trude so véi vi

trf thit 29, d& ding 1am céc bit chin 18 bd sung.

Theo sing ché, nhém bit ma trong d6 c6 bit chin 1é LDPC dau tién trong s6 cdc
bit chin 1¢ LDPC duogc duc 16 va nhém bit (tirc 1a nhém bit ma trong d6 c6 cac bit
chén 16 LDPC duwoc chon cudi ciing khi chon tudn ty ké tir bit chin 16 LDPC dau tién
trong 6 céc bit chin 16 LDPC duoc duc 16) & vi trf dinh trude c6 thé duogc xdc dinh
theo sb luong bit chin 16 LDPC dugc duc 16 va s Twong bit chin 1¢ bd sung dugc tao

ra.

Trong trudng hop nhu vy, nhém bit ndm & vi trf thir 28 ké tlr bit chén 1¢ LDPC
dAu tién trong sé cdc bit chin 16 LDPC dugc duc 16 dwoce xdc dinh theo mAu thir nhét,
va nhém bit ndm & vi tri dinh truéc so voi vi trf thir 29 duoc xéc dinh theo mau thir
hai.

Nh& d6, céc bit chan 18 bd sung dugc xdc dinh theo mAu tht nhit va mau tha
hai. |

Nhur vy, miu thit nhét ¢6 thé duge ding dé xdc dinh céc bit chn 1¢ bd sung
duoc tao ra ciing nhu céc bit chn 1¢ LDPC dugc duc 16, con mAu thit hai c6 thé dugc
dung dé x4c dinh céc bit chiin 1¢ bd sung duge tao ra va cic bit chén 1¢ LDPC ludn
lubn duoc duc 15, bit k& sb luong bit chin 1é dugc duc 16 bing c4c bd phan duc 15

217 va 318.

Vi du néu trén md ta r%mg mau dan xen theo don vi nhém c6 mAu tht nhét va
mau th hai, nhung vi du d6 chi la 8 cho d& hiéu vé phuong phdp duc 16 va phuong
phép tao ra bit chin 1¢ bd sung. Diéu nay c6 nghia I3, mau dan xen theo don vi nhém
c6 thé duoc coi 1a mot mAu khong ¢4 sy phan chia ra thanh mau th@ nhit v mau thi
hai. Trong trudng hop nhu vy, thao téc dan xen theo don vi nhém c6 thé dugce coi la
duoc thuc hién theo mot mAu ddi véi ca phuong phéap duc 15 13n phuong phdp tao ra
bit chin 1& bd sung.

Céc gi tri dugc sit dung trong vi du néu trén nhu sb luong bit chin 16 LDPC
duoge duc 18 chi dugce coi 1a vi du.
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Cé4c bd phan loai bo bit khong 218 va 321 ¢o thé loai bo c4c bit khong dugc dém
vao bz‘ing cdc bd dém bit khong 213 va 314 ra khoi céc tit ma LDPC duoc XUuAt ra tir
céc bd phan duc 15 217 va 318, va xuét ra céc bit con lai dé cung cép cho céc bd phan

kénh bit 219 va 322.

Theo séng ché, budc loai bod céc bit khong khong chi c6 loai bo céc bit khong
duoc dém vao ma c6 thé con cb xuét ra céc bit con lai, ngoai trir cdc bit khong duoc

dém vao, trong cic tt ma LDPC.

Cu thé, céc bo phén loai bo bit khong 218 va 321 ¢6 thé loai b6 Kigpe — Nouer bit
khong dugc dém vao béng céc bo dém bit khong 213 va 314. Vi vay, Kidpe — Nouger bit
khong duoc dém s& dugc loai bo, va do d6, c6 the khong duoc truyén dén thiét bi thu

tin hiéu 200.

Vi du, nhu duge thé hién trén Fig.20, gia sir ring tit ca céc bit trong nhém bit
thtr nhat, nhém bit thir tw, nhém bit thir nam, nhém bit thtr bdy va nhém bit thir tdm
trong s6 nhidu nhém bit tao nén tir ma LDPC dugc dém bing céc bit khong, va mot
s6 bit trong nhém bit thir hai dugc dém bang céc bit khong.

Trong trudng hop nhu vay, cdc bd phén loai bo bit khong 218 va 321 ¢6 thé loai
bo céc bit khong da duge dém vao nhém bit th nhat, nhém bit thir hai, nhém bit thi

tur, nhém bit tht ndm, nhém bit thir bay va nhém bit thir tdm.

Nhu vay, khi cdc bit khong dugc loai bo, nhu duoc thé hién trén Fig.20, c6 thé
con lai trt ma LDPC gbm c6 Ky, bit thong tin (tic 1a K, bit thong tin bdo hiéu co ban
cho tAng L1 hoic Ky, bit thong tin béo hiéu chi tiét cho tAng L.1), 168 bit kidm tra
chin 16 BCH (tiic 1a BCH FEC), va Nipner — Kiape — Npune hodc Ninner — Kidape —

Nipune + Niepear bit chén 1&.

Pidu niy c6 nghia 13, khi phuong phap 1ap dugc thuc hién, thi do dai cua tat ca
céc tr ma LDPC 1a Nggc + Nyepear: LTONZ d6, Negc = Nouter + Nidpe_parity — Npune- Tuy
nhién, & ché @6 ma trong d6 phuong phép 1ap khong dugc thuc hién, thi 6 dai cua tht

ca cac tr ma LDPC 12 Nggc.

Céc bo phan kénh bit 219 va 322 c6 thd dan xen cac bit dwoc xut ra tir cdc bd
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phan loai b bit khong 218 va 321, phan kénh cho céc bit d3 dan xen, va sau d6 xuét

ra cac bit nay dé cung cép cho céc bd dnh xa chom diém 221 va 324.

Nhim muc dich nay, cdc bd phan kénh bit 219 va 322 c6 thé c6 b phan dan xen
khdi (khong dugc thé hién trén hinh v&) va bo phan kénh (khong duogce thé hién trén
hinh v&).

Truée hét, so dd dan xen khdi duoc 4p dung trong bd phén dan xen khéi duogc
th8 hién trén Fig.21.

Cu thé, céc bit c6 do dai b%mg Negc ho#ic Nege + Niepear & phia sau céc bit khong
duoc loai bd ¢cb thé duoc ghi tudn tu theo ting cdt vao bo phan dan xen khéi. Theo
sang ché, s6 lugng cdt ctia bd phan dan xen khéi twong dwong véi bac didu bién va sb
lurong hang bang Nrgc/Mmop hodc (Negc + Niepeat)/MMOD-

Ngoai ra, & thao tic doc, cdc bit cho mot ky hiéu chom didm c6 thé dugc doc
tudn tu theo huéng hang duoc nhap vao bd phan kénh. Thao tdc nay c6 thé dugc tiép
tuc thuc hién dén hang cudi cing ctia cdt.

Piéu nay c6 nghia 13, Nggc hosic (Ngpc + Niepear) bit ¢0 thé duge ghi vao nhidu cdt
theo huéng cot ké tir hang thir nhit cita cdt thir nhat, va cdc bit da ghi vao nhiéu cot
duge doc tudn ty tir hang thir nhit dén hang cudi cling ctia cdc cdt theo hudng hang.
Trong trudng hgp nhu vy, cédc bit duge doc trong cing mdt hang c6 thé tao nén mot
k¢ hiéu diéu bién.

B6 phan kénh c6 thé phan kénh cho cdc bit dugc xuét ra tir bd phan dan xen
khéi.

Cu thé, bo phan kénh c6 thé phan kénh cho timg nhém bit dugc dan xen khdi,
tirc 1a c4c bit duoc xuit ra khi doc cing mot hang béng bd phén dan xen khéi trong

nhém bit theo don vi bit, trudc khi céc bit dugc dnh xa 1én chom diém.
Trong trudng hop nhu vay, c6 thé c6 hai quy thc 4nh xa theo béc diéu bién.

Cu thé, khi so dd didu bién QPSK dugc dp dung dé didu bién, vi do tin ciy cla
céc bit trong mot ky hiéu chom diém 13 nhu nhau, nén bd phan kénh khong thyc hién

thao tdc phan kénh trén mot nhém bit. Vi vay, nhém bit duoc doc va xuét ra tir bd
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phan dan xen khéi c6 thé dugc 4nh xa Ién ky hiéu QPSK ma khong cAn c6 thao téc
phan kénh.

Tuy nhién, khi so dd diéu bién bic cao dugc 4p dung, thi by phan kénh c6 thé
thuc hién thao tdc phan kénh trén nhém bit dugc doc va xuét ra tir bd phén dan xen
khéi dira vao bidu thirc 31 dwéi day. Didu nay c6 nghia 12, mot nhém bit c6 thé duogc

4nh xa 1én ky hiéu diéu bién QAM dya vao biéu thirc 31 dudi day:

Sdemux_in = 10i(0), bi(1), bi(2), ..., bi(Mmop—1)},
Sdemux_outy = 1€i(0), ci(1), ¢i(2), ..., ciMmoo—D } (31)
¢i(0) = bi(i%Mmop), ¢i(1) = bi((i+1)%Mwmop)s --+» Ci(Nmop—1) = bi((i+Mmop—1)%Mmob)

Trong bieu thic 31 néu trén, % la phép toan moduld, va nyop 12 bac diéu bién.

7
o)

Ngoai ra, i 1a chi s6 ctia nhém bit twong tmg véi chi sO hang ciia by phén dan
xen khdi. Diéu nay c6 nghia 13, nhém bit dau ra Sgemux_outt) duogc 4nh xa 1én mdi ky
hiéu diéu bién QAM c6 thé dugc dich chuyén tuan hoan vé&i khoang cach Sgemux_inG)

theo chi s6 ctia nhém bit i.

Fig.22 thé hién vi du vé phuong phép thuc hién thao tac phén kénh bit trén chom
didm khong dong ddu didu bién c6 16 diém (16-Non Uniform Constellation,
16-NUC), tuc 1a chom diém NUC 16-QAM. Thao t4c nay c6 thé duoc tiép tuc thuc
hién cho téi khi tit ca cdc nhom bit dugce doc trong bo phan dan xen khéi.

B phan kénh bit 323 c6 thé thuc hién thao tdc, giong nhu thao tc dugc thuc
hién bing céc bd phan kénh bit 219 va 322, trén cac bit chin 1& bd sung dugc xuét ra
tir b tao bit chin 1& bd sung 319, va xuat ra cc bit dd dugc dan xen khéi va phan
kénh d& cung cip cho bd 4nh xa chdom diém 325.

Céc bb 4nh xa chdom didm 221, 324 va 325 c6 thé 1an luot dnh xa cdc bit duge
xuét ra tir c4c bd phan kénh bit 219, 322 va 323 1én cdc ky hiéu chom diém.

Pidu ndy c6 nghia 13, mdi bo anh xa chom diém 221, 324 va 325 ¢6 thé 4nh xa
k¥ hieu Syemux_outcy 160 mot tir & bing cach sir dung chom diém theo ché dd twong tng.
Theo sang ché, ky hidu Suemux_outgy €O thé duoc tao ra gém ¢ chc bit voi sb luong

diing bang béc diéu bién.
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Cu thé, cic bd 4nh xa chom diém 221, 324 va 325 ¢6 thd 4nh xa céc bit duoc
xuAt ra tir céc bd phan kénh bit 219, 322 va 323 1én céc ky hi¢u chom diém bang cich
4p dung so dd didu bién QPSK, 16-QAM, 64-QAM, 256-QAM, v.v., theo ché o
twong ung.

Trong trudng hop nhu vay, cic bd 4anh xa chom didm 221, 324 va 325 c6 thé sir
dung chdm diém NUC. Diéu ndy c¢6 nghia 12, cdc b dnh xa chom diém 221, 324 va
325 ¢6 thé st dung chom diém NUC 16-QAM, NUC 64-QAM hotic NUC 256-QAM.
Trong d6, so dd didu bién dé 4p dung cho thong tin bdo hiéu co ban cho ting L1 va
thong tin bdo hidu chi tiét cho tAng L1 theo ché d6 twong tmg dugc thé hién trong

bang 5 néu trén.

Thiét bi truyén tin hiéu 100 c6 thé 4nh xa céc ky hiéu chom diém 1én khung va

truyén céc k¢ hiéu da duoc 4nh xa dén thiét bi thu tin hiéu 200.

Cu thd, thiét bi truyén tin hiéu 100 c6 thé 4nh xa céc ky hiéu chom diém twong
{ing v6i mdi thong tin béo hi¢u co ban cho tAng L1 va thong tin bdo hiéu chi tiét cho
tang L1 dugc xuét ra tir cdc bd 4nh xa chom didm 221 va 324, va 4nh xa céc ky hi€u
chom diém tuong ung véi céc bit ch&n 1& bd sung duoc xuét ra tir bd d4nh xa chom
didm 325 1én ky hidu trong phan mé dau cua khung.

Trong trudng hop nhu vay, thiét bi truyén tin hiéu 100 c6 thé 4nh xa c4c bit chén
1& bd sung duge tao ra dwa vao thong tin bdo hiéu chi tiét cho tang L1 dugc truyén

trong khung hién thoi 1én khung dung trude khung hién thoi.

Pidu nay c6 nghia 13, thiét bi truyén tin hiéu 100 c6 thd 4nh xa cdc bit tir ma
LDPC chtra thong tin bao hiéu co ban cho tAng L1 twong tmg véi khung thu (i-1) Ién
khung thit (i-1), 4nh xa cdc bit tir ma LDPC chira thdng tin bdo hiéu chi tiét cho ting
L1 twong ung v6i khung thir (i-1) 1én khung tht (i-1), va 4nh xa thém céc bit chén 1&
bd sung da tao ra dugc chon trong & céc bit chin 1¢ LDPC duoc tao ra dya vao thong
tin bdo hiéu chi tiét cho tAng L1 twong tng véi khung thir i 1én khung thir (i-1) va c6
thé truyn céc bit da duoc 4nh xa dén thiét bi thu tin hiéu 200.

Ngoai ra, thiét bi truyén tin hiu 100 c6 thé 4nh xa dit liéu 1én céc ky hiéu dit
lidu ciia khung, ngoai thong tin béo hiéu cho tang L1, va truyén khung chira thong tin
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bdo hidu cho tAng L1 va dit liéu dén thiét bi thu tin hiéu 200.

Trong trudng hop nhu vay, vi thong tin b4o hiéu cho ting L1 chira thong tin bdo
hiéu lién quan dén dit liéu, nén thong tin bdo hi¢u lién quan dén dit liéu twong ung
véi timg dit lidu ¢ thé dugc 4nh xa vao trong phin m& dau cta khung tuong tmg. Vi
du, thiét bi truyén tin hiéu 100 c6 thé 4nh xa thong tin bdo hiéu cho thng L1 chira
thong tin bdo hiéu lién quan dén dit litu duoc anh xa 1én khung thir i, vao trong

khung tht 1.

Nho d6, thiét b thu tin hiéu 200 c6 thé st dung thong tin bdo hiéu thu dugc fr

khung dé thu dit liéu tir khung twong tmg dé xi 1y.

' Fig.23 va Fig.24 1a c4c so dd khéi thé hién cAu hinh ciia thiét bi thu tin hiéu theo

phuong 4n lam vi du thuc hién sang ché.

Cu thé, nhu dugc thé hién trén Fig.23, thiét bi thu tin hi¢u 200 c6 thé bao gébm
bo khir 4nh xa chom diém 2210, bd ddn kénh 2220, bd phan chén giad tri ty ) hop ly
dang loga (Log-Likelihood Ratio, LLR) 2230, bd phén két hop LLR 2240, bd phan
khir hoan vi chdn 1& 2250, bo giai ma LDPC 2260, bd phan loai bo bit khong 2270, bo
giai ma BCH 2280 va bd phan khir xdo tron 2290 dé xir 1y thong tin bdo hiéu co ban
cho tang L1.

Ngoai ra, nhu dugc thé hién trén Fig.24, thiét bi thu tin hiéu 200 c6 thé bao gém
c4c bd khir 4nh xa chom didm 2311 va 2312, c4c bd ddn kénh 2321 va 2322, bo phan
chen LLR 2330, bd phén két hop LLR 2340, bo phan khir hoan vi chin 1& 2350, bd
giai ma LDPC 2360, bd phan loai bo bit khong 2370, bd giai ma BCH 2380, bd phan
khit x40 tron 2390 va bd phan khir phan doan 2395 dé xir 1y thong tin bdo hiéu chi
tiét cho tang L1.

Theo séng ché, cdc bd phan dugc thé hién trén Fig.23 va Fig.24 14n luot 12 cédc
bd phan thyc hién céc chirc néng tuong tmg v6i chitc ndng cua c4c bd phan dugc thé
hién trén Fig.7 va Fig.8, nhung d6 chi 1a mdt vi du, va trong mot sb truong hop, mot
s6 bd phan c6 thé duoc loai bé hodc thay déi, va céc b phan khac c6 thé duoc bd

sung vao.
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Thiét bi thu tin hidu 200 c6 thé thu nhén tin hi¢u dong bd hod khung tir phan
khoi dong cia khung va thu thong tin béo hiéu co ban cho tng L1 tir phin mé déu
ctia khung bang cdch st dung thong tin dé xir Iy thong tin bdo hiéu co ban cho tAng
L1 c6 trong phan khéi dong.

Ngoai ra, thiét bi thu tin higu 200 c6 thé thu thong tin bdo hiéu chi tiét cho tAng
L1 tir phn m& d4u bang cdch st dung thong tin @ xir Iy thong tin bdo hiéu chi tiét
cho tAng L1 c6 trong thong tin béo hiéu co ban cho tang L1, va thu dit liéu phat rong
theo yeu cAu cia ngudi ding tir cdc ky hi¢u dit liéu trong khung bang céch sir dung

thong tin béo hiéu chi tiét cho tang L1.

Vi vy, thiét bi thu tin hiéu 200 c6 thé xéc dinh ché d6 d duoc st dung & thiét
bi truyén tin hiéu 100 dé xtr 1y thong tin béo hiéu co ban cho tAng L1 va thong tin béo
hiéu chi tiét cho tAng L1, va xt 1y tin higu thu duoc tir thiét bi truyén tin hiéu 100
theo ché d6 di xéc dinh dé thu thong tin béo hiéu co ban cho tAng L1 va thong tin bdo
hiéu chi tiét cho tAng L1. Nhim muc dich nay, thiét bj thu tin hi¢u 200 c6 thé luu trit
trude théng tin vé cdc thong s6 da dugc st dung © thiét bi truyén tin hiéu 100 dé xir
1y thdng tin bdo hiéu theo cac ché d6 twong ung.

Nhu vay, thdng tin bdo hiéu co ban cho tAng L1 va thong tin bdo hiéu chi tiét
cho thng L1 ¢6 thé dugc thu nhan tudn ty tir phan m& ‘d3u. Khi md ta duwa vao Fig.23
va Fig.24, cdc by phén thuc hién chic nang gibng nhau s& dugc mo ta cung nhau aé
cho thuan tién.

Céc bd khir 4nh xa chom diém 2210, 2311 va 2312 gidi didu bién tin hiéu thu
duge tr thidt bi truyén tin hidu 100.

Cu thé, cac bo khuf dnh xa chom diém 2210, 2311 va 2312 1an lwot 14 cic bd
phéan tuong ung v6i cdc bd 4nh xa chom diém 221, 324 va 325 trong thiét bi truyén

tin hiéu 100, va cd 5 thé giai didu bién tin hiéu thu duoc tir thiét bi truyén tin hiéu 100

vA tao ra c4c gié tri twong ing voi cdc bit dugc truyén tir thiét bi truyén tin hiéu 100.
Pidu ndy c6 nghia 13, nhw d& néu trén, thiét bi truyén tin hi¢u 100 4nh xa tir md

LDPC chira thong tin bdo hiéu co béan cho tAng L1 va tit md LDPC chura thong tin

bdo hiéu chi tiét cho tang L1 vao trong ph?m m¢ dau ciia khung, va truyén tr ma
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LDPC da 4nh xa dén thiét bi thu tin hiéu 200. Ngoai ra, trong mdt s6 truong hop,
thiét bi truyén tin hi€u 100 c6 thé 4nh xa cdc bit chén 1& bd sung vao trong phén mo

dau ctia khung va truyén céc bit da 4nh xa dén thiét bi thu tin hiéu 200.

Nho d6, cdc bd khir anh xa chom didm 2210 va 2311 c¢6 thé tao ra céc gid tri
twong tmg véi céc bit tir ma LDPC chira thong tin bdo hiéu co ban cho tAng L1 va cdc
bit tir ma LDPC chira thong tin béo hidu chi tiét cho tAng L1. Ngoai ra, bd khir dnh xa

chom didm 2312 c6 thé tao ra céc gié tri twong Ung véi céc bit chin 1& bd sung.

Nhim muc dich ndy, thiét bi thu tin hiéu 200 c6 thé Iuu trit truée thong tin vé so
db didu bién da duoc sit dung & thibt bi truyén tin hidu 100 dé diéu bién thdng tin bdo
hiéu co ban cho tAng L1, théng tin bao hiéu chi tiét cho tAng L1 va cdc bit chin 1& bd
sung theo cdc ché do tuong tmg. Vi vay, céc bd khir dnh xa chom didm 2210, 2311 va
2312 c6 thé giai didu bién tin hiéu thu duoc b thiét bi truyén tin hiéu 100 theo cic
ché @6 twong tmg dé tao ra cdc gid tri twong g voi cac bit tir ma LDPC va céc bit

chan 1¢ b0 sung.

Gi4 tri twong tmg véi bit duge truyén tir thiét bi truyen tin hiéu 100 1a gid tri
duoc tinh dua vao xéc suét @& cho bit thu dugc bang 0 va bang 1, va dé thay thé, ban
than x4c sut nay ciing cé thé dugc dung 1am gid tri tuong Ung voi mbi bit. Vi du
khéc, gid tri nay cling ¢6 thé 1a gi tri ty s6 hop 1y (Likelihood Ratio, LR) ho#c gia tri
LLR.

Cu thé, gid tri LR c6 thd 1a ty s6 giira x4c sult d¢ cho bit dwoc truyén tir thiét bi
truyén tin hiéu 100 bing 0 va x4c suét dé cho bit d6 bing 1, va gid tri LLR c6 thé 1a
gid tri thu duoc khi 14y logarit cho ty s6 gifta x4c suht @& cho bit dugc truyén tlr thiét

bi truyn tin hidu 100 bang 0 va x4c suét dé cho bit d6 bang 1.

Vi du néu trén sir dung gié tri LR hodc gia tri LLR, nhung d6 chi 1a mot vi du.
Theo phuong 4n lam vi du khac dé thuc hién séng ché, ciing c6 thé sir dung ban than
tfn hiéu thu duoc, chit khong phai la gia tri LR hodc gid tri LLR.

Céc bd don kénh 2220, 2321 va 2322 thuc hién thao t4c ddn kénh trén céc gié tri
LLR duoc xuat ra tir cac bd khir 4nh xa chom diém 2210, 2311 va 2312.
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Cu thé, cdc bd ddn kénh 2220, 2321 va 2322 1a cdc bd phén trong ung voi cac
b6 phan kénh bit 219, 322 va 323 trong thiét bi truyén tin hiéu 100, va ¢4 thé 14n luot
thuc hién céc thao tic tuong Ung véi cdc thao téc cla céc bo phan kénh bit 219, 322

va 323.

Nhim muc dich nay, thiét bj thu tin hidu 200 c6 thé luu trik truée thong tin vé
céc thong sb d dugc sit dung & thiét bi truyén tin higu 100 de thuc hién thao téc phan
kénh va dan xen khéi. Vi viy, céc b dén kénh 2220, 2321 va 2322 c6 thé thuc hién
céc thao téc dao nguoc lai cdc thao téc phan kénh va dan xen khéi ciia cdc bd phan
kénh bit 219, 322 va 323 trén gi4 tri LLR fwong éng v6i mot tir 6 dé don kénh gid tri

LLR tuong tmg véi tir 6 d6 theo don vi bit.

Céc b phan chén LLR 2230 va 2330 c6 thé 1an Iuot chen cdc gi4 tri LLR cho
c4c bit duc 18 va rit gon vao trong cdc gid tri LLR dugc xuét ra tr céc bo don kénh
2220 va 2321. Trong trudng hop nhu vay, cdc bo phén chén LLR 2230 va 2330 c6
thé chen céc gid tri LLR dinh trudc vao giita cac gid tri LLR dugc xuit ra tir cac bd

ddn kénh 2220 va 2321 hodc vao phan dau hodc phan cudi cua céc gia tri nay.

Cu thé, c4c bd phan cheén LLR 2230 va 2330 14n luot 1 c4c bd phén twong (ing
v6i c4c bd phan loai bd bit khong 218 va 321 va céc bd phan duc 16 217 va 318 trong
thiét bi truyén tin hiéu 100, va c6 thé 1an luot thyc hién cde thao tic twong Umg voi
céc thao téc ciia cdc bd phén loai bé bit khong 218 va 321 va cdc bd phan duc 15 217

va 318.

Truée hét, cdc bd phan chén LLR 2230 va 2330 c6 thé cheén cdc gid tri LLR
twong ng véi c4c bit khong vao céc vi tri ma & d6 céc bit khong dugc dém vao trong
tir ma LDPC. Trong trudng hop nhu vay, céc gid tri LLR tuong trng véi céc bit khong
duoc dém vao, tirc 12 céc bit khdng dugc rut gon, 6 thé b%mg o hodc —o. Tuy nhién,
% hoiic —oo 12 gid tri Iy thuyét, con trén thuc té d6 c6 the 12 gid tri cyc dai hodc gid tri

cuc tiéu cua gid tri LLR duoc sir dung & thiét bi thu tin hiéu 200.

Nhim muc dich ndy, thit bi thu tin hiéu 200 c6 thé luu trit truée thong tin vé
cac thong s6 vi/hodc céc mau dd dugc st dung & thiét bi truyén tin hiéu 100 dé dém

c4c bit khong theo céc ché d6 twong Umg. Vi vdy, cic bd phan chen LLR 2230 va
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2330 c6 thé xé4c dinh céc vi tri ma & d6 cic bit khong duoc dém vao trong cic tir ma
LDPC theo céc ché @6 twong tng, va chén cdc gid tri LLR twong Ung véi céc bit

khong dugc rdt gon vao céc vi trf twong Ung.

Ngoai ra, cdc b phén chén LLR 2230 va 2330 c6 thé chen cdc gid tri LLR
tuong tng voi cdc bit duge duc 18 vao vi tri ciia cédc bit duoc duc 16 trong tir ma
LDPC. Trong trudng hgp nhu vay, cdc gid tri LLR tuwong g véi céc bit duge duc 15
c6 thé bang 0.

Nhim muc dich nay, thiét bi thu tin hiéu 200 6 thé luu trit trudc thdng tin vé
cac thong s6 vi/hodc cdc mAu da duge st dung & thiét bi truyén tin hiéu 100 dé thuc
hién phuong phép duc 15 theo cic ché dd twong tmg. Vi vdy, cdc bo phén chén LLR
2230 va 2330 c6 thé xéc dinh do dai ciia cac bit chin 16 LDPC dugc duc 16 theo cdc
ché d6 twong tmg, va cheén cdc gid tri LLR tuong tmg vao cic vi tri ma & d6 céc bit

chén 1¢ LDPC dugc duc 16.

Khi cdc bit chin 1& bd sung dwgc chon tir céc bit dugc duc 15 trong $6 cdc bit
ch&n 1& b6 sung, b phan chén LLR 2330 c6 thé chen céc gi4 tri LLR tuwong g vdi
céc bit chin 1& bd sung thu dwgc, chi khong phai 1a gid tr1 LLR ‘0’ cho bit dugc duc

1, vao vi tri ctia cdc bit dugc duc 10.

Céc b phan két hop LLR 2240 va 2340 ¢6 thé két hop, tic 1a cong, cdc gid tri
LLR duoc xuét ra tir cdc bo phan chén LLR 2230 va 2330 véi gié tri LLR duoc xuét
ra tit bo ddn kénh 2322. Tuy nhién, cdc bd phan két hop LLR 2240 va 2340 dung dé
cap nhit céc gid tri LLR cho céc bit xac dinh véi nhitng gié tri chinh x4c hon. Tuy
nhién, céc gi4 tri LLR cho céc bit xdc dinh cling c6 thé duoc giai ma dua trén cic gid
tri LLR thu duoc ma khong cé cdc bd phén két hop LLR 2240 va 2340, va vi vay,
trong mot sé trudng hop, céc bd phan két hgp LLR 2240 va 2340 ¢6 thé duoc loai bo.

Cu thé, bo phan két hop LLR 2240 12 bd phén twong tng v6i by phan 1ap 216
trong thiét bi truyén tfn hiéu 100, va c6 thé thyuc hién thao téc twong mg voi thao téc
ciia bo phan lip 216. Theo cdch khac, bo phén két hop LLR 2340 1a b phén tuong
{mg v6i bd phan 1ap 317 v bo tao bit chén 1¢ bd sung 319 trong thiét bi truyén tin

hiéu 100, va cé thé thue hién c4c thao tdc tuong ing voi cac thao t4c cua bd phén 1dp
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317 va bd tao bit chén 1é b sung 319.

Trude hét, cdc bo phan két hop LLR 2240 va 2340 c6 thé két hop céc gid tri
LLR tuong tng véi céc bit 13p véi cdc gid tri LLR khéc. Theo sang ché, cic gia tri
LLR khéc cG thé 13 cdc bit Iam co s& dé tao ra cdc bit 13p bing thiét bi truyén tin higu

100, tirc 12 c4c gid tri LLR cho céc bit chin 1¢ LDPC, dugc chon lam dbi tuwong 13p.

Piéu nay cé nghia 13, nhu di néu trén, thiét bi truyén tin hiéu 100 chon céc bit
trong s6 cic bit chén 1¢ LDPC va lip lai cdc bit da chon & giita cdc bit thong tin
LDPC va c4c bit chin 1&é LDPC duoc tao ra bang cdch mi hod LDPC, va truyén céc
bit 1ip dén thiét bi thu tin hiéu 200.

Do d6, céc gié tri LLR cho céc bit ch&n 1¢ LDPC c6 thé gdm c6 céc gid tri LLR
cho céc bit chin 16 LDPC duoc lap lai va cdc gid tri LLR cho cdc bit chin 16 LDPC
khong phai 1a dugc lap lai, tic 1a cdc bit ch&n 18 LDPC duoc tao ra b?mg c4ch ma hoa
LDPC. Vi vdy, céc b phan két hop LLR 2240 va 2340 c6 thé két hop céc gid tri LLR
cho cting mdt bit chin 1¢ LDPC.

Nhim muc dich nay, thiét bi thu tin hiéu 200 c6 thé luu tri¥ trude thong tin vé
céc thong s d3 duge st dung & thiét bi truyén tin hiéu 100 d€ thyc hién phuong phép
lap theo cdc ché d6 tuong tmg. Vi vdy, cdc bd phén két hop LLR 2240 va 2340 c6 thé
x4c dinh d6 dai cia céc bit chin 18 LDPC dugc 1ap lai, xdc dinh vi trf clia cdc bit lam
co s& d 13p lai, va két hop cdc gid tri LLR cho c4c bit chan 1é¢ LDPC dugc I3p lai v6i
céc gid tri LLR cho cédc bit chin 1¢ LDPC 1am co s& dé 1ap lai va dugc tao ra bﬁng
cich ma hod LDPC.

Vi du, nhu dugc thé hién trén Fig.25 va Fig.26, c4c by phan két hop LLR 2240
va 2340 c6 thé két hop cdc gié tri LLR cho céc bit chin 18 LDPC duoc 1dp lai voi céc
gid tri LLR cho céc bit chan 1¢ LDPC lam co s& 8 13p lai va dugc tao ra bang céch
mé hod LDPC. |

Khi céc bit chin 16 LPDC duoc 1ip lai n 1n, thi cac bd phan két hop LLR 2240
va 2340 c6 thé két hop céc gid tri LLR cho cdc bit & cing mét vi tri v6i n 14n hodc

vd&i s0 1an it hon.
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Vi du, Fig.25 thé hién trudng hop trong d6 mot sb bit chin 16 LDPC, ngoai trir
céc bit duoc duc 16, duge 13p lai mot 14n. Trong trudng hop nhu vay, cdc bd phan két
hop LLR 2240 va 2340 c6 thé két hop céc gié tri LLR cho cdc bit ch&n 1&6 LDPC dugc
l3p lai v6i cdc gid tri LLR cho c4c bit chin 1¢ LDPC dugc tao ra bing cach ma hoa
1.DPC, va sau d6, xuit ra cdc gid tri LLR di dugc két hop, hodc xuét ra céc gia tri
LR cho cic bit chin 16 LDPC dugc l3p lai thu dugc hodc céc gid tri LLR cho céc bit
chén 16 LDPC duoc tao ra bang cdch ma hod LDPC thu dugc ma khong can két hop
céc gia tri d6.

Vi du khéc, Fig.26 thé hién trudong hop trong d6 mot s6 bit chan 1¢ LDPC duoc
truyén, khong duoc duc 18, duge 13p lai hai 1an, phn con lai dwoc 13p lai mot 1an, va

céc bit chin 16 LDPC duoc duc 18 duoc 13p lai mdt 1an.

Trong trudng hop nhur vy, cdc bd phan két hop LLR 2240 va 2340 c6 thé xir 1y
phi‘m con lai va cdc bit duge duc 16 dugc 1ap lai mot 1an béng cich st dung so dd
gibng nhu so d d3 dugc mé ta trén day. Tuy nhién, cdc bo phan két hop LLR 2040
va 2340 c6 thé xtt 1y phe“m dugc 13p lai hai 1an theo cdch nhu sau. Trong truong hop
nhu vay, dé cho thuan tién, mot trong $6 hai phén duoc tao ra bﬁmg cdch 1ap lai hai
14n mot s6 bit chin 1&é LDPC dugc goi la phan thir nhét va phan kia dwoc goi 1a phan
thtt hai.

Cu thé, cdc bd phan két hop LLR 2240 va 2340 c6 thé két hop cdc gid tri LLR
cho m&i phén trong s& phan thit nhit va phan tht hai véi cée gid tri LLR cho cde bit
chin 18 LDPC. Theo céch khic, cdc bd phan két hop LLR 2240 va 2340 c6 thé két
hop céc gid tri LLR cho phéan thit nhét véi cac gia tri LLR cho céc bit chin 1¢ LDPC,
két hop cdc gid tri LLR cho phan thtt hai v6i céc gid tri LLR cho céc bit chan 18
LDPC, hoic két hop céc gid tri LLR cho phan thit nhét véi céc gid tri LLR cho phén
thtr hai. Theo c4ch khéc, cac bo phén két hop LLR 2240 va 2340 c6 thé xudt ra cic
gi4 tri LLR cho phan thtr nhét, cdc gié trj LLR cho phan thit hai, cdc gié tri LLR cho

phan con lai, va céc bit duoc duc 15, ma khong can két hop riéng.

Ngodi ra, bo phan két hop LLR 2340 c6 thé két hop céc gia tri LLR tuong Ung

v&i cdc bit chin 18 bd sung véi cdc gid tri LLR khéc. Theo sang ché, cdc gia tri LLR
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Khic c6 thé 13 c4c bit chin 18 LDPC 1am co s& d tao ra cac bit chén 1é bo sung bang
thiét bi truyén tin hiéu 100, tic 1a céc gid tri LLR cho cdc bit chfn 1¢ LDPC dugc

chon @é tao ra cdc bit chan 1€ bo sung.

Pidu nay c6 nghia 13, nhu da néu trén, thiét bj truyén tin hiéu 100 ¢ thé 4nh xa
cdc bit chin 1é bd sung cho thong tin bdo hi¢u chi tiét cho tang L1 dugc truyén trong
khung hién thdi 1én khung truéc d6 va truyén céc bit da dnh xa dén thiét bi thu tin

hiéu 200.

Trong trudng hop nhu vay, cdc bit chgn 1& bd sung c6 thé 6 cac bit chén 1&
LDPC dugc duc 18 va khdng duoc truyén trong khung hién thoi, va trong mot s6

trudmg hop, c6 thé con ¢6 cac bit chan 1¢ LDPC dugc truyén trong khung hién thoi.

Do d6, bd phan két hop LLR 2340 c6 thé két hop céc gid tri LLR cho cdc bit
ch&n 1€ bd sung thu dugc trong khung hién thoi vé6i céc gia tri LLR dugc chén vao vi
trf ciia céc bit chin 16 LDPC dugc duc 156 trong tir ma LDPC thu dugc tur khung ké
tiép va cdc gid tri LLR cho céc bit chén 1¢ LDPC thu dugc tir khung ké tiép.

Nhim muc dich ndy, thiét b thu tin higu 200 ¢6 thé luu trit trudc thong tin vé
céac thong s6 va/hodc cdc mau da dugc st dung & thiét bi truyén tin hiéu 100 dé tao ra
cdc bit chin 1é bd sung theo cdc ché @6 twong tng. Vi vdy, bd phan két hop LLR
2340 c6 thé xé4c dinh d dai cta céc bit chén 1& bd sung, xdc dinh vi trf clia cdc bit
ch&n 1&¢ LDPC 1am co s& dé tao ra c4c bit ch&n 1¢ bd sung, va Kkét hop céc gid tri LLR
cho cdc bit chin 1¢ bd sung véi céc gid tri LLR cho cdc bit chin 1¢ LDPC lam co s&
8 tao ra cdc bit chin 1é bd sung.

C4c b phan khir hodn vi chén 18 2250 va 2350 c6 thé 1an lugt khir hodn vi cho

céc gid tri LLR duogc xuét ra tir cdc bo phan két hop LLR 2240 va 2340.

Cu thé, cdc bo phan khir hodn vi chin 1& 2250 va 2350 1a c4c bd phén twong Ung
véi cac bo phan hodn vi chin 1é 215 va 316 trong thiét bi truyén tin higu 100, va c6
thé 14n Iuot thuc hién cic thao tic twong Umg voi céc thao tac cta cdc bd phan hodn vi

ch&n 1¢ 215 va 316.

Nhim muc dich nay, thit bj thu tin hiéu 200 c6 thé Tuu trit trude thong tin vé
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cac thong s6 va/hoic cac mau da duoc st dung & thiét bi truyén tfn hiéu 100 dé thuc
hién céc thao tdc dan xen theo don vi nhom va dan xen bit chin 1& theo cdc ché do
frong ting. Vi vdy, cdc bo phan khir hodn vi chan 1é 2250 va 2350 c6 thé 1an luot
thuc hién cic thao tdc dao nguoc lai cdc thao tac dan xen theo don vi nhém va dan
xen bit chén 1& cia cdc bd phan hoédn vi chin 1& 215 va 316 trén céc gid tri LLR tuong
tmg véi cdc bit tir md LDPC, tic la thuc hién cdc thao tic khir dan xen theo don vi
nhém va khir dan xen bit chin 16 dé thuc hién chirc ning khit hoan vi chan 1& trén céc
gid tri LLR tuong tmg v6i céc bit tir ma LDPC.

Céc bd gidi md LDPC 2260 va 2360 c6 thé 1an luot thyc hién budc giai ma
LDPC dua vao cdc gié tri LLR dugc xudt ra tir cdc bd phan khir hodn vi chin 1¢ 2250
va 2350.

Cu thé, cdc bod giai ma LDPC 2260 va 2360 14 cdc bod phan twong Ung voi cdc bo
mi hod LDPC 214 va 315 trong thiét bi truyén tin hiéu 100 va c6 thé lan luot thyc

hién c4c thao tic twong (mg véi céc thao tic ctia cac bd ma hod LDPC 214 va 315.

Nhim muc dich ndy, thiét bi thu tin hiéu 200 c6 thé luu trit trudc thong tin vé
céc thdong s da duoc st dung & thiét bi truyén tin hiéu 100 dé thuc hién budc ma hod
LDPC theo céc ché do tuong tmg. Vi vdy, céc b giai ma LDPC 2260 va c6 thé thuc
hién budc gidi ma LDPC dua vao céc gid tri LLR duogc Xuét ra tr cdc bd phan khu
hoén vi chén 1& 2250 va 2350 theo céc ché do twong ung.

Vi dy, céc bo giai ma LDPC 2260 va 2360 c6 thé thuc hién budc giai ma LDPC
dwa vao céc gié tri LLR duoc xudt ra tir cdc bd phan khtr hodn vi chan 1& 2250 va
2350 b?mg cach gidi ma ldp dya vao thuft todn téng—tich va xuét ra céc bit da dugc
sira 151 bang c4ch giai ma LDPC.

Cic bd phan loai b bit khong 2270 va 2370 c6 thé lan luot loai bo céc bit
khong ra khoi céc bit dugc xuAt ra tir cdc bo giai ma LDPC 2260 va 2360.

Cu thé, cdc bd phan loai bo bit khong 2270 va 2370 1a c4c bd phén twong ung
véi céc bo dém bit khong 213 va 314 trong thiét bi truyén tin hiéu 100, va c6 thé 1an
luot thuc hién céc thao tic twong ung v&i cac thao téc cia cac bd dém bit khong 213
va 314.
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Nhim muc dich nay, thit bi thu tin hiu 200 c6 thé luu trit trudc thong tin vé
céc thong s6 vi/hodc cdc mAu da duge st dung & thiét bi truyén tin hiéu 100 dé dém
céc bit khoéng theo céc ché d6 tuong tmg. Vi vay, cdc by phan loai bo bit khong 2270
vi 2370 c6 thé 1An Tuot loai bo céc bit khong duge dém vao bang cde bo dém bit
khong 213 va 314 ra khdi céc bit dugc xuét ra tir cac bd giai ma LDPC 2260 va 2360.

Céc bd giai ma BCH 2280 va 2380 c6 thé 1an luot thuc hién bude gidi ma BCH
trén cac bit dugc xuét ra tlr cac bo phan loai bo bit khdng 2270 va 2370.

Cu thé, céc bd giai ma BCH 2280 va 2380 14 c4c bd phan twong ng Vi cac bo
mi hod BCH 212 va 313 trong thiét bi truyén tin higu 100, va c6 thé 14n luot thuc

hién céc thao téc twong ung voi cdc thao tac cia cdc bo ma hod BCH 212 va 313.

Nhim muc dich nay, thit bi thu tin hiéu 200 c6 thé luu trit trude thong tin vé
céc thong sé da dugc sir dung & thiét bi truyén tin hiéu 100 dé thuc hién budc ma hod
BCH. Vi vy, cdc bd giai ma BCH 2280 va 2380 c6 thé sta 161 béng céich thuc hién
budc gidi md BCH trén céc bit dugc xuét ra tir cdc bd phén loai bo bit khong 2270 va
2370 va xudt ra cdc bit da dugc sira 15i,

Céc bo phan khit xdo tron 2290 va 2390 ¢6 thé 1an lugt khir xdo trdn cho cdc bit
duoc xudt ra tir cc bo gidi ma BCH 2280 va 2380.

Cu thé, céc bd phan khir xdo tron 2290 va 2390 12 cdc b phén tuong tng v6i
céc bo phan xdo tron 211 va 312 trong thiét bi truyén tin hi¢u 100, va c6 thé thuc hién
céc thao tdc twong tng voi céc thao tic ctia cdc bd phan xdo trén 211 va 312.

Nhim muc dich nay, thiét bj thu tin hiéu 200 6 thé Tuu trit truée thong tin vé
céc thong s6 da duoc stt dung & thiét bi truyén tin hiéu 100 dé thyc hién thao téc xdo
tron. Vi vy, cdc bd phan khir xdo tron 2290 va 2390 c6 thé 14n lugt khir x4o tron cho
céc bit dwoc xut ra tir cdc bd gidi ma BCH 2280 va 2380 va xudt ra cdc bit da duoc
khtr x40 tron.

Nhé d6, thong tin bao hiéu co ban cho tAng L1 dwoc truyén tir thiét bi truyén tin
hiéu 100 ¢6 thé duoc khoi phuc. Ngoai ra, khi thiét bi truyén tin hi¢u 100 khong thyc

hién thao téc phan doan trén thong tin béo hiu chi tiét cho tAng L1, thi thong tin bdo
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hiéu chi tiét cho téng L1 dugc truyén tir thiét bi truyén tfn hiéu 100 ciling c6 thé dugc

khéi phuc.

Tuy nhién, khi thiét bi truyén tin hiéu 100 thuc hién thao tic phan doan trén
thong tin bdo hiéu chi tiét cho tAng L1, thi by phan khir phan doan 2395 c6 thé khir

phan doan cho céc bit dugc xudt ra tir bo phan khir xdo trén 2390.

Cu thé, bd phan khtr phan doan 2395 la bo phan tuong Umg véi bd phén phén
doan 311 trong thiét bi truyén tin hiéu 100, va c6 thé thuc hién thao tac twong tng voi

thao tdc cua bd phan phan doan 311.

Nhiam muc dich nay, thiét bi thu tin hiéu 200 c6 thé Iuvu trit trudce thdng tin vé
céc thong s da duoc sit dung & thiét bi truyén tin hiéu 100 de thyc hién thao tic phan
doan. Vi vdy, bd phéan khir phan doan 2395 c6 thé két hop cic bit dugc xuét ra tir bd
phan khit x4o tron 2390, tic 1a céc doan thong tin bdo hi¢u chi tiét cho tAng L1 dé
khoi phuc thong tin bdo hiéu chi tiét cho tang L1 trude khi phan doan.

Thong tin v& d6 dai ctia thong tin bdo hiéu cho tang L1 duoc cung cip & dang
nhu dwoc thé hién trén Fig.27. Vi vdy, thiét bi thu tin higu 200 c6 th8 tinh d6 dai cua

thong tin bao hiéu chi tiét cho tang L1 va dd dai clia c4c bit ch&n 16 bd sung.

Dua vao Fig.27, vi thdng tin bdo hi¢u co ban cho tAng L1 cung cap thong tin vé
tdng s6 céc 6 clia thong tin bdo hiéu chi tiét cho tang L1, nén thiét bi thu tin hiéu 200
cAn phai tinh d6 dai cua thong tin bdo hiéu chi tiét cho ting L1 va do dai ciia céc bit
chin 16 bb sung.

Cu thé, khi truong L.1B_L1_Detail_additional_parity_mode trong thong tin bdo
hiéu co ban cho ting L1 c6 gid tri khic 0, vi d& biét thong tin cla trudng
L1B_L1_Detail_total_cells biéu thi d6 di clia tong s6 c4c 6 (= NLi_getil_total_cents)> ChO
nén thiét bi thu tin hiéu 200 c6 thé tinh d6 dai Ny i_geit_cens C8a thong tin béo hiéu chi
tiét cho tf?mg L1 va d0 dai Nap ol cens ca cic bit chén 1é bd sung dua vao céc biéu
thirc tir biéu thirc 32 dén biéu thic 34 dudi day:

N

1dpc _ parity ~ Npunc _ NFEC (32)

N +N +N

outer repeat

NLl_FEC_cells -

MNmob Mmop
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NLl__detail_cells = NLlD_FECFRAME X NLI_FEC_cells (33)

NAP_total_cells = NLl_deta.il_total_cells - NLl_detail_cells (34)
Trong trudng hop nhu vy, dwa vao cdc bidu thitc tir biéu thirc 32 dén biéu thirc
34 néu trén, ¢6 thé thu duge gid tri Nap o cens dua vao gid tri NLi_detil_totl_cents 12 g14
tri c6 thé thu duoc tir thdng tin clia trudng L.1B_L1_Detail_total_cells trong thdng tin
bdo hidu co ban cho tAng L1, gid tri Negc, gid tri Niip_recrrame, VA bac didu bién
Nvop- VI du, Nap otal_celis €O thé duogc tinh dya vao biéu thirc 35 dudi day:

NFEC

Mmop

(35)

Nap torar_celis = NL1_detail _total_cells ~ Ny mEcrrame X

5
u

ngit nghia ciia cdc trudng trong thong tin bao hiéu co ban cho tang

p
L1 duoc thé hién trong bang 14 dudi day.

Bang 14
| Ci phip Sébit | Pinh dang

L1_basic_signaling() {
L1B_L1_Detail_size_bits 16 uimsbf
L1B_L1_Detail_fec_type 3 uimsbf
L1B_L1_Detail_additional_parity_mode 2 uimsbf
L1B_L1_Detail_total_cells 19 uimsbf
L.1B_Reserved ' ? uimsbf
LiB_crc 32 uimsbf

}

Do d6, thiét b thu tin hidu 200 c6 thé thyc hién thao tic thu cac bit chin 1& bo
sung trong khung ké tiép dua vao cac bit chén 1¢ bd sung dugc truyén dén NAP total_cells
6 trong s6 céc 6 thu dugc trong thong tin bdo hiéu chi tit cho tang L1.

Fig.28 1a luu 5 thé hién phuwong phép rit gon theo phwong &n lam vi du thuc

hién sang ché.
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Truéce hét, cac bit chin 16 dugc tao ra bing cach m hod c4c bit du vao (S2510).

Tiép theo, c4c bit ma hod ngoai c6 céc bit dau vao va céc bit chan 1&, cung voi

c4c bit khong tao nén cdc bit thong tin LDPC (S2520).
Ngoai ra, cdc bit thong tin LDPC dugc ma hod (S2530).

Trong d6, & budc S2520, cic bit khong dugc dém vao it nhat mot s6 nhém bit
trong s6 cdc nhém bit tao nén céc bit thong tin LDPC dua vao mau rit gon nhu dugc
thé hién trong bang 1 néu trén.

35 bube $2520, s6 Iugng Ny,g nhém bit ma trong d6 tat ca cc bit (hodc vi trf bit)
ddu 1a cdc bit khong duge dém vao c6 thé dugc tinh dya vao biéu thiic 3 hogc biéu
thirc 4 néu trén.

G bude $2520, cac bit khong c6 thé dugc dém vao tht ca cac bit (hodc vi trf bit)
cuia nhém bit thir 7,(0), nhém bit thtt (1), ..., nhém bit thir w(Npae—1) trong sb céc
nhdm bit dua vao mau }rlit gon, va céc bit khdng c6 thé dugc dém thém vao Ky —
Nouer — 360xNq bit (hodic vi trf bit) ké tir bit dau tién (hodc vi trf bit dAu tién) cla

nhém bit thir 7(Npaa)-

Quy trinh thyc hién tha tuc rit gon dua vao bang 1 néu trén da dugc mo ta chi
tiét & trén, va do d6, & ¢y khong md ta lai nita.

Séng ché c6 thé d& cap dén vat ghi bét kha bién doc dugc bang mdy tinh trong
d6 Twu trit chwong trinh dé thyc hién cdc phuong phép dugc mo ta theo phuong 4an
lam vi du thuc hién séng ché. Vat ghi bt kha bién doc dugc bang mdy tinh khong
phéiv 12 vat ghi Iuu trit dit liéu tam thoi trén d6, nhu thanh ghi, bd nhd tidc dong nhanh,
bd nhé, hodc cdc loai vat ghi twong tu khic, ma la vat ghi luu trit dit 1iéu ban cb dinh
trén d6 va c6 thé doc duoc bing thit bi nhw bd vi xi 1y. Cu thé, nhiéu img dung hodc
chuong trinh néu trén c6 thé dwoc luu trir va cung cAp trén vat ghi bét kha bién doc
duoc bing mdy tinh nhu dia compac (Compact Disk, CD), dfa da ning k§ thuat sd
(Digital Versatile Disk, DVD), dia ctng, dia Blu-ray, bus nbi tiép da nang (Universal
Serial Bus, USB), thé nhé, bd nhé chi doc (Read Only Memory, ROM), hodc céc loai

vt ghi trong tu khéc.
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ft nhAt mot trong sb céc bod phén, ph?ln tir, mddun hoic don vi dugc biéu thi &
dang khéi nhu dugc thé hién trén céc hinh vé Fig.1, Fig.9, Fig.10, Fig.25 va Fig.26 c6
thé duoc thuc hién dudi dang cAu tric phén cung, phén mém vi/hoic phén sun dé
thuc hién cic chirc nang twong ung néu trén, theo phuong 4n 1am vi du thyc hién sdng
ché. Vi duy, it nhit mot trong s6 cdc bd phan, phén tir, mddun hodc don vi co thé st
dung chu tric mach truc tiép, nhu bo nhd, bd xit 1y, mach logic, bang tra ctru, v.v., dé
c6 thé thyuc hién cdc chitc nang twong Ung theo su didu khién cia mot hodc nhiéu bd
vi xir 1y hogc thiét bi diéu khién khéc. Ngoai ra, it nhit mot trong s céc bo phén,
phén tir, mddun hodc don vi ¢o thé duogc biéu thi & dang cu thé bang modun, chuong

trinh, hoic doan mi, chita mdt hodc nhi€u Iénh thi hanh dwoc dé thuc hién céc chirc

v

nang logic cu h

-

g thi ha
uoC Uil han

bang mot hodc nhiéu bd vi xit 1§ hodc thiét bi

SD(!

A
a

¢.
>
<4

L1311

didu khién khdc. Hon nita, it nhit mdt trong sb cdc bd phan, phan tr, mddun hodc don
vi ¢b thd con c6 hodc dugc thuc hién dudi dang bo xur 1y nhu bd xir 1y trung tdm
(Central Processing Unit, CPU) dé thuc hién cdc chiic ning twong tng, b vi xu 1y,
hoic cdc bd xtr 1y khac. Hai hodc nhiéu hon hai bd phén, phé‘m tir, mddun hodc don vi
néu trén c6 thé duoc két hop lai thanh mot bd phan, phan tir, modun hogc don vi aé
thuc hién tAt ca céc thao tic hodc chirc ning cta hai hodc nhiéu hon hai bd phén,
phén tir, médun hodc don vi dugc két hop. Ngoai ra, it nhit mot phan cua cdc chirc
nang cua it nhit mot trong s6 céc bo phan, phén tir, mddun hodc don vi ¢ thé duoc
thuc hién bing mot bd phén, phin tir, médun hogc don vi khdc. Ngoai ra, mac du
trong cic so dd khbi néu trén khong thé hién bus, nhung su truyén thong gifta cdc bd
phén, phé“m tr, mddun hodc don vi ¢d thé duoc thuc hién thong qua bus. Cac khia
canh li€n quan dén chitc ning trong cdc phwong 4n lam vi du thuc hién séng ché néu
trén c6 thé dugc thuc hién dudi dang cic thuét toan dé thuc hién trong mdt hodc
nhidu b xi 1y. Hon nita, céc bd phan, phan tir, mbdun hogc don vi duge biéu thi &
dang khi hodc cdc budc xit 1y c6 thé 4p dung cde k¥ thuat bat ky trong linh vyc lién
quan dé tao cu hinh cho thiét bi dién tir, xi Iy tin hiéu vi/hodc thong tin diéu khién,
xtt 1y dit liéu va cic chirc nang tuong tu khac.

Mic di cdc phuong 4n 1am vi du thyc hién séng ché dugc thé hién trén cdc hinh

v& va duge mo ta trén ddy, nhung séng ché khong chi gioi han & céc phuong 4n lam
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vi du néu trén, ngudi c6 hiéu biét trung binh vé Iinh vuc k¥ thudt twong tmg c6 thé
tim ra nhiéu phuong 4n cai bién khac nhau dé thyc hién sdng ché ma van khong bi coi
12 vurot ra ngoai pham vi clla sdng ché, nhu duoc x4c dinh dua vao céc diém yéu cau
bao hod keém theo. Vi duy, cdc phuong 4n lam vi du thuc hién sang ché dugc md ta lién
quan dén phuong phap ma hod va giadi ma BCH va phuong phdp ma hod va giai ma
LDPC. Tuy nhién, cdc phuong 4n d6 khong gioi han pham vi cla sing ché chi & mot
phuong phdp ma hod va giai ma cy thé, ma thay vi thé, sang ché c6 thé duoc 4p dung
cho nhidu loai phuong phép mi hod va giai md khac nhau v6i nhitng thay ddi can
thiét. Cac phuong 4n thay dbi nhu vay ciing dugc coi la ndm trong pham vi clia sing

ché.
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YEU CAUBAO HQ

1. Thiét bi truyén tin hidu bao gdm:

bo dém bit khong duge tao cAu hinh dé nap vao cdc bit thong tin bang céc bit
dAu vao va mot hodc nhiéu bit dém béng khong, néu kich thudc cia céc bit dau vao
nho hon kich thwdc cua cic bit thong tin;

b6 mi hod duoc tao cAu hinh ¢ ma hod céc bit thong tin dya vao ma kiém tra
chin 1& mat d6 thip (Low Density Parity Check, LDPC) dé tao ra céc bit chén 1¢, ty 1&
mé ctia mi LDPC béng 3/15 va d6 dai ma cia ma LDPC bang 16200 bit;

bd phan duc 16 duoc tao cAu hinh dé duc 16 mot hodc nhiéu bit trong s6 céc bit
chén 1é;

b6 phan loai bé bit khong duoc tao cAu hinh dé loai bé mot hodc nhiéu bit dém
bang khong trong s6 céc bit thong tin;

b6 4nh xa duoc tao cAu hinh dé dnh xa cdc bit du vio va céc bit chan 1¢ con lai
sau khi duc 18 1én céc diém trong chom diém dua vao so dd diéu bién dich pha vudng
géc (Quadrature Phase Shift Keying, QPSK); va

bo truyén tin hiéu dugc tao cAu hinh dé truyén tin hiéu dugc tao ra dua vao cac
diém trong chom diém,

trong d6 bd dém bit khong dugc tao cAu hinh dé nap vao cdc bit thong tin bang
céch phén chia céc bit thong tin ra thanh nhidu nhém bit, xdc dinh it nhit mdt nhém
bit ma mot hodc nhiéu bit dém b%lng khong duge dém vao do trong s6 nhiéu nhém bit

dua vao thir tw, va dém mét hodc nhiu bit dém bang khong vao it nhét mot nhém bit,

N

va
trong d6 thir tu nay dugc thé hién dudi day:
TCSG) (O SJ < Ninfo_g'roup)
j 0 1 2 3 4 5 6 7 8
75(J) 6 1 7 8 0 2 4 3 5

trong d6 m(j) 12 chi sé ctia nhém bit ma mot hogc nhiéu bit d&m bing khong
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duoc dém vao d6 theo thir ty thit j trong s6 nhiéu nhém bit, v Nixo_group 12 s6 luong
nhém bit trong s nhiéu nhém bit.

/4
A

2. Thiét bi theo diém 1, trong d6 bo dém bit khong con duoc tao cAu hinh dé tinh s6
lvong nhém bit trong s6 it nhat mot nhém bit ma trong d6 tAt ca c4c bit déu dugc dém

bing mot hodc nhidu bit dém bang khong dua vao biéu thirc dudi day:

K. N
N — 1dpc outer ,
pad { 360 j

trong d6 Np,q 12 s6 lwong nhém bit trong s6 it nhAt mot nhém bit ma trong d6 tht

¢4 céc bit ddu dugc dém bing mot hodc nhidu bit dém bang khong, Kig. 12 kich thude

O
>4

luong bit d

N
wong u vao.

cia céc bit thong tin, va Noyer 12 8

3. Thit bi theo diém 2, trong d6 by dém bit khdng con dugc tao cAu hinh dé d&m mot
hodc nhidu bit dém bing khong vao tit ca cdc bit caa nhém bit thir 7,(0), nhom bit thir

(1), ..., nhém bit thir m(Nyq—1) trong s nhiéu nhém bit dya vao thir ty nay.

4. Thibt bi theo diém 3, trong d6 bd dém bit khong con dugc tao cAu hinh dé dém
thém Kigpe—Nouter—360XNpad bit dém bﬁng khong vao nhém bit thi 7s(Npaa) dua vao
tht ty nay.
5. Thiét bi thu tin hiéu bao gdm:

b6 thu tin hidu dugc tao cAu hinh dé thu tin hi¢u tr thiét bi truyén tin hiéu;

bd giai diéu bién dugc tao cau hinh dé giai diéu bién tin hiéu nay dé tao ra cic

gi4 tri dwa vao so db diéu bién dich pha vudng géc (QPSK);

b6 phén chén dugc tao chu hinh dé chen céc gia tri dinh trudce; va

bd giai ma dugc tao cAu hinh dé giai ma céc gid tri da duoc tao ra va cdc gia tri
da dwoc chén dua vao ma kidm tra chin 1 mat do thép (LDPC), ty 1¢ mad cua ma
LDPC biing 3/15 va d0 dai mé ciia ma LDPC bang 16200 bit,

trong d6 céc gid tri dinh trudc nay bao gdm cic gid tri dinh trudc thir nhét twong

mg véi céc bit dém bang khong va cdc gi4 tri dinh trudc thw hai twong ng véi cac
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bit chiin 1¢ da duoc duc 13, va

trong d6 b6 phan chén dugc tao cAu hinh dé chen cac gia tri dinh trudc thi nhét
bing céch phan chia khoang gid tri c6 kich thudc dinh treéc ra thanh nhidu viing
" nhém, x4c dinh, dua vao thi tu, it nhat mot ving nhém ma cac gid tri dinh trudc th
nhét duogc chén vao dé trong s6 nhiéu viing nhém, va chén cic gid tri dinh trudc thu

nhat vao it nhat mot ving nhém, va

trong d6 thi ty ny dugc thé hién dudi day:

ns(j) (0 SJ < Ninfo__group)
] 0 1 2 3 4 5 6 7
7(3) 6 1 7 8 0 2 4 | 3 5

trong d6 my(j) 1a chi s& clia ving nhém ma céc gid tri dinh trude thir nhét dugc
chén vao d6 theo thir tu thh j trong s6 nhiéu ving nhém, va Nio_group 1a sb lwong

ving nhém trong sO nhiéu ving nhém.

6. Thiét bi theo diém 35, trong d6 bd phén chén dugc tao cAu hinh dé tinh sb lugng
ving nhém ma tAt ca cac gid tri trong d6 déu duoc chen bang cic gid tri dinh trudc
thtt nhit dya vao biéu thic dudi day:

N — Kldpc —Nouter
pad 360 ’

trong d6 Ny 12 s0 lugng ving nhém ma tAt ca cdc gid tri trong d6 deu dugc
chén bang cdc gid tri dinh trudc thir nhat, Kigpe 12 s6 luong cua kich thudce dinh trude,
va Nyyer 12 86 lwong gié tri trong s6 mot hodc nhiéu gia tri dwoc nap vao khoang gid

tri trong sO céc gid tri da dugc tao ra.

7. Thiét bi theo didm 6, trong bd phan chen dugc tao cAu hinh dé chén céc gid tri dinh
truéc thit nhit viao ving nhém tht ny(0), ving nhém thir (1), ..., ving nhém thir

Ts(Npag—1) trong s6 nhiéu ving nhém duya vao thir tw nay.

8. Thiét bi theo diém 7, trong d6 bo phén chén dugc tao cAu hinh dé cheén thém

Kiape—Nouter—360XNpq gid tri dinh trudc tht nhét vao ving nhém thir ms(Npee) dua vao
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th{t tu nay.
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