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Linh vuc ky thuat dugc dé cap

Sang ché d& cap dén phuong phap trién khai k¥ thuat ma hoa sira 16i kénh truyén
cho cac hé thong thong tin di dong thé hé nam. Cu thé 1 hé thong ma hoa phan cuc va
phuong phap tinh toan song song cho hé thong m4a hoa phan cuc.

Tinh trang ky thujt ctia sang ché

Trong hé théng thong tin vo tuyén, cac k§ thuat ma hoa sira 15i kénh truyén c6
vai trd quan trong trong qué trinh truyén dan thong tin s6 dé tang kha ning tai tao dit
liéu bi anh hudng boi nhiéu tai phia thu. Cac k¥ thuit ma hoa kénh truyén noi chung
dugc xay dung va céi tién nham muc dich giai quyét bai toan vé t6i uu thuét toan dé
tang kha ning stra 161 ciia ma kénh hoac bai toan xdy dung ky thuat ma héa co kha nang
sira 161 v6i do phirc tap thuat toan va thoi gian tinh toan nam trong pham vi c6 thé chap
nhan duoc.

Trong cc k§ thust ma hoa kénh truyén cho hé théng thong tin di dong thé hé
nim, ki thuat ma hoa phan cucdugc st cho kénh dit liéu quang ba (Physical Broadcast
Channel - PBCH) va c4c kénh diéu khién duong 1én/duong xudng. Viéc xay dung kién
trac ky thuat ma hoa phan cuc phu thudc vao cac yéu t6 nhu mic do tin cdy cta kénh
truyén tuong (mg vé6i timg bit trong chudi bit dau vao, chiéu dai chudi bit dau vao, toc
d6 ma hoa va ty so tin hiéu trén nhiéu cia kénh truyén vo tuyén.

Vé nguyén 1y, ky thuat ma hoa phan cuc bao g61n ba bude. Bude thit nhit 1a dan
xen chudi bit dau vao dé chéng 18i cum xay ra trong qua trinh truyén dan. Budc thir hai
1a 4n dinh vi tri cac bit mang thong tin. K bit dau ra ctia budc dan xen dugc xem 1a cac
céac bit mang thong tin va duoc gan vao chudi N bit tai nhitng vi tri xac dinh. Vi tri duoc
xac dinh cho cac bit mang thong tin chinh la cac vi tri it bi anh hudng boi nhiéu va tap
am khi chudi bit mang thong tin duoc truyén qua mdi truong kénh truyén. Cudi cung,
chudi N bit dau ra thu dwoc sau bude an dinh vi tri bit dugc nhan véi ma tran Kronecker
dé tao ra chudi bit dau ra sau ma hoa phan cuc.

Trong thuc té, viéc tinh toan phép nhan chudi N bit v6i ma trin Kronecker vudng
cap N dugc thuc hién theo phuong phap tuan tu va ndi tiép. Diéu nay c6 nghia 13, moi
bit d4u ra duoc xac dinh bang phép nhan tuan tu trong truong médun 2 ciia chudi N bit

diu vao véi N phan tir ciia mdi véc to ¢t ciia ma tran Kronecker. Tuy nhién, vi€c tinh
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toan phép nhan chudi bit véi ma trén theo phuong phap tuan tu 1a nguyén nhén chinh
lam cho thoi gian thuc hién thuit toan tang Ién. Diéu nay gay ra tré xu ly 1on, anh hudng
dén chét lwong dich vu ctia ngudi ding. Hon nita, trong truong hop cac mo hinh dir liu
khac nhau, s6 luong chudi bit dau vao ting 1én dan téi kich thude ma tran Kronecker
tang 1én 1am cho d¢ phirc tap tinh toan tang lén theo chiéu tang ciia s6 luong bit dau vao.

Tham chiéu hinh 3, mé ta cach thac thuc hién cua khéi mé hoa phan cuc theo
phuong phap da biét trong linh vuc k¥ thuét nay. Trong phuong phap nay, phép nhan
chudi N bit dau vao véi ma tran Gy dugc thuc hién ndi tiép va tuan tu. Theo phuong
phap nay, cac phﬁn tir trén cac cot ctia ma tran Gn duge luu vao cac bo nhé chi doc
(Read-Only Memmory - ROM). Chudi N bit dau vao duoc nhan v hudng trong truong
mo dul 2 mot cach tudn tu voi cac cot cia ma tran Kronecker Gn véi cac gia tri duoc
doc ra tuong mg tir cac b nhé ROM.

Nhuoe diém ciia phuong phap néi tiép va tudn tu 1a tde o xir 1y thap va thoi gian
tinh toan cham. Theo d6, d6i véi phép nhan v6 hudng chudi N bit dau vao véi ma tran
Kronecker Gy, can toi thiéu N xung nhip dé ¢6 duoc chudi N bit dau ra sau ma hoa phan
cuc. Dbi v6i hé thong thong tin di dong thé hé 5, cac md hinh dit liéu s dung ma hoa
kénh truyén phan cyc thudng lam viéc voi chudi bit ¢ kich thude 16n (t6i thiéu 1a 512
va t6i da 1a 1024). Nhu vay, dbi voi phuong phap tinh toan tuan tu, gid tri N cang lon
dan t6i thoi gian tinh toan phép nhan cang tang lén va toc d6 xtr Iy ma hoa phan cuc
cang giam di.

Ban chét k§ thuit ctia sing ché

Muc dich cua sang ché 1a dé xuét phuong phap tinh toan song song cho h¢ thong
ma hoa phan cuc dé nang cao toc @6 cho k¥ thuat ma hoa kénh truyén trong cac hé thong
di dong thé hé nam, cu thé, day la phuong phap hi¢u qua cho khdi ma hoa phén cuc béng
vide cdi thién téc do xir Iy ma hoa ciing nhu giam thicu thoi gian tinh toan, dac bict do6i
v6i cac mo hinh dit lidu ddu vao véi s6 Iuong bit 16n. Phuong phap nay cling cho phép
tai sir dung tai nguyén phan ctmg duogc luu trit san trong qua trinh thuc hién ma hoa,
dam bao tinh don gian va linh hoat trong qua trinh thiét ké.

Pé dat dugc muc dich trén, sang ché dé xuét phuong phap tinh toan song song
cho ma héa phan cuc (Parallel Computationfor Polarization Encoding - PCPE) dé nang
cao toc d6 xur Iy va giam thiéu thoi gian thuc hién ma hoa kénh truyén trong hé thong

thong tin di dong thé hé nam.
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Mo ta vin tit cac hinh vé

Hinh 1 14 hinh v& md ta cac khoi chic ning cua k¥ thuat ma héa phén cuc.

Hinh 2 13 hinh v& mo ta cac vi du cia ma tran Kronecker c6 kich thudc 1an luot
la2, 4 va8.

Hinh 3 14 hinh v& mo ta cach thac thuc hién budc ma hoa theo phwong phap da
biét.

Hinh 4 13 hinh v& mé ta nguyén tic sap xép chudi 4 bit dau vao thanh dang ma
tran theo nguyén tac cot trudc, hang sau.

Hinh 5 12 hinh v& m6 ta phép nhan vo hudéng hai chudi 2 bit véima tran Kronecker
G theo nguyén tac loai bo bit.

Hinh 6 1 hinh v& md ta phép nhan vo hudng chudi mau dit liéu voi ma tran
Kronecker G, theo nguyén tic 13p mau két hop nhan v6 hudng.

Hinh 7 14 hinh v& mo ta cach thac thuc hién ma hoa phan cuc theo phuong phap
& xuét cua sang ché.

Hinh 8 14 hinh v& mé ta so dd khdi trién khai cac bude ma hoa theo phuong phap
8 xuét cta sang ché.

Hinh 9 13 hinh v& mo tathiét ké ciia khdi chuyén d6i ndi tiép song song.

Hinh 10 13 hinh v& mo tathiét ké ciia khéi tao xung diéu khién X ludng.

Hinh 11 13 hinh v& mb ta thiét k& phan cimg cta khbi m& rong xung.

Hinh 12 13 hinh v& mo ta so dd két ndi cac khéi con trong khoi nhan vo hudng
theo hang.

Hinh 13 13 hinh v& md ta thiét ké cua khéi luu cac cot ma tran Kronecker Gy.

Hinh 14 13 hinh v& mo ta thiét ké ciia khdi tao xung diéu khien.

Hinh 15 13 hinh v& mo ta khdi dao chuoi bit.

Hinh 16 13 hinh v& mo ta thiét ké cua khoi nhan vo hudng theo hang.

Hinh 17 14 hinh v& md ta thiét ké ctia khoi cong tich liy.

Hinh 18 13 hinh vé md ta so do két ndi cac khéi con trong khdi nhan v6 hudng
theo cot.

Hinh 19 13 hinh v& md ta thiét ké khéi lap mau.

Hinh 20 14 hinh v& mo ta thiét ké ciia khoi luu cac hang ma tran Kronecker Gx.

3
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Hinh 21 14 hinh v& mb ta thiét ké khoi nhan v6 hudng trong trudng hitu han.

Hinh 22 13 hinh v& mb ta so do thir nghiém ma hoéa phan cuc theo phuong phap
d& xuét ctia sang ché.

M5 ta chi tiét sang ché

Hé théng mi héa phan cuc trong sang ché bao gdm ba khbi chinh: khéi dan xen
101, khoi an dinh vi trf bit 102 va khoi mé hoa phan cuc 103 theo tham chiéu tai hinh 1.
Trong d6, k¥ thuét tinh toan song song hoa (Parallel Computationfor Polarization
Encoding - PCPE) duoc tich hop vao khéi ma héa phan cuc. Cu the:

Khéi dan xen 101: Muc dich ciia khdi dan xen 101 13 chong 161 cum xay ra trong
chudi bit dwoc dua vao dau vao ma hoa. Theo do, vi tri cac bit trong chudi bit dau vao
dugc thay doi dua trén gia tri chi s6 dan xen tuong tmg véi vi tri cua bit dang x€t trong
chudi bit diu vao. Gia thiét chudi bit diu vao cé do dai 1a K, khi 6, tap chi s6 dan xen
s& nhan cac gia tri nguyén duong nam trong doan tir 0 dén K — 1 va dugc xao tron theo
thuat toan dan xen. Chudi K bit dau ra sau khi dan xen duoc dua téi khéi 4n dinh vi tri
bit 102.

Khéi 4n dinh vi tri bit 102: Muc dich ciia khdi an dinh vi tri bit 102 1a xac dinh
vi tri cac bit mang thong tin trong chudi N bit truéc khi dua vao khdi ma hoa phan cuc.
Vi trf duge 4n dinh cho cac bit mang thong tin chinh la cac vi tri it bi anh huong baéi
nhiéu va tap 4m khi chudi bit mang thong tin duoc truyén qua mdi trudng kénh truyeén.
Theo d6, K bit dau ra sau khéi dan xen duoc dit tai cac vi tri xac dinh trong chudi N bit.
N — K bit con lai dugc xac dinh la cac bit khong mang thong tin va duoc thiét lap vét
cung mot gia tri hang s6 khong ddi trude khi thuc hién ma héa phan cuc.

Khoi ma héa phan cuc 103: Nhiém vu cua khoi ma héa phéan cuc 103 1a nhan
chudi bit dau ra khdi 4n dinh vi tri bit v&i ma tran Kronecker. Theo do, voi gia thiét dau
ra khéi 4n dinh vi tri bit 102 12 mot chudi bit c6 do dai 1a N, khi do, mot ma tran
Kronecker vudng cip N (sau déy dugc ky hicu 1a Gn) s€ duoc tao ra t ma tran
Kronecker nguyén thuy cap 2. Két qua clia phép nhan chudi N bit voi ma tran Kronecker
Gy chinh 14 chudi N bit dau ra sau mi hoéa phén cuc.

Khéi ma héa phan cuc 103 gdm ba khéi chirc nang chinh dwoc m6 ta trong hinh
8 bao gom:

- Khbi chuyén doi ndi tiép song song 801 (Serial to Parallel).
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- Khbi nhan vo hudng theo hang 802 (Row-based Scalar Product).
- Khéinhan vo huéng theo cot 803 (Column-based Scalar Product).

Hinh 9 mb ta thiét ké phan cling cta khdi chuyén do6i ndi tiép song song 801,
Theo d6, mot tin hiéu diéu khién ton tai trong mot chu ky xung nhip dugc dua toi dau
vao khdi tao xung diéu khién X ludng 901 va khéi mé rong xung 902. Tin hiéu dau ra
ctia khdi tao xung diéu khién X ludng 901 12 tin hiéu c¢6 chu ky bing X 1an chu ky xung
nhip, c6 do rong béng mot chu ky xung nhip dugc dua tdi chan diéu khién ghi (duoc ky
hiéu 13 “we”) cua cac bo nhé vao trude ra trude (First Input First Output - FIFO) 903 dé
diéu khién ghi chudi bit tai dAu vao. Tin hiéu dau ra cia khoi mo rong xung 902 1a tin
hiéu cé d6 rong bing Y 1an chu ky xung nhip dugc dua t6i chan dicu khién doc (duoc
ky hiéu 12 “re”) cuia cic bd nhé vao trudc ra trude (First Input First Output - FIFO) 903
42 didu khién doc chudi bit tai diu ra bd nhé bd nhé vao trude ra trude (FIFO) 903. Cudi
cung mot bd lya chon thir nhit 904 duoc sir dung dé trich xuat chudi Y bit tai dau ra mdi
ludng. Pé tao ra dugc cac ludng dit lidu Y bit, khéi chuyén déi ndi tiép song song 801
si dung b tré tin hiu 905. Bo tr& tin higu 905 nhan tin hiéu dau ra cia khéi tao xung
didu khién X ludng 901 va & di k xung nhip dé tao ra ludng dit liéu Y bit thit k+1. Mo
mot ludng dit liéu Y bit s& di qua mot khoi nhan vo hudng theo hang 802.

Hinh 10 mb ta thiét ké phan cimg cua khéi tao xung diéu khién X ludng 901.
Theo d6, khéi tao xung diéu khién X ludng nhan tin hiéu diéu khién ton tai trong mot
chu ky xung nhip va tao ra tin hiéu tun hoan c6 chu ky bang X lan chu ky xung nhip va
¢6 d6 rong bang mot chu ky xung nhip tai dAu ra. B cong s6 hoc 1001 hai dau vao thuc
hién phép cong giita tin hiéu diéu khién dau vao va tin hiéu hoi tiép tai dau ra bo lua
chon thit hai 1003. Gia tri thu duoc tai dau ra bd cong duge so sanh bﬁng vol1 h%mg s6 X
sir dung bd so sanh bang thi nhat 1002. Tin hiéu dau ra bo Iwa chon thir hai 1003 duoc
so sanh bang véi gia tri 0 st dung bo so sanh bang thir hai 1004. Tin hiéu tai dau ra bd
so sanh bang thir hai 1004 dugc két hop vdi tin hiéu diéu khién dau vao thong qua phép
16-gic AND str dung khoi 16-gic AND 1005.

Hinh 11 m6 ta thiét ké phan clmg cua khéi mé rong xung 902. Theo do, tin higu
didu khién ton tai trong mot chu ky xung nhip duoc dua to1 diu vao cua khoi nay. Mot
gia tri hang s6 mé ta do rong xung mong mudn (Y chu ky xung nhip) tai dau ra duoc
c4u hinh cho khéi m rong xung. Khdi so sanh hai dau vao 1101 thuc hién so sanh gia

tri hdng s6 mong muon va dau ra ctia bd lua chon thir ba 1103 dé cap tin hiéu dieu khién
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dau ra cho bo lua chon thir ba 1103. B cong hai dau vao 1102 s& thuc hién cong s hoc
tin hiéu dau ra bo lya chon véi gia tri 1. Cubi cung, tin hiéu dau ra bd lua chon dugc két
hop véi tin hiéu diéu khién dau vao thong qua phép 16-gic OR sir dung khéi 16-gic OR
1104.

Hinh 12 mb ta so dd két ndi cac khdi con trong khdi nhan v hudng theo hang
802 tai mot luéng Y bit bat ky. Céc ph?m tir trén cac cot ciia ma tran Kronecker Gy dugc
luu trit trong khéi luu cac cot ma tran Gy 1201. Tin hiéu xung mé rong c6 do rong Y
chu ky xung nhip 1a dau ra cua khéi mo rong xung 902 dugc dua tdi khoi tao Xung diéu
khién 1202. Diu ra cta khéi tao xung diéu khién 12 Y tin hiéu diéu khién ¢6 d6 rong ciia
cac xung diéu khién tir 1 dén Y chu ky xung nhip duogc dua to1 dau vao khoi nhan vo
huéng 1204. Khéi nhan vé hudng 1204 sit dung cac tin hiéu dicu khien nay, két hop véi
dAu ra cita khéi luu cac cot ma tran Gy 1201 dé thuc hién bién d6i chudi Y bit dau vao
sau khi di di qua khdi ddo chudi bit 1203 theo nguyén tic loai bo bit (BRR —Bit Removal
Rule).

Hinh 13 mb ta thiét ké ctia khdi luu cac cot ma tran Kronecker Gy 1201. Tin hiéu
xung m& rong dugc dua t61 bo dém thir nhit 1301 ting dan sau mdi chu ky xung nhip.
Dau ra ciia bo dém thir nhat 1301 duoc dua téi dAu vao dia chi cua cac bo nhd chi doc
ROM 1302. Cac phﬁn tlr trén cac cot ctia ma tran Kronecker Gy dugc luu trit trong cac
bd nhd chi doc ROM 1302 va duogc doc ra theo chu ky cta xung nhip.

Hinh 14 mo6 ta thiét ké cua khoi tao xung didu khién 1202. Tin hiéu xung mé rong
duoc dua vao bo dém thir hai 1401 tang dan sau moi chu ky xung nhip. Gia tri thu dugc
tai dau ra bod dém duoc dua téi dau vao cia Y bo so sanh hai dau vao 1402. Cac bo so
sanh hai diu vao 1402 thuc hién phép so sanh nho hon hoac bang gia tri dau ra bo dém
voi cac gia tri hé $0 tang din tir 1 dén Y. Dau ra cia cac bd so sanh hai dau vao 1402
chinh 14 céc tin hiéu diéu khién dugc dua t6i khbi nhan vo hudng 1204.

Hinh 15 mé ta thiét ké caa khéi dao chudi bit 1203. Chudi Y bit dau vao duoc
dua t6i ddu vao dit liéu (duge ky hiéu 1a “data”) ciia bo nhé truy xuat ngau nhién
(Random Access Memory - RAM) 1504. BO dém thir ba 1501 thuc hién dém ting dan
tr 1 dén Y va bd dém tha tu 1502 thuc hién dém giam dan tr Y dén 1 duoc dua vao hai
dau vao cta bo lua chon thir tw 1503. Tin hiéu dau ra bo lua chon thir tu 1503 dugce dua

téi dau vao dia chi (ky hiéu 1a “add”) ctia b nhé truy xuat ngﬁu nhién RAM 1504.
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Hinh 16 mé ta thiét ké ciia khéi nhan vo hudng 1204. Khoi nhan vo hudng 1204
nhéan ba ngudn tin hiéu diu vao 1a chudi Y bit tir diu ra khdi déo chudi bit 1203, tin higu
diéu khién tir khoi tao tin hiéu diéu khién 1202 va thong tin vé cac cOt cia ma tran
Kronecker tir khoi luu cac cot ma tran Gy 1201. Trong khéi nhan vo hudng 1204, cac
khéi cong tich lity 1601 s& thuc hién phép nhan vo hudng theo nguyén tac loai bo bit
(BRR - Bit Removal Rule). Pau ra cia cac khdi cong tich lily 1601 s& duoc két hop lai
thong qua phép 16-gic OR sur dung khdi 16-gic OR 1602.

Hinh 17 mé ta thiét ké cia khdi cong tich liiy 1601 thir k bét ky trong tong s0 Y
khoi cong tich lity theo nguyén tic loai bo bit (BRR — Bit Removal Rule). Tin higu thu
duoc tir cot thi k ctia ma tran Kronecker Gy duge dua t6i chan didu khién cua bo lua
chon thir nam 1701. Piu ra cta bo lua chon tht nam 1701 dugc dua téi dau vao thu
nhit ctia b cong 1703. Bo cong 1703 thuc hién phép cong tich liy v6i hai dau vao 1a
hai gia tri thu duoc tir bo lwa chon thtr nam 1701 va bd lua chon thir sau 1702. Tin hiéu
didu khién thi k duoc dua t6i cac chan diéu khién cua bo lua chon thir sau 1702 va bd
lua chon thir bay 1704. Pau ra cua bo lua chon thir bay 1704 chinh la mau tht k thu
dugec.

Hinh 18 mé ta so dd két ndi cac khéi con trong khdi Khdi nhan vo hudng theo
6t 803. Cac chudi Y mau thu dugc tir cac khoi nhan vo hudng 1204 dugc dua téi cac
khéi ddo va lip mau 1801 cung voi tin hi¢u xung mo rong. Khoi luu cac hang ma tran
Gx 1802 thuc hién luu cac phﬁn ttr trén cac hang cua ma tran Kronecker Gx theo tin hiéu
didu khién tir dAu ra cta khdi dao va 1ap mau 1801. Khdi nhan vo hudng trong truong
hitu han 1803 két hop v6i khéi cac khéi dao va Iip mau 1801 s& thuc hién 1ap mau va
nhan vo hudng theo nguyén tdc 1ap mau két hop nhén vo hudng trong truong hitu han
(Sample Repeat and Scalar Multiple) SRSM dé thu duoc chudi bit ddu ra sau ma hoa
phan cuc.

Hinh 19 mé ta thiét ké khéi dao va lap mau 1801. Tin hiéu diu khién duoc dua
vao khéi tao xung diéu khién X ludng 901 d tao ra tin hiéu tudn hoan ¢6 chu ky bang
X l1an chu ky xung nhip va c6 do rong xung bang mot chu ky xung nhip. Tin hi€u nay
sau d6 dugc su dung dé didu khién bo dém thir tu 1901 thuc hién dém tang dan tr gia
tri 1 dén gia tri Y. Tin hiéu didu khién tai dau vao duoc dua t6i chan diéu khién ciia bd
dém thir nam 1902 thuc hién dém Tui tur gia tri Y dén gia tri 1. Tin hi€u dau ra cua hai

b6 dém dugce dua toi bd lua chon thir tam 1903. Pau ra cua bo lua chon thir tam 1903
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duoc néi truc tiép vio dau vao dia chi cia bo nhé RAM 1904, dieu khién viéc doc va
ghi chudi mau Y bit dau vio. Tin hiéu diéu khién diu vao ciing duoc dua qua khéi mé
rong xung 902 dé tao xung diéu khién d4u ra c6 do rong chinh bang N chu ky xung nhip.
Bo lua chon thir chin 1905 léy tin hiéu tai dau ra bo lya chon 1am tin hiéu diéu khién dé
trich xuét chudi mau diu ra khdi dao va 13p mau.

Minh 20 m6 ta thiét ké khéi luu c4c hang ma tran Gx 1802. Tin hiéu diéu khién
tai dau ra khéi dao va lap mau 1801 dugc st dung dé diéu khién bd dém thi sau 2001
thuc hién dém tang dan tir 1 dén X_ Tin hiéu dau ra bd dém thit sau 2001 duogc dua téi
dau vao dia chi ciia cac bd nhd ROM 2002. Cac bo nhé ROM 2002 ¢6 nhiém vu luu cac
phén tir trén cac hang ciia ma tran Kronecker Gx. B lua chon thi muoi 2003 st dung
tin hiéu didu khién dé trich xuat cic gia tri doc dugc tlr cac bo nhd ROM 2002.

Hinh 21 mé t4 thiét k& khéi nhan v hudng trong truong hitu han 1803. Chudi
mAu dau ra khéi lip mau cia ludng dit liéu thir k dugc két hop voi hang thit k ctia ma
tran Kronecker Gx bang phép 16-gic AND qua khoi 16-gic AND 2101. C6 tat ca X khoi
16-gic AND 2101 tuong g vdi X ludng dit liéu song song. Tin hiéu tai dau ra ctia X
khéi 16-gic AND dugc dua t6i khdi 16-gic XOR 2102. Khoi 16-gic XOR 2012 két hop
v6i X khdi 16-gic AND thuc hién phép nhan v6 hudng trong trurong hitu han. Két qua
dau ra khoi 16-gic XOR 2102 thu duoc chudi bit sau ma héa phan cuc.

Tham chiéu hinh 2, c4c vi du vé ma tran Kronecker Gz, G4 va Gs. Dac diém cua
cac ma tran Kronecker 1a vudng va c6 dang tam giac trén. Hon nira, cac ma tran
Kronecker chi ton tai cac phan tir 0 va 1 va c6 cac phan tir trén dudng chéo chinh béng
1. Ma tran Kronecker G» dugc goi 1a ma tran nguyén thuy. Cac ma tran Kronecker cap
16n hon 2 thuong duoc xac dinh thong qua ma tran nguyén thuy nay. Mot cach tong
quat, ma tran Kronecker vuong cap N duoc xac dinh theo cong thic: G = G,*" voi

n=log, N.

Theo phuong an thuc hién sang ché, tham chiéu hinh 7, phuong phéap tinh toan
song song cho ma héa phén cuc dé nang cao toc @6 cho k¥ thuat ma hoa kénh truyén
trong cac hé théng di dong thé hé 5 duoc thuc hién tuan ty nhu sau:

Bude 1: Song song hoa chudi N bit dau vao thanh X ludng, mdi ludng Y bit theo
nguyén tac cot trude, hang sau (Row After Column - RAC).
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Tai budc nay, chudi N bit dAu vao duoc chia thanh X ludng song song, moi ludng
chita Y bit thoa man didu kién: X XY =N theo nguyén tic cot trudc, hang sau (Row
After Column - RAC). Tuc 1a néu xem két qua dau ra cia budc nay 1a mot ma tran g6m
X hang va Y cot thi cac bit cua chudi N bit dAu vao duoc sip xép vao ma trdn mot cach
thir tu theo nguyén tac cot trude, hang sau.

Cu thé, tham chiéu hinh 8, chudi N bit diu ra sau khdi 4n dinh vi tri bit (dugce ky
hiéu 12 u) dugc dua té1 hé théng ma héa phan cuc st dung k¥ thuat tinh toan song song
hoéa (Parallel Computationfor Polarization Encoding - PCPE) theo dé xuat ciia sang ché.
Péu tién, chudi bit dau vao duogc dua t6i khéi chuyén do6 nbi tiép song song 801 dé thuc
hién chuyén doi ludng N bit ndi tiép dau vao thanh X ludng song song, mdi ludng co6 Y
bit dit liéu theo nguyén tic sap xép RAC.

Budc 2: Xem moi hang trong ma tran thu duoc tai budc 1 1a mot luéng Y bit,
nhan Y bit tai moi lu6ng vé§i cac cot cia ma tran Kronecker Gy, két qua thu duoc biéu
dién thanh hang theo nguyén tac loai bo bit (BRR — Bit Removal Rule). |

Tai budc nay, thuc hién nhan moi lu6ng Y bit thu dugc tir bude 1 vo1 ma tran
Kronecker Gy theo nguyén tac loai bo bit (BRR — Bit Removal Rule). Do cac ludng Y
bit 1 doc 1ap voi nhau nén c6 thé thyc hién dong thoi phép nhan X ludng Y bit véi ma
tran Kronecker Gy. Theo do, cac phﬁn tir trén cac cot ctia ma tran Kronecker Gy dugc
luu vao cac bd nhd chi doc ROM va duoc st dung lam cac tin hiéu diéu khién cho cac
ludng Y bit. Két qua dau ra thu dwgc moi ludng dugc biéu dién theo hang. Cudi cing,
tai budc nay, thu dugc X ludng dii liéu, moi ludng bao gom Y mau.

Khéi nhan vo huéng theo hang 802 nhén cac ludng dit liéu song song tur khoi
chuyén doi ndi tiép song song va thuc hién nhéan v6 huong timg luong dit liéu song song
v6i ma tran Kronecker twong Gmg theo nguyén tac loai bo bit (BRR — Bit Removal Rule).
Cu thé, sau khi nhan duogc X ludng song song, mdi ludng c6 Y bit tur dAu ra khdi chuyén
d6i ndi tiép song song, khéi nhan v hudng theo hang802 thuc hién phép nhan vo hudng
mdi ludng Y bit véi ting cot ma tran Kronecker Gy theo nguyén téc loai bo bit (BRR —
Bit Removal Rule). Ma tran Kronecker Gy ¢ tht ca Y cot, do do, két qua dduraco Y
gi4 trj duoc biéu dién thanh hang trén mdi luong.

Budc 3: Nhan vo huéng ma tran thu duoc ¢ budc 2 véi cac cOt ciia ma tran
Kronecker Gxtheo nguyén tac 1ap mAau két hop nhan v6 hudng trong trudng hiru han
(Sample Repeat and Scalar Multiple) SRSM.

9
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Tai budc nay, phép nhan v6 hudng theo cot duoc thuc hién theo nguyén tac lap
miau két hop nhan vo huéng. Theo d6, thuc hién song song hoa theo nguyén tic 1ap mau
két hop nhan v hudng trong truong hitu han (Sample Repeat and Scalar Multiple)
SRSM trén X luéng dit liéu thu duogc & budce 2 voi ma tran Kronecker Gx, tai moi 1u6ng
dAu ra lac nay, thu duge N mau dir liéu. Cong tuong tng tung phan tir trén cc ludng
trong truong modun 2, két qua cudi cung thu duoc chudi N bit diu ra sau ma hoa.

Cu thé, khdi nhan vo huéng theo cot 803 nhén céac ludng dit liéu song song 1a dau
ra ctia khdi nhan vd hudng theo hang 802 va thuc hién phép nhan v6 huong véi tung cot
cia ma tran Kronecker dua theo nguyén tac lap mau két hop nhan vo hudng trong truong
hitu han (Sample Repeat and Scalar Multiple) SRSM. Két qua sau khi thuc hién nguyén
tac lap mau két hop nhan vo hudng trong truong hitu han (Sample Repeat and Scalar
Multiple) SRSM thu duge N mau dit liéu trén cac ludng song song. Tién hanh cong timg
mau dit liéu trén cac ludng trong trudng modun 2, thu duoc chudi N bit dau ra sau ma
hoéa. Dau ra ciia hé théng ma héa phan cuc 1a mot chudi N bit sau ma héa (dugc ky hiéu
la d).

Mot cach tong quat, sang ché dé xuat khac biét véi cac giai phap cung loai e
xuét & cho:

St dung k¥ thuat tinh toan song song tai budc ma hoa 2 nang cao toc do xtr ly
ma hoa cling nhu gidm thiéu thoi gian tinh toan. Chudi bit dau vao duoc chia thanh cac
ludng song song, budc ma hoa dugc thuc hién dong thoi trén cac ludng song song nay.

Cac ph:?m tr cia ma tran Kronecker dugc luu vao cac bo nho chi doc ROM va
duoc sir dung chung d& ma hoa cac ludng, do do, tiét kiém tai nguyén phan cang cho
viéc luu trit dit liéu, dac biét trong truong hop $0 lugng bit d4u vao 16n dan dén kich
thudc ctia ma tran Kronecker tang 1én

Khébi mi hoa phan cuc c6 nhiém vu tao ra chudi N bit ddu ra sau ma hoa tir chudi
N bit d4u vao sau khi d xac dinh xong vi tri ctia cac bit mang thong tin. Theo do, chudi
N bit diu ra khdi 4n dinh vi tri bit s& dugc nhan véi ma tran Kronecker vuong cép N.
Khac v6i phuong phap truyén thong, trong k¥ thuét tinh toan song song héa (Parallel
Computationfor Polarization Encoding - PCPE), khoi ma hoa sé& st dung phuong phap
tinh toan song song dé nang cao toc 46 ma hoa va giam thoi gian xu ly.

Cac vi du thuc hién sang ché

10
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Xét truomng hop chudi dit liéu dau vao c6 4 bit dugce ky hiéu Ia {a,,a,,a5,a,}. Két

qua phép nhan truc tiép chudi bit v6i ma tran Kronecker G, dugc trinh bay nhu sau:

1 0 0O
1 100
[a, a a, a,] =[a, +a, +a, +a, a,+a, a,+a a,].
1 010 i
11 11

C6 thé nhan thay, thuc chat ctia phép nhéan v hudng chudi bit ddu vao va céc
vecto cot cia ma tran Kronecker chinh 1a phép cong cac phan tir ctia chudi bit dau vao
theo tin hiéu didu khién muc cao chinh 1a cac vecto cot cua ma tran Kronecker. Vi du,
tai cot thir 2 cta ma tran Kronecker, phﬁn tur tai hang 1 va hang 3 bﬁng “0”, va tai cot
thir 2 clia vecto du ra ciing thiéu hai phan tir ciia chudi bit dau vao tuong ung 1a a,,a,.
Tai cot thit 3 ctia ma tran Kronecker, ph?m tir tai hang 1 va 2 bﬁng “0”, va tai cot thir 3
ctia vecto dau ra ciing thiéu 2 phan tir cua chudi bit dau vao tuong tmg 1a a,,a,. Tai cot
thir 4 ctia ma tran Kronecker, ph?m tu tai hang 1, 2 va 3 bﬁng “0”, va tai cOt thir 4 cua
vecto ddu ra ciing thiéu 3 phan ti clia chudi bit dau vao tuong ung 13 ¢,,a,,a,. Mot cach
tong quat, nguyén téc loai bo bit (BRR — Bit Removal Rule) cho phép nhén v6 huong
chudi bit diu vao véi cac cot ma tran Kronecker duoc phat biéu nhu sau:

“Néu phan tir tgi hang i, ¢gt j ctia ma trdn Kronecker bang 0 thi tai cot thit j ciia
chudi dau ra, hang tir thir i trong phép cong cac phdn tir ctia chudi bit dau vao sé dirgc
logi bo”.

Thuc hién phép chuyén dbi chudi 4 bit dau vao thanh 2 ludng song song, mdi
ludng 2 bit. Sau d6 sap xép lai thanh mot ma tran vuong cap 2 theo nguyén tac cot trudc,

hang sau (Row After Column - RAC) nhu mo ta trong hinh 4 thu dugc két qua nhu sau.

Tiép theo, xem mdi hang ctia ma tran thu dugc ¢ trén 12 mot chudi con 2 bit. Khi
d6, ta c6 hai chudi con 1a {al,a3} va {az, a 4}. Nhan v6 hudng ting chudi con 2 bit nay
nay v6i ma tran Kroneker Gz theo nguyén tic loai bo bit (BRR — Bit Removal Rule) nhu
mé ta trong hinh 5, két qua thu duoc trén mdi chudi con 2 bit duoc viét thanh hang nhu

dudi day.

11



53710 12176

\:Cll+a3 aﬂ
a,+a, a,

Hinh 6 md ta cac budc thuc hién phép nhan vo huéng timg cot cia ma tran thu
duoc & phia trén véi timg cot ciia ma tran Kronecker Gz. Tu hinh 6 ¢6 thé nhan thay,
thuc chat cia phép nhan vd hudng theo cot nay chinh la phép 1ap cac mau dit liéu theo
hang sau d6 thuc hién cic phép toan cong va nhan trong truong modun 2. That vay, xét
chudi con thir nhat: {al + a3,a3}va hang thi nhét ciia ma tran Go: {1,0}. Mdi phan tir
trong chudi {al + a3,a3} duoc 1ap lai 1an luot 2 lan, tré thanh: {01 +a,,a, + a3,a3,a3}
. Ddng thoi véi d6, cac hang ciia ma tran Kronecker Gz theo thur tu ciing dugc lap lai 2

lan va tré thanh: {1,0,1,0}. Thuc hién phép nhén tuong ng mot-mot hai ting phan tir
trong hai chudi sau khi lap mau, thu duoc chudi A: {al + a3,0,a3,0}. Thuc hién tuong
tu nhu trén ddi véi chudi con thir 2: {az + a4,a4}vz‘1 hang thr hai cia ma tran Go: {1,1}
thu duoc chudi B: {a2 +a,,a,+a 4,a4,a4}. Cong tuong ung mot-mot tung phan tir trén

hai chudi A va B thu duoc két qua tuong tu nhu phép nhén truc tiép theo phuong phap

truyén thong [a, +a,+a,+a, a,+a, a,+a, a,]

Chit ¥ riing, chudi bit du ra sau cing chinh 1a két qua thu dugc voi cac phép toan
cong va nhan dugc thuc hién trong truong modun 2. Trong truong modun 2, toan tu
“cong” tuong tng voi phép “XOR” 2 bit con toan tir “nhan” twong tng vdi phép “AND”
2 bit.

(a+b)mod 2 =(amod2) XOR (b mod 2)
(axb)mod2 =(amod2) AND(bmod 2)

Pé chang minh tinh hiéu qua va dang din cua sang ché, ki thuat ma hoa phan
cuc dugc tich hop vao ludng xur 1y tin hiéu dudng xubng ciia kénh dir liéu quang ba
PBCH cuia hé théng thong tin di dong the hé 5.

Déi v6i kénh quang ba PBCH, chudi thong tin dau vao c6 do dai 1a 56 bit dugc
dua qua khbi dan xen dé chong 161 cum, trude khi dua vao khéi 4n dinh vi tri bit dé xac
dinh vi trf ctia cac bit mang thong tin. Pau ra khdi 4n dinh vi tri bit 1a chudi 512 bit trong
d6 c6 56 bit mang thong tin va 456 bit du thua. Chudi 512 bit nay dugc dua vao khoi
m3 hoa phan cuc c6 ap dung k¥ thuat tinh toan song song hoa (Parallel Computationfor
Polarization Encoding - PCPE) nhu 8 xuét cia sang ché.

12
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Khéi ma hoa phan cuc ap dung ky thudt tinh toan song song hoa (Parallel
Computationfor Polarization Encoding - PCPE) bao gbm 3 khdi con nhu md ta trong
hinh 8 dwoc thiét ké hoan toan trén phan cimg vi mach s6 kha trinh (Field Programmable
Gate Array - FPGA) nham tan dung kha ning xt Iy nhanh chong. Theo do, khéi chuyén
d6i ndi tiép song song 801 thuc hién chia chudi 512 bit dau vao thanh 8 ludng song song,
mdi ludng c6 dd dai 64 bit theo nguyén tac cot trude, hang sau (Row After Column -
RAC). Khéi nhan vo hudng theo hang 802 nhan 8 ludng song song 64 bit tir dau ra khéi
chuyén d6i nbi tieeos song song, sau d6 thuc hién nhan v6 hudng doc lap timg ludng 64
bit véi ting cot ciia ma tran Kronecker vuong Ges theo nguyén tac loai bo bit (BRR —
Bit Removal Rule). Cac phan tir ciia ma tran Kronecker G64 1a ¢b dinh d6i véi kénh dit
liéu quang ba (Physical Broadcast Channel - PBCH), do d06, cac ph?m tu trén cac cot cua
ma tran nay c6 thé duoc Iuu trit trong bd nhé chi doc va co thé st dung chung cho tit ca
8 Tudng dit liéu. 8 ludng dit liéu 64 mAu tai diu ra kh6i nhan v6 huéng theo hang duoc
dua t6i dau vao khoi nhan vo hudng theo cot 803. Tai day, 8 luéng dit liéu 64 mau sé&
dugc nhan vo hudng voi ma tran Kronecker Gg theo nguyén tac SRSP dé thu dugc chudi
512 bit d4u ra. Tuong tu nhu trong khdi nhan v hudng theo hang 802, cac phan tir cia
ma tran Kronecker Gs 1 c6 dinh ddi voi kénh dit liéu quang ba (Physical Broadcast
Channel - PBCH). Do dd, cac hang ciia ma tran Gg ¢ thé duoc luu trong bd nhé chi doc
va dugc str dung chung cho ca 8 ludng dit liéu.

Heé thdng kiém tra phuong phap ma hoa phan cuc theo dé xuét cta sang ché nhu
mo ta trong hinh 22 bao gdm bo phat dit liéu dau vao khoi ma hoa phén cuc va phan
mém giai mé dit liéu. B phat dir liéu ma hoa phén cuc phat chudi 56 bit 14 dau vao clia
khoi ma hoa phan cuc. Khoi ma hoa phan cuc sit dung k¥ thuat tinh toan song song hoa
(Parallel Computationfor Polarization Encoding - PCPE) mi héa chudi 56 bit dau vao
thanh 512 bit diu ra. Chudi 512 bit diu ra duoc dwa vao phan xt Iy muc ky tu trude khi
duoc dua t6i dau vao khoi gidi ma.

Hiéu qua dat dugc ciia sing ché

Phuong phéap theo sang ché 1a kha thi, dé 4p dung va dam bao céac y€u cau vé
hiéu nang cua hé théng. Thay vi tinh toan nhan chudi bit ddu vao véi ma tran tuan tu va
ndi tiép, ki thuat tinh toan song song hoa (Parallel Computationfor Polarization
Encoding - PCPE) thuc hién mé héa phan cuc theo phuong phap song song, chia chudi

bit dAu vao thanh cac ludng song song va thuc hién tinh toan ddng thoi trén cac ludng

13
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song song nay. Dicu nay vira dam bao giam thoi gian xu ly ma héa chuoi bit, lam tang

tbc d6 xur 1y thong tin, vira dam bao sit dung higu qua tai nguyén luu trir.

14
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Yéu ciu bio hd

1. Phuong phap tinh toan song song cho hé théng ma hoa phén cuc gém nhiing
budc sau:

buée 1: chia chudi bit cAn ma hoa thanh X ludng, mdi ludng c6 Y bit, trong d6
X 12 sb ludng, Y 14 so bit trong moi ludng, ca X va Y déu 1a s6 nguyén duong, N 1a 56
bit ctia chudi bit can ma hoa va bang X nhan véi Y;

budc 2: thuc hién phép nhan vo hudéng cua moi luéng bit Y thu duogc & bude 1
véi mdi ¢t ctia ma tran Kronecker binh phuong bac Y (ky hiéu 1a Gy) dé thu duoc X
ludng dau ra, moi ludng dau ra c6 Y mau, mdi mau 12 mot sd vo hudng va la phép nhan
ctia mdi ludng bit Y tir Bude 1 va moi cot ciia ma tran Gy; trong d6 X va Y la cac 50
nguyén duong tir bude 1;

bude 3: thu dugc X ludng, mdi ludng cé N bit bang cach nhan d6i ting bit trong
moi ludng Y-bit thu dugc tir bude 2 X lan trong d6 X, Y va N 1a cac s6 nguyén duong
tir bude 1;

budc 4: thu dugc ma tran ¢6 X hang va N cot béng cach nhan d6i moi hang cia
ma tran Kronecker binh phuong bac X (ky hiéu la Gx) Y lan trong d6 X, Y va N 1a cac
s6 nguyén dwong tir budc 1;

bude 5: thuc hién phép nhan vo hudng cia m&i miu phén tir trong moi ludng
tir bude 3 véi mdi mau trong mdi hang ctia ma tran tur budc 4 dé thu duoc X luéng, moi
ludng c6 N mau, mdi miu 1a phép nhén cia moi mau trong mdi ludng tir bude 3 véi modi
mAu trong mdi hang ctia ma tran tir bude 4; trong d6 X va N 1a cac s6 nguyén duong tir
bude 1;

bude 6: thu duge chudi bit bing cach thyc hién phép cong mdi mau trong mdi
ludng tr bude 5 két hop vé6i phép toan modulo.
2. Phuong phép tinh toan song song cho hé théng ma héa phén cuc theo diém 1,
trong d6 budc 1 ciia phuong phap bao gom:

thu duoc X ludng bit, mdi ludng c6 Y bit theo dinh nghia sau:

{Bk, Bx+k, Box+k, Baxik. .., By-1)x+k}

trong d96, k 1a mot s6 nguyén duong, k= {1,2,3, ..., X} biéu thi ludng thir k

trong X lu@)ng; {Bk, Bx+k, Baxsk, Baxek. .o, By-1)x:k} 1a mot biéu dién nhi phéan biéu thi
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cac bit ¢ vi tri k', Ok, 2X+HOM, XA, L, ((Y-DX+K)™ ciia chudi bit dau vao
dugc ma hoa c6 do dai N.
3. Phuong phap tinh toan song song cho hé théng ma hoa phan cuc theo diém 1,
trong d6 budc 3 cua phuong phéap bao gom:

nhan d6i mdi mu trong mdi ludng mau Y thu duge tir bude 2 X lan theo dinh
nghia sau:

ludng thir k™ bao gdm N bit:

{Bx, By, ..., Bk, Bx+k, Bxsk, ..., Bxk, Box+k, Baxsk, ..., Baxsk, - os

Bey-1)x+k Bey-nx+k, - ., Boy-1)xek

trong d6 k 1a mot s6 nguyén duong, k= {1, 2,3, ..., X} biéu thi ludng thir k'
trong X ludng; {Br, Bxk, Bax+k, Baxek..., Bov-xk} 1a mot biéu dién nhi phén biéu thi
cac bit & vi tri thi k, (XHOM, 2X+k)®, ., (Y-D)X+k)™) ciia chudi bit dau vao duge
ma hoa c6 do dai N . Mdi bit Bj vai j = {k, X+k, 2X+k, ..., (Y-1)X+k)} dugc nhén doi
X lan.
4. Phuong phap tinh toan song song cho hé théng ma hoa phén cuc theo diém 1,
trong d6 budc 5 ctia phuong phap bao gom:

thu duoc X ludng dau ra, mdi ludng c6 N mau, mdi mau 1a tich cia mdi phan
tir trong moi ludng tir bude 3 véi m S phan tir trong moi hang ciia ma trdn (o bude 4 theo
dinh nghia sau:

ludng thit k™ bao gom N mau:

{D1), Dik.2), Dy, Dy, ., D

trong do k 1a s6 nguyén duong biéu thi chi s6 ludng, k= {1,2, ..., X}; X1a s6
ludng; Deiy véii= {1, 2, ..., N} duoc sir dung & biéu didn mAu dau ra i" cia luong k™.
5. Phuong phap tinh toan song song cho hé théng ma hoa phén cuc theo diém 1,
trong d6 budc 6 cua phuong phap bao gbm:

thu duge ludng dau ra c6 do dai N bang cach thuc hién phép cong ting phan tir

ctia moi luong tiv birde 5 theo cong thire sau:

X
Si = z Deiy

k=1
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trong do, k 1a mot $6 nguyén duong biéu thi chi s6 ]uéng, k={1,2,...,X};1la
mot s6 nguyén duong biéu thi chi s6 mau cta ludng daura,i= {1, 2, ..., N}; D(ki) duogc
st dung dé biéu difn mau i trong ludng k™; S; duoc st dung dé biéu dién mau thir i
cua 1u611g dau ra;
thu duoc timg bit duge ma hoa (ky hiéu la Ci) theo cong thirc sau: Ci=
modulo(Si,2); trong d6 Ci duoc st dung @& bidu dién bit thir i cua ludng bit drroc ma
héa phan cuc, C; ={0, 1}, phép toan “Modulo” dugc st dung dé tim phﬁn du caa phép
chia S; cho 2.
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