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LOI MO DAU
Ngay nay, nhu cau truyén thong khong diy cang ngay cang ting. Cac hé théng
thong tin tuong lai doi1 héi phai c6 dung luong cao hon, tin cay hon, st dung bang
thong hiéu qua hon, kha niang chéng nhiéu t6t hon. Hé thong thong tin truyén thong
va cac phuong phap ghép kénh cii khong con kha ning dap tmg duoc cac yéu cau
ctia hé thong thong tin tuong lai.

Trong hé thdng thong tin di dong, k¥ thuat phan tap duoc st dung dé han ché
anh huong cua fading da dudng, ting do tin ciy truyén tin ma khong phai ting
cong suit phat hay bang thong. Thuc té cac ki thuat phan tip cho phép loi dung
nhimg nhuoc diém do kénh truyén gay nén trong hé thong thong tin vo tuyén da
dugce nghién ciru nhidu. Trong nhimg nim gan ddy, ky thudt phan tap da ngudi
dung ciing da va dang duoc nghién ctru trong nhimg hé thoéng tin cho thé hé 4G
nhim nang cao chét luong hé thong nay. Hién nay da song mang di duoc tng dung
trong hé thong tin LTE, WIMAX...Vay phan tap da nguoi dung duoc ap dung nhu
thé nao trong hé da song mang. Xuit phat tir ¥ tuong trén toi da lya chon dé tai luan
van tot nghiép ciia minh 13 ”Phéan tip da ngwoi dung trong h¢ OFDM”, mot
truong hop riéng cuia da sobng mang.

Muc dich cta luan vin nay 1a dé tién hanh tim hiéu k¥ thuat phan tap da nguoi
dung trong viéc chia sé tai nguyén vo tuyén gitta cac nguoi dung voi cac yéu cau
dich vu khac nhau. Thong qua cac thuat toan 1ap lich va mé phong MATLAB, cac
tinh ning ctia cac thut toan dugc phan tich va so sanh, danh gia khi trién khai y
tuong phan tap da nguoi dung két hop véi hé da song mang OFDM. Tur d6 dua ra
cac nhan xét va chon ra phuwong phép lap lich tdi uu Gmg véi timg diéu kién cu thé.
Noi dung ludn vin gom 4 chuwong:

Chuong 1: Khai niém phan tap va ky thuat phan tap da ngudi dung

Chuong 2: Ky thuat OFDM

Chuong 3:Mot so thuit toan 1ap lich dung trong hé¢ OFDM, da nguoi dung
Chuong 4: M6 phong

Trong qua trinh thuc hién luan vin khong tranh khoi nhiing thiéu soét, t6i rat mong
nhan dugc nhiéu y kién dong gop cua cac thiy co gido, cac anh chi va cac ban dé
luan van dugc hoan thién hon. Té1 xin chan thanh cam on!
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Chuong 1. KHAI NIEM PHAN TAP VA KY THUAT PHAN TAP PA
NGUOI DUNG

1.1. Hién twgng fading da dwong

Do tinh chét ctia méi trudng vo tuyén, tin hiéu RF truyén qua kénh truyén vo
tuyén s& lan téa trong khong gian dap vao cac vat can phan tan rai rac trén dudng
truyén nhu xe ¢d, nha ctra... gy ra cac hién tuong phan xa, tan xa, nhiéu xa. Cac
ban sao nay sé& theo cac duong dai ngin khac nhau truyén téi may thu do dé tin
hiéu thu 1a tong cla tit ca cic ban sao ndy nén tin hiéu thu duoc s& bi ting cudng
hay suy giam, hién twong nay goi 13 hién tuong fading da duong. Diéu d6 dan dén
tin hiéu nhan dugc tai may thu s& thay doi nhiéu so véi tin hiéu tai may phat, lam
giam dang ké chét luong truyén thong. Tuy theo ddp Gng tin sd ctia mdi kénh
truyén ma ta c6 kénh truyén chon loc tan sé hay kénh truyén phang, kénh truyén
bién d6i nhanh hay bién d6i cham. Tuy theo dudng bao cua tin hiéu sau khi qua
kénh truyén c6 phan bd xac suit theo ham phan b Rayleigh hay Rice ma ta co
kénh truyén Rayleigh hay Rice.

1.1.1. Kénh truyén fading phing

Néu kénh co do loi kénh khong d6i va dap Gmg pha tuyén tinh trong mot
khoang bang thong 16n hon bang thong cua tin hi¢u phat thi goi 1a kénh fading
phang. Trong fading phang, khi c6 da dudng cac dic tinh phd cua tin hiéu phat
dugc bao toan tai may thu. Tuy nhién cudng do cia tin hiéu thu thay doi theo thoi
gian do su thing giang vé d6 loi cua kénh do da duong[10].

5(1) o a0 r(t) .
s(r; hit. <) HeY)
s L _/._\_,
0 ]':', 0 T T,+1 << T,
}_[ L_s _ﬂ_/—\_f _1|j_| l_f
Je

Hinh 1.1 Péc tinh kénh fading phéng
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Trong kénh fading phing, chu ky ky hiéu cua tin hiéu phéat phai 1én hon
nhiéu so véi thoi gian trai tré da dudng cta kénh. Hinh 1.1 cho thay tinh chét cta
kénh fading phang vé mit thoi gian va tan sd. Tom lai, tin hiéu qua kénh fading
phang néu Bg << B¢ va Ts>>c,. Trong d6 Tg 1a do kéo dai tin hiéu va Bg 14 bing
thong cua diéu ché phat, o, 13 trai tré rms va B 1a bang thong két hop cua kénh.

1.1.2. Kénh fading chon loc tin so

Néu kénh c6 do loi khong d6i va dap tung pha tuyén tinh trong mot khoang
bang thong nhé hon bang thong cua tin hiéu phat thi kénh d6 tao ra fading lya chon
tan sb. Trong diéu kién nhu vay dap Gmg xung cta kénh co trai tré da duong 16n
hon chu ky ky hi¢u cua tin hi¢u phat. Khi do, tin hiéu thu dugc bao gé)m ca dang
song tin hiéu phat bi suy hao va tré theo thoi gian va do vay tin hiéu thu s& bi nhiéu.
Moi kénh truyén vo tuyén déu khong thé c6 dap umg bang phang trong ca dii tAn vo
tuyén, tuy nhién kénh truyén c6 thé xem la phang trong mot khoang nho tan sb nao
do.

s(t) ML 1) ) &
s(t) hit, 1) nt)
—rLz ﬂ: _r/—\_:
' 0T, ] T 0 T, T+t
oy 5 8
f 1 m. f J-L s
=g i —7 i —3) P

Hinh 1.2 Pac tinh kénh fading lya chon tan sb
Hinh 1.2 minh hoa tinh chét cua kénh fading lua chon tan s6 vé mat thoi gian
va tan sb. Trong fading lwa chon tan sd, phd S(f) cua tin hiéu phat c6 bang thong
16n hon bang thong két hop Bc ctia kénh. Khi thoi gian thay doi, kénh thay doi do
loi va pha lam pho cua s(t) bién doi, két qua 13 nhidu thay di theo thoi gian tai tin
hi¢u thu r(t).

Tom lai, tin hi¢u qua kénh fading Iya chon tan sd néu Bs >B¢ va Ts<o,.
Trong d6 Ts 1a do kéo dai tin hiéu va Bg 1a bang thong ciia diéu ché phat, o, 14 trai
tré rms va B¢ 13 bang thong két hop cua kénh.

14



1.1.3. Kénh fading nhanh

Dua vao sy thay doi cua tin hiéu bing co ban dugc phat khi so sanh voi toc
d6 thay ddi ctia kénh ma ta mot kénh c6 thé phan loai thanh kénh fading cham hoic
fading nhanh. Trong mét kénh fading nhanh, dap ung xung cta kénh thay dbi
nhanh trong khoang thoi gian ky hiéu. Thoi gian két hop cta kénh s& nhé hon chu
ky ky hiéu cua tin hiéu phat. Piéu nay gay ra su phan tan tan s6 do trai Doppler,
din dén méo tin hiéu. Quan sat trong mién tan s, méo tin hiéu do fading nhanh s&
tang 1én voi viée tang trai Doppler lién quan dén tin hiéu phat. Do d6, tin hiéu qua
kénh fading nhanh néu Ts > Tc va Bg <Bp,.

1.1.4. Kénh fading cham

Trong kénh fading cham, dép ung xung kénh thay doi véi téc do thip hon
nhiéu so véi tin hiéu phat bing co s& s(t). Trong truong hop nay, gia dinh rang
kénh c6 thé 6n dinh qua mot vai khoang chu ky ky hiéu. Ta biét, tin hiéu kénh
truyén vo tuyén s& c6 dap ung tan s khong doi theo thoi gian néu cdu triic cta
kénh truyén khong dbi theo thoi gian. Tuy nhién moi kénh truyén déu bién d6i theo
thoi gian, do cac vat thé tao nén kénh truyén luén ludn bién doi, ludn co vat thé mai
xuét hién va vat thé cii mat di, xe ¢ ludn thay ddi van tdc, nha ctra, cong vién, coO
thé duoc xay dung thém hay bi ph4 huy di. Khai niém kénh fading nhanh, cham chi
mang tinh trong dbi,thi du néu kénh truyén khong thay d6i trong khoang thoi gian
truyén mot ki tw Teympol , thi kénh truyén d6 duge goi la kénh truyén bién doi cham,
ngugc lai néu kénh truyén bién déi trong khoang thoi gian Tyympor, thi kénh truyén
bién do6i nhanh. Mbi trudng trong nha it thay d6i nén co thé xem la fading cham,
moi trudng ngoai troi thuong xuyén thay doi nén dugc xem 13 fading nhanh.

1.1.5. Kénh truyén Rayleigh

Trong fading Rayleigh s& c6 cac thanh tin hiéu dén may thu bi phan xa, tin
xa, nhiéu xa ma khong c6 thanh phan tin hiéu dén truc tiép may thu véi cong suit
vuot trdi. Trong kénh vo tuyén di dong, phan bd Rayleigh thuong dugc dung dé
théng ké sy thay d6i theo thoi gian ctua dudng bao thu duoc cua tin hiéu fading
phang hodc dudng bao ctia mot thanh phan da duong riéng 18. Ta biét dudng bao
ctia tong hai tin hiéu tap 4m Gauss truc giao tuan theo phan bd Rayleigh. Phan bd
Rayleigh c6 ham mat do xac suat[10]:
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r 7"2
p(r) = ?GXP(‘FJ (O=r==) (1.1)
0 (r <0)

Vi o la gia tri rms cua dién thé tin hiéu nhan duoc trude bd tach duong bao.
o 1a cong suit trung binh theo thoi gian.

1.1.6. Kénh truyén Rice

Nguoc lai trudng hop kénh fading Rayleigh, khi c¢6 thanh phan tin hiéu truc
tiép dén may thu thi phan bd sé& 13 Rice. Trong trudong hop ndy, cac thanh phan da
duong ngau nhién dén bo thu véi nhimg goc khac nhau duge xép chong 1én tin hiéu
LOS. Tai ngd ra cta bd tach dudng bao, diéu ndy c6 anh hudng nhu 1 cong thém
thanh phan mot chiéu vao cac thanh phan da duong ngiu nhién. Khi thanh phan
LOS bj suy yéu, tin hiéu tong hop trong gidng nhu nhidu c6 dudng bao theo phan
bb Rayleigh. Vi vay, phan bd tré thanh phan bd Rayleigh trong truong hop thanh
phan LOS mét di.

Ham mat do phan bo xéc suat cua phan bo Rice:

r —LHZIZ) Ar
() = ?e 20 10(?j (420,r20) (1.2)

0 r<0
A: Bién d6 dinh ctia thanh phan truyén thang.
I,: La ham Bessel cai tién loai 1 bac 0.

Phan b Rice thuong duoc mo ta boi thong sb k duge dinh nghia nhu 14 i s6
giita cong suat tin hiéu xac dinh (thanh phin LOS) va cong suit cac thanh phan da
duong:

A2

k=
202

(1.3)

k xac dinh phan b Rice va dugc goi 1a hé sb Rice.

Khi A — 0, k = 0 (-dB) thanh phan LOS bi suy giam vé bién do, phan bd Rice
tré thanh phan bd Rayleigh.
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k= —0o0dB

r
i) k=6dB

Hinh 1.3 Ham mat d6 x4c suét ctia phan b Rice

Hinh 1.3 mé ta ham mat d6 x4c suit ctia phan bd Rice k =-xdB (Rayleigh) va k =
6 dB. V&i k>>1, gia tri trung binh cua phan bd Rice xap xi v6i phan bd Gauss.

1.2. Khai niém phan tap

Trong mdi trudng vo tuyén, k§ thuat phan tap dugc sir dung rong rai dé 1am
giam anh huong cua fading da duong va cai tién do tin cdy ctia kénh truyén ma
khéng yéu cau ting cong suit phat hoic ting bing thong can thiét. K§ thuat phan
tap yéu ciu nhiéu ban sao tin hiéu tai noi thu, tit ca cung mang mot thong tin
nhung cd su tuong quan rt nho trong mdi truong fading. Vi vay, su két hop hop 1y
cua cac phién ban khac nhau sé lam giam anh hudéng cia fading va céi thién dg tin
cay cua dudng truyén.

C6 nhiéu cach dé thu dugc phan tp nhu phéan tap thoi gian, phan tap tan sd.
Trong mot kénh vai nhiéu anten phat hodc thu ta c6 phan tip khong gian. Do vy,
phan tap 1a mot ky thuat quan trong, trong mot hé thong vo tuyén co thé sir dung
vai loai phan tap.

1.2.1. Phan tap thoi gian
Phéan tap qua thoi gian c6 thé thu dugc khi thuc hién ma hoa va ghép xen:
thong tin dugc ma hoa va cac ky hi€éu ma hoa dugc phan tan theo thoi gian trong
cac chu ky két hop khac nhau dé cac cac phan khac nhau cta tir ma c6 thé doc lap
khi x4y ra hién tugong fading [7].
Gi4a su ta phat mot tor ma x=[x;...,X | chiéu dai ky hi¢u L va tin hi¢u thu la:
yvi=hx, +w. L=1, ..., L (1.4)
Gia sir ghép xen 1y tudng dé cac ky tu lién tiép x, dugce phat du xa theo thoi
gian, ta c6 thé gia thiét rang h; 1a doc lap.
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Hinh 1.4 Ttr ma dugc phat c6 va khong c6 ghép xen
Trong hinh 1.4 Cac tir ma dugc truyén céac cac ky hiéu lién tiép nhau va duoc
ghép xen, tir mi x, bi triét tiéu boi fading néu khong dung bo ghép xen kénh, néu
dung bo xen kénh thi mdi tir ma chi mat mot ky tu va ta co thé khoi phuc lai tir ba
ky tu khong bi anh hudng bdi fading.

1.2.2. Phan tip tan sb

Trong phan tip tan sb, sir dung cac thanh phan tan sd khac nhau dé phat cing
mot luong thong tin. Céc tan sb can dugc phan chia dé dam bao bi anh hudng cua
fading mot cach doc 1ap. Khoang cach giira cac tan sd phai 16n hon vai lan bang
thong két hop dé dam bao rang fading trén cac tan sd khac nhau 1a khong twong
quan. K§ thuat trai pho rat hiéu qua khi bang thong két hop cua kénh nho. Tuy
nhién, khi bang thong két hop cuia kénh truyén 16n hon bang thong trai phd, trai tré
da duong s& nhé hon chu ky tin hiéu. Trong truong hop nay, trai pho 1a khong hiéu
qua dé cung cdp phan tip tin sd. Phan tap tdn s giy ra su ton hao hiéu suit biang
thong tiy thudc vao su du thira thong tin trong ciing bang tan sd.
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1.2.3. Phan tap khong gian

Pé khai thac phan tap thoi gian can phai ghép xen va ma hoa qua cac chu ky
thoi gian két hop. Khi co cac rang budc vé do tré, thi phan tap nay co thé khong st
dung duogc. Liuc nay co thé su dung mot loai phan tap khéac goi la phan tdp anten
hay phan tip khong gian. Phan tap khong gian co thé thu duoc bang cach dat nhiéu
anten tai dau phat hodc dau thu. Néu cac anten dat voi khoang cach du xa, do loi
kénh gilra cac anten doc 1ap nhau. Khoang cach gitra cac anten phu thudc vao moi
truong tan xa cling nhu tin s6 séng mang. Voi thiét bi di dong ¢ gan mit dat véi
nhiéu tan xa xung quanh, khoang cach giita cac anten bang nira chiéu dai séng
mang la du. Pdi vé6i cac tram géc voi chiéu cao cot anten cao, anten 16n hon thi
khoang cach c6 thé vai dén vai chuc budc song.

Y& >Y Y><7Y

(a) (b) (c)

Hinh 1.5 Cac loai phan tap khong gian
Hinh 1.5 chi ra céc loai phan tap khong gian v&i hinh a: Phan tap thu st dung nhiéu
anten thu (SIMO) va hinh b: phan tap phat st dung nhiéu anten phat(MISO) va
hinh ¢ 12 kénh voi nhiéu anten phét va nhiéu anten thu (MIMO).

1.2.3.1. Phan tap thu

Tin hiéu tir dau phat s€ theo nhiéu duong dé t6i dau thu do phan xa, tan xa tur
mdi truong. Phan tap thu 1a k¥ thuat s dung nhiéu anten khac nhau & phia thu.
Céac anten thu s& thu dugc nhiéu ban sao cta cung mot tin hiéu truyén. Tin hiéu thu
dugc co thé thay d6i 16n qua mot vai chiéu dai budc séng trong moi truong nhiéu
tin hiéu da duong. Xac suat 13i bit (P.) cua QPSK trong cic kénh fading Rayleigh
1a x4u. Néu bo thu thu duogc vai kénh fading doc 1ap, mdi song mang cung tin hiéu,
n6 co thé két hop thong tin mdi dudng dan dé giam P, tai may thu nhu ta nhin thiy
& hinh 1.6. Ngoai ra, cac k¥ thuat phan tap thu c6 d6 phirc tap thip hon nhu phan
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tap chuyén mach tuc 1a lya chon thay ddi anten néu cuong dg tin hi€u anten thu
hién tai bi roi xuéng dudi mot ngudng xac dinh.

TR AE

N=k dbdoc=-1

E N (WB)

Hinh 1.6 Anh hudng ctia phan tap 1én P, tai dau thu

1.2.3.2. Phéan tjp phat

Phén tap phat 1 k¥ thuat sir dung hai hay nhiéu anten & phia phat dé phat tin
hi¢u, cong suét phat duoc chia cho cac anten phat. Phan tap thu kho dé thuc hién
tai may thu di dong do thiéu khong gian, cong suét, chi phi ting va phu thudc vao
loai hinh dang. Phan tap phat c6 yéu cdu phan cing va do phirc tap xtr 1y tin hiéu
dang ké d6i véi BTS. N6 c6 su bat loi vé cong suat do nang luong tir BTS dugc
phan chia gifra nhiéu thanh phan anten. Phan tdp phat c6 thé hodc khong thé phu
thudc vao su phan hoi tir bo thu. N6 thudng trién khai sir dung ma khong gian thoi
gian ma khong yéu cau phan hoi. Dé thuc thi phan tap phat c6 kha nhiéu cach khac
nhau nhu: luu dd phan tap-tré (truyén 13p lai qua cac anten theo thoi gian), ma ludi
khong gian-thdi gian, ma khéi khong gian — thoi gian, nhay anten....

1.2.4. Phan tap da nguoi dung

Phan tap da nguoi dung 1a mot k¥ thuat phan tap st dung lap lich nguoi dung
trong kénh v tuyén da nguoi dung trong d6 1ap lich nguoi dung cho phép tram gdc
chon cac ngudi dung kénh chét lugng cao hon dé phat thong tin duva trén théng tin
chét luong kénh phan hoi tir tat ca cac thiét bi nguoi dung. Khi ¢6 nhiéu nguoi
dung sir dung mang vo tuyén, chat lugng kénh cia cac ngudi dung khac nhau 1a
khac nhau. Néu tram gdc phat thong tin t§i ngudi ding dugc chon ngiu nhién, kénh
ctia ngudi dung duoc chon rd rang c6 thé thap hon nguoi dung c6 chit lugng kénh
tdt hon. Phan tap da nguoi dung co thé thuc hién néu tram géc ¢ thé biét duoc
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thong tin chat luong kénh trude khi truyén. Ta s& xét chi tiét dén loai phan tap da
ngudi dung trong phan tiép theo.

1.3. KY¥ thuat phan tap da ngud¢i dung

Khi truyén thong tin qua kénh vo tuyén, xét vé mat thoi gian khi khoang thoi
gian dé truyén thong tin 16n hon sy thing gidng cua kénh thi kénh fading try thanh
mot loi thé ma ta c6 thé khai thac. D6 1a nho kha ning theo ddi kénh va c6 kha
nang lam ting dung ning- ta goi 1a thong tin theo co hoi. Piéu ndy dan dén mot
kich ban da nguodi dung trong d6 st dung mdt hi€u g duoc goi la phan tap da
nguoi dung. Véi khai niém nay, ngoai vi¢c lya chon khi nao phat, ta c6 thém mdt
lya chon khac 1a phat cho ngudi dung nao[7].

1.3.1. Mo hinh kénh fading da nguoi dung
Xét trudong hop duong xudng (downlink) kénh fading phang cho trudong hop don
anten[2].
y,k[m]th[m]x[m] +wy/m/, k=1,....K, (1.5)
Trong dé: K 1a s6 ngudi dung
hy[m]: do loi kénh ctia nguoi dung k theo thoi gian m( iid: phan b, doc 1ap
ddng nhat)
wi[m] 12 nhiéu gauss trang cong tinh AWGN
cong suit phat trung binh cuta tin hiéu c¢6 rang budc P
Khi may phat theo doi sy thang gidng kénh cua cac nguodi dung, dung nang
tong duong xudng duoc thyc hién boi cach phat chi voi nguoi ding co kénh tét
nhat. Khi kénh thay dbi, ta chi nhit ra ngudi c6 kénh tot nhét tai mdi thoi diém va
phan bd ning luong cho cac song mang theo thuét toan rét nude véi diéu kién rang
budc cong suit trung binh 1a P.
Véi chién thuat nhu trén thi duong xudng tré thanh kénh diém - diém véi do loi
kénh phan b sao cho:
k=i 1Pl (1.6)
Sy phan bd cong suét chinh 12 bai toan rot diy nudc:

* _ l_ NO
Pr(W) =G~ o an) (1.7)

Trong d6 h=(hy, ..., hy) 14 trang thai fading lién két va A >0 dugc chon sao cho thoa

man dieu kién v€ rang budc cong suat[1].
Dung nang tong cuia duong xudng la:
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Hinh 1.8 Dung ning tong cta kénh fading Rayleigh dudng xudng
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Dung nang 1ng cla kénh pha ding Rayieigh dutmg xudng
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Hinh 1.9 Dung nang kénh theo SNR nhung l1a Cg,,/Cawgn ctia kénh fading
Rayleigh duong xubng

Tir (1.8), khi biét ddy du thong tin trang thai kénh, ta ¢ do thi dung ning tong da
ngudi dung kénh fading Rayleigh dudng xudng theo SNR - theo sé nguoi dung k:
Theo hinh 1.8 ta c6 nhan xét:
C tang theo SNR voi s6 nguoi dung khong ddi
C ting theo s6 nguoi dung véi SNR khong doi.
Dung nang kénh theo SNR nhung 1a Cg,,/Cawgn cia kénh fading Rayleigh duong
xubng. Theo hinh 1.9 ta c6 nhan xét:
Vung SNR am thi Cg,,/Cawgn [uon luén 16m hon 1.
Ving SNR duong thi Cyum/Cawen bé hon 1 v6i K=1, 1én hon 1 rat it voi K=16.

1.3.2. D0 l¢i phan tap da nguwoi dung

D6 loi phan tap da ngudi dung phu thudc vao cia sy phan bd fading |hy|*. Pai
luong nay cang 16n, cang c6 kha nang c6 mdt ngudi dung voi kénh manh do do do
loi phan tap cang 16n. Nhu di biét, mé hinh kénh fading Rice 1a m6 hinh néu kénh
truyén co ton tai duong truyén thang la thanh phan chinh cong thém rat nhiéu
duong phan xa nho.Théng sé k dugc dinh nghia 13 ty sé ning luong cta phan
truyén thang trén phan ning luong phan tan. Do ¢6 thanh phan dudng truyén thang
1am cho phan b Rice it ngdu nhién hon. Két qua cho thiy d6 loi phan tap da ngudi
dung 12 nho hon dang ké néu so kénh Rice v6i kénh Rayleigh.
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B4 kri phan t8p da ngudi ding cha pha dinh Rayleigh va Rice (k= 5}

Pha dinh Rayleigh
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Hinh 1.10 B¢ loi phan tap da nguoi dung gitra kénh Rice va kénh Rayleigh
Hinh 1.6 1a d6 thi Cqum SNR cho 3 truong hop kénh Rayleigh fading, Rice va kénh
AWGN

Ngoai ra, d0 loi phan tap co6 lién quan dén toc do di chuyén, khi van tdc
ngudi dung ting 18n, dic tinh suy hao s& co dot bién. Khi c6 trai Doppler, f; = v/
tang, thoi gian két hop cua kénh s& tré nén ngan hon va yéu cau téc do s& it tin cay
hon. Néu so sanh ky thuat phan tap cb dién v6i k¥ thuat phan tap da nguoi dung
déu 1a do sy xuét hién cia cac duong truyén tin hiéu fading doc 1ap. Tuy nhién,
cling c6 vai diém khac biét sau:

Béang 1.1 Bang so sdnh cac loai phan tip
Phén tip co dién Phan tap da nguoi dung

Poi twong | Cai thién do tin cdy cua | Tang thong luong qua kénh
truyén thong trong kénh | fading nhanh
fading cham

Chién thudt | Lam giam hiéu ung fading | Tang hiéu ning nho khai thac
fading cua kénh

Kich ban Diém-diém biém-da diém
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1.3.3. Pic diém ciia phan tap da ngudi ding
Phan tap da nguoi dung c6 thé dung & dau trong hé t6 ong. Hay néi cach
khac, yéu cau hé td ong can c6 dé loi dung phan tap da ngudi dung:

+ Tram gdc phai co da truy cap dé do chat luong kénh (hé¢ TDD/FDD): Trong
duong xudng, mdi may thu sé theo ddi SNR kénh ctia né, théng qua kénh hoa tiéu
va dua phan hoi vé chat luong kénh dong thoi téi tram gdc.

+ Tram gdc phai c6 kha ning 1ap lich giira cac nguoi dung ciing nhu thich nghi toc
d6 theo chat lwong kénh tirc thoi.

Trong phan nay, ta s& tip trung cac van dé hé thong gip phai khi ap dung phan tap
da nguoi dung.

Tinh céng bang va d¢ tré

Pé trién khai ¥ tudng phéan tap da nguoi ding trong hé théng thyc, ta s& gip
phai mot trong hai vin dé sau: cong bang va do tré. Trong trudng hop 1y tudng,
thong ké clia cac ngudi ding 1a nhu nhau, chién thuat lién lac v&i nguoi ding cé
kénh t6t nhit dé cuc dai dung luong tong cong cua hé théng va cua timg
ngudi.Trong thuc té, thong ké clia ngudi dung 1a khoéng can ximg, co nguoi ding
gan tram gdc hon voi SNR trung binh ot hon, c6 ngudi dung di chuyén, ding yén,
nam trong moi trudong tan xa 1én. Ngoai ra, chién lugc chi tap trung toi da hoa
thong luong trung binh thdi gian dai va do d6 mot sb yéu cau tré can phai thoa
mén. Thach thirc ctia nguoi lap lich 14 khai thac phan tap da ngudi dung dong thoi
phai chti y d&én tinh cong bang cua thuc té va do tré yéu cau.

Po kénh va phin hdi

Mot trong cac yéu cau then chdt cua hé théng khai thac phéan tap da nguoi
dung 1a phai c6 cac quyét dinh 1ap lich dugc thuc hién boi tram gdc 13 mot ham
trang thai kénh cua cac nguoi dung. Cac ngudi dung udc lugng trang thai kénh cua
ho va phan hoi gia tri d6 toi tram gbc. Néu do kénh bi 151 va tré khi phan hoi da gop
phan dang ké tao nut that ¢ chai trong viéc thu d6 loi phan tap da nguoi dung.

Ldi do udc doan kénh 13 do hai anh hudng sau: Loi khi do kénh tir kénh hoa
tiéu va do tré trong phan hoi thong tin téi tram gbc. Trong duong xudng, xac suat
do kénh duoc chia sé gitta cac ngudi dung va thuong 16n do d6 tré do phan hdi 1a
16i chinh khi wéc doan kénh. Viéc tién dodn gip khé khin trong kich ban khi thoi
gian két hop cua kénh c6 thé so sanh dugc so véi tré phan hdi. Do tré phan hoi co
thé giam bang cach rit ngan kich thudc cua khe thoi gian lap lich (yéu cau toc do
phan hoi cao hon). C6 nhiéu cach dé giam thoi gian phan hdi nhu ngudi dung chi
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yéu cau phan héi chi khi R,[m]/Ti[m] vuot qua mdt ngudng nao d6. Trong do
Rm]: téc d6 dit liéu yéu cau nguoi dung tht k tai thoi diém m. T[m]: thong
lugng trung binh tai thoi diém m, ta s& xét chi tiét tai chuong 3.
Thang giang kénh cham va giéi han

Ta thiy ring d6 loi phan tap da nguoi dung phu thudc vao thing giang cua
kénh. Sy thing giang cang 16n thi do loi phan tap cang 16n. Vi dy, néu kénh thay
doi quéa cham so véi rang budc do tré cua ung dung, bo 1ap lich khong thé doi du
lau dé kénh dat dinh ctia n6. Tuy nhién, khi sy chuyén dong tang 1én, d6 loi phan
tap s& bi giam boi cac 16i trong uwéc doan kénh cung cip toi bo 1ap lich qua kénh
phan hdi, do do kéo theo su thay doi vé do loi phan tap da nguodi dung. Do vay, cac
bién thién 16n va nhanh trong kénh t6t hon 1a chdm va nhé. Tuy nhién, néu co
dudng nhin thang va mdi truong it tan xa thi dai dong cua sy thing giang kénh 13
nhé. Hon nira, kénh c6 fading rat cham so véi céc ung dung co6 rang budc vé do tré
thi khong thé doi cho dén khi kénh dat dinh cta n6. Néu kénh cé fading cham va
thing giang trong pham vi hep, thi cic so do thuc té va don gian 13 tao ra thing
giang nhanh va 16n thuong dugc khuyén nghi sir dung.

Cuong do kénh Cuong do kénh

' Mbitreomg cd dinh t  Moitrrong di dong

—_—
—
—

n ol MA i
X_/:':a,_.__g—_—-.&_ J Dai ﬂlllhurl_lf'i_,}_ﬂ _J_ll?ull_ﬂfj Dai
\

dong li déng

- Thi gian = Thaigian

Hinh1.11 Kénh c6 dai dong 16n hon va trong moi trudong di dong

1.3.4. Ky thuat tao chum theo co héi

Phén tap da nguoi dung phu thudc vao tbe do va dai dong cua su thing giang
kénh. Trong cac moi trudng véi sy thiang giang kénh nho, y nghi tu nhién dén véi
ta 1a: “tang do loi phan tap da ngudi dung bang cach dua vao cic thing giang
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nhanh va manh hon”. Thong tin tao chum theo co hoi (OBF) chinh 1a mét ky thuat
lam duoc diéu d6 bang cach dung nhiéu anten phat tai tram gdc.
So db hé thdéng OBF:

xfy ——— ngui dang k

v
H'\.:K;J

Y |.—-l||r|l."iH'.|'

Hinh 1.12 So d6 hé théng OBF

Gia thiét mot hé thng voi:
+ 1, anten phat tai tram géc.
+ tao ra cac vector tao chum phat mot cach ngu nhién dé quét chum tia xubng 1
diém mot cach ngiu nhién.
+ Lap lich (theo ty 1&) cho ngudi dung kénh tbt hon.
+ Cang nhiéu nguoi dung thi cang dé tim mot ngudn c6 kénh tot
Nguyén tic OBF:
Tin hi¢u thu duoc td1 ngudi dung k 1a:

Yilm] = (02, V a[mle/ 4™y fm]x[m] + wy [m] (1.10)
Trong d6 h[m] 1a do loi kénh phuc tir anten 1 dén nguoi dung k ¢ thoi gian m
x[m] 1a ky hi€u phat.
Ja;[m]ed ™ 13 trong sb phirc cua anten 1 Z?:tl a;m] =1
a,[m] 12 ky hiéu phan cong suét cip cho mdi anten phat (o €[0,1])

6[m] 1a ky hiéu su dich pha 4p dung cho mdi anten 1én tin hiéu (8;[m] € [0,2r])
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Th&i gian travén

Hinh 1.13 Thé hién kénh fading chdm ctia hai ngudi dung trude va sau khi ap dung
chum tia theo co hoi.

Ta c6 thé giai thich k¥ thuat tao chum tia theo co hoi: Pbi v6i hé thong anten
phat don 16, mdi nguoi dung s& cung cip toan bd SNR ciia kénh minh cho tram géc.
Tram gbc s& 1ap lich truyén toi nguoi ding dya trén thong tin phan héi nay ma
khéng can do d6 loi ting kénh riéng 16. Tdc do bién thién cua {oy[m]} va {6,[m]}
theo thoi gian 1a cac thong s6 thiét ké cua hé théng. Co gidi han thuc té cho viéc
thay di toc d6 dé cho phép udc doan SNR va phan hdi mot cach tin cay.

K¥ thuat OBF trong moi truong fading cham

Nhu ta biét, voi fading chdm vector d6 loi kénh mdi ngudi dung k sé& 1a hang
s6 (h[m]=hy). Khi 6 SNR thu dugc cua tat ca cac ngudi dung s& 1a hing sb va
khong thé khai thac do loi phan tap da nguoi dung. Nguoc lai, trong OBF, dd loi
kénh nhin chung cho mdi ngudi ding thay d6i theo thoi gian, do d6 ta c6 co hoi dé
khai thac phan tdp da nguoi dung. Chét luong kénh luc & dinh xay ra khi cong sudt
va pha trong cau hinh tao chum:
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_ o ld®
L — “hkllzl - 1; "'Int (111)
0, =—arghpl=1,..,n; (1.12)

Trong méi trudng fading cham, OBF tién sat toi chat lugng cua tao chum két hop
¢ phan hoi SNR.

Tao chiim két hop I

Taochum co héi

09 |

Théng lwong trung binh bits's Hz

“_H i i i i i L
0 5 10 15 20 25 30 35

Songueoi diang

Hinh 1.14 Hiéu suit phd
Nhan xét:
Trong khoang tir 0-10 ngudi dung thi khi sé ngudi dung ting, thong luong trung
binh ting nhanh. Cang vé sau thi su ting thong luong trung binh theo sb ngudi
dung cham.
K¥ thuat OBF trong moi truwong fading nhanh.

Trong trudong hop nay, thong lugng xét trong thoi gian dai chi phu thude vao
phan bd dung cua dd lgi kénh. Do vdy ma tac dong cia OBF chi phu thudc vao
phan bd dung nhu thé ndo cta do loi kénh tong thé.

Co6 hai loai md hinh fading chung:

+ Fading Rayleigh doc lap: thich hop cho méi truong bi tdn xa manh va cac anten
phat cach nhau du xa. Luc ndy OBF khong cung cip bat ky do loi ndo vé chat
luong.

+ Fading Rice doc 1ap: OBF c6 tac dong dang ké trong méi truong nay,ddc biét khi
s6 ngudi dung k 16n. Su ting 1én dai dong cua sy thang giang c6 tac dung lam ngau
nhién hoa cc thanh phan phan xa guong.
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Su phu thudc thong luong té)ng cong voi fading Rice nhanh, phu thudc vao $6
nguoi dung cho 3 truong hop Rayleigh, Rice va 2 anten phat, Rice, PBF.

2.6 . . . r r

22 r Rayleigh _ - -~~~ - 1

Théng lvong téng bits'sHz
N

“.H L i i 1 A A
0 5 10 15 20 25 3 35

S6 ngudi ding

Hinh 1.15 Su phu thudc giita thong luong tong va sé nguoi dung trong méi truong
fading rice.

Ta c6 thé théy su phan bd ctia d6 loi kénh toan thé khi co va khong c6 OBF véi hai

anten phat

2.0

18 | / "" 1 anten, Rice

16
1.4

- |
1.0 [
08 r - i
,.:'f”"ﬂ ., \ Zanten, Rice
06 P ! S

Pl 3\
:‘: // rl \'~ I\'
= Z / \\\‘;_ Rayleigh
0 0.5 | 1.5 2 245
Bién 46 kénh

Dol

tad

Hinh 1.16 Phan b d6 loi kénh khi c6 va khong c6 OBF.
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1.3.5. Phan tap da nguoi dung trong moi trwomg da o

Kich ban trong méi trudng don 6, nhidu ludn coi 1a Gauss trang, nhung trong
hé thdng t6 ong bang rong, viéc can nhiéu giira cac 6 rat quan trong. Hién nay trong
cac hé thong to ong can nhidu ¢ thé biét dugc bang cach do chat lugng kénh cia
nguoi dung theo dai lugng SINR.Trong mot modi truong fading thi nang lugng tin
hiéu c6 ich thu duoc va tin hiéu nhiéu thu duoc déu thang giang theo thoi gian. Do
thuat toan l4p lich phan tap da nguoi dung phan bd tai nguyén dua trén sy thay doi
SINR (phu thudc vao bién do tin hiéu va bién do cta can nhiéu), ty dong khai thac
ca hai loai thing giang nay Ia tin hiéu nhan va nhiéu: thuat toan Iap lich ngudi dung
khi kénh tic thdi cta ho tot va khi can nhiéu yéu. Do d6 khi ngdu nhién hoa bién
do va pha cua anten phat, khong nhiing chi lam tang thang gidng cua tin hi¢u thu
dugc bén trong mot 6 ma con ting thing gidng cua nhifu gay nén bdi cac 6 lién ke.
Vi vay OBF c¢6 loi kép trong viéc giam can nhiéu trong hé théng té bao. Thir nht,
cho phép gan nhu tao chum két hop t6i mot ngudi dung nao d6 bén trong 6. Thir
hai, tao nén gan bang 0 tai mot sé ngudn khac trong 6 lién ké (diéu nay cho phép
tranh can nhiéu cho cic nguodi dung néu ho dang dugc lap lich). Déng thoi cho
phép OBF thuc hién tao khong theo co hdi tai cung mdt thoi gian.

1.3.6. Két ludn

Thong thuong, nhiéu hé khi xét két ndi diém- diém don nguoi dung tap trung
vao 1am cho kiéu két ndi nay cang gan kénh AWGN cang tot voi chat lugng kénh
tin cdy khong ddi theo thdi gian- ¢ thé thuc hién bang cach 14y trung binh kénh va
sir dung cac k¥ thuat phan tap nhu két hop da duong, ghép xen thoi gian va phan
tap anten dé cd ging giit cho fading kénh khong thay d6i theo thoi gian. Néu ta xét
hé thong c6 da nguoi dung ciing chia sé mot tai nguyén khi d6 ta s& phai khai thac
su thing giang kénh chir khong phai chdng lai chung. Piéu nay dugc thuc hién
thong qua viéc lap lich thich hop trong d6 nguoi diung dugce chon khi kénh tét van
chu y dén cac rang budc thong lugng nhu d6 tré va tinh cong bang. Ky thuat OBF
tién mot budc tiép nita bing cach tao ra sy thing giang.

Vay so dd theo co hoi phu thudc vao gi?

Piéu kha 13 13 so dd thong tin theo co hoi phu thude vao dung sai ctia thong
luong véi tré 1ap lich. Cho nén hé nay can co yéu cAu vé tré it, ua thich v&i kénh
khong bi fading. Xuét phat ndy goi ¥ viéc tich bang thong ciia hé thong thanh hai
phan khac nhau. Mot phan phai dugc 1am cang phing cang tot dé truyén cac luu
luong véi cac yéu cau vé do tré rat it (1am cho kénh cang tin cay cang tot). Phan thir
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hai dung OBF dé tao ra thing giang kénh nhanh va manh va b 1ap lich c6 thé thu
hoach phéan tap da nguoi dung.

1.4 Két luan chwong

Chuong mot luin van da trinh bay vé fading va phan tip: khai niém, phan
loai fading, phan tap trong d6 nhan manh vao phan tap da nguoi dung trong moi
truong fading diém- da diém nham ting do tin ciy (BER). Khac véi phan tap thoi
gian, khong gian, tan s cho phép ta lam giam anh hudng fading, phan tap da nguoi
dung loi dung fading dé ting hiéu sut pho thong qua dung luong C ciing nhu chét
luong kénh thong qua BER va nhiing van dé can quan tam (tré, cong bang va udc
doan kénh), xét trong truong hop don song mang lam ting thong luong. Hién nay
da song mang da dugc ung dung trong hé thong tin LTE, WIMAX...Va phan tap da
nguoi dung duoc ap dung nhu thé nao trong hé da séng mang, sau day toi s& tim
hiéu vé hé théng da séng mang OFDM trong chuong tiép theo.

32



Chwong 2. KY THUAT OFDM

2.1. Gi6i thiéu chung

OFDM 1a mét trudng hop dic biét cua viée truyén da song mang trong do
mot ludng dit lidu don s& duoc phat qua mot sd cac sdng mang con c6 toc do thap
hon. OFDM c6 thé coi 1a mot k thuat diéu ché hodc ki thuat ghép kénh. Mot trong
nhimg 1y do chinh dé dung OFDM la tang viéc chong hién tugng nhiéu bang hep va
fading luya chon tan so. Trong mot hé théng dir liéu song song ¢ dién, toan bo dai
tan s6 tin hiéu s& dugc phan chia thanh N kénh con tan sé khong chong lap. Mdi
kénh con s& duoc diéu ché va sau d6 N kénh con duoc phan kénh tan sd. Tranh lap
phd trong cac kénh 1a dé tranh nhiéu xuyén kénh. Tuy nhién, diéu nay din dén tinh
khéng hiéu qué trong viéc st dung phd c6 san. Dé giai quyét su khong hiéu qua
nay, co y tudng da dé xuét tir gitta nhitng nam 1960 dé st dung dit liéu song song
va FDM véi cac kénh con chong lip nhiam sir dung hoan toan bang thong cé sdn[9].

Hinh 2.1 ching minh su khac nhau giira k¥ thuat da séng mang khong chong
lap truyén théng va ky thuat diéu ché da song mang chdng lip. Nhu chi ra ¢ hinh
2.1, bang viéc sir dung k¥ thuat diéu ché da song mang chong lap, ta tiét kiém duogc
khoang 50% béang thong.

Ch.1 Ch.2 Ch.3 Ch.4 Ch.5 Ch.6 Ch.7 Ch.8 Ch.9 Ch.10

AAAAAAAAA

(a) Ehoangbang théng
tist kism duoc

! : -—

(b)

Hinh 2.1 (a) K§ thuat da song mang truyén thong va (b) ki thuat diéu ché da song
mang truc giao
Tuy nhién can sip xép cac song mang trong tin hiéu OFDM dé dai bién cua cac
song mang don 1é chong 1én nhau va céc tin hiéu van nhan duoc ma khong bi nhiéu
song mang lién ké. Dé lam duoc diéu nay cac song mang phai truc giao vé mit toan
hoc. May thu hoat dong nhu mdt dai cac bo giai diéu ché dich tan mdi song mang
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xudng mdt chi€u. Do do, cac song mang doc 1ap tuyén tinh vdi nhau (tryc giao) néu
khoang céach gifta cac song mang la boi s6 cua 1/T.

a N\ Do o
YNV Y s

(a)

Hinh 2.2 Pho tin hiéu ing v6i song mang con (a) va pho cua tin hiéu OFDM (b)

Nguyén 1y co ban cia OFDM 1a chia ludng dit liéu toc do cao thanh thanh
cac ludng c6 toc do thip hon dé truyén dong thoi qua cac song mang con. Do
khoang thoi gian ky hiéu ting 1én cho cic song mang con song song toc do thap
hon nén nhiéu gy ra do d9 trai tré da duong duoc giam xudng.

Trong thiét ké hé thong OFDM, céac thong sd dugc xem xét bao gom: sd
lugng cac song mang con, thoi gian bao v¢, khoang thoi gian ky hi€u, khoang cach
song mang con, loai diéu ché trén mdi séng mang con, va loai ma sira 16i (FEC).
Viéc lwa chon céc thong sd lién quan dén cac yéu cau cia hé thdng nhu bing théng
c6 san, tbe do bit duoc yéu cau, dung sai trai tré, va gia tri Doppler. Mot sd yéu cau
cO sy ngugc nhau. Vi du, dé co dung sai trai tré tbt, sd luong 16n cac song mang
con véi khoang cach gitra cac sdbng mang nho, nhung dung sai luén ngugc véi trai
Doppler va nhiéu pha.

2.2. Tinh hiéu truc giao vé toin hoc
Xét tap hop N séng mang con f,(t), trong do n=0,1,....N-1. t;<t <t,.
Tap hop song mang nay s¢€ truc giao khi :
[rwno ={°;” o
! K;n=

(2.1)
K: hang s6 ;

Tin hiéu truc giao ¢ tinh chéat cho phép truyén va thu tot nhiéu tin hiéu trén cung

mot kénh truyén ma khong gy ra nhidu xuyén ki ty gitta cic tin hiéu nay. Tinh truc

giao cua tin hiéu dugc thé hién & dang phd cia né trong mién tan sd. Trong mién

tan sd, mdi tin hiéu séng mang con cua tin hiéu truc giao c6 dap tng tan sb 1a
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sinc(x) hay sin(x)/x. Bién d6 ham sinc c6 dang bap chinh hep va nhiéu bap phu c6
bién d6 giam dan khi cang xa tan sb trung tdm nhu hinh 2.2 (a). Mdi song mang
cta tin hiéu co6 bién do dinh tai tin sb trung tadm cua no va béng 0 tai tan s trung
tam cuia song mang khac. Do d6 ta goi cac tin hi€u tryc giao nhau.

2.3. So' d6 hé théng OFDM

Hinh 2.3 chi ra so dd khoi hé théng OFDM. Tai dau phat, tin hiéu s6 dang
nhi phan dugc ma hoa va ghép xen dé chéng 16i cum. Sau d6 dugc bién doi nbi tiép
thanh song song dé ting hiéu suit phd, chudi dir liéu nhi phan s& duoc diéu ché
(PSK hodc QAM) dé thay ddi toc do truyén thich nghi khi can. Tin hiéu duoc dua
vao bo bién d6i IFFT, sau khi dugc chuyén thanh dang ndi tiép tin hiéu duoc thém
tién t6 1ap dé chong nhidu do hiéu Gmg da dudng gy ra (ISI va ICI) bo DA tao tin
hi¢éu OFDM theo thoi gian.

B it
r 1 r 1-. 1 r l‘lﬂ—-—'! '_-——1
I I 1 1
Dit lifu ol phia AR b | . L o Ditu | -l —- Ll
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Hinh 2.3 So d6 khéi hé thong OFDM
Tai dau thu, may thu thuc hién nguogc lai qué trinh cua may phat, sau khi loai
b6 tién t6 lap tin hiéu dugc dua vao bd bién doi FFT. Tin hiéu QAM sau dé duoc
chuyén vé dang nhi phan, sau cing bd giai mi tién hanh giai ma dé thu duoc tin
hiéu ban dau.

2.4. Cac ky thuat co ban trong OFDM

2.4.1. Cac k¥ thuét diéu ché trong OFDM
Trong hé théng OFDM tin hiéu vao 14 ludng bit & dang nhi phan. Nén trong
hé théng OFDM 14 cac qua trinh diéu ché sd, c6 thé duoc chon céc loai diéu ché
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BPSK, QPSK, 16-QAM, hoic 64-QAM...dya trén yéu cau cong suit va hiéu suit
st dung bang thong kénh.
Diéu ché bién d§ vudng goc (QAM).

Trong hé théng PSK, cac thanh phan dong pha va vudng pha dugc két hop
vo1 nhau sao cho tao thanh mot tin hi€éu duong bao khong doi. Tuy nhién, néu loai
bo diéu nay va dé cac thanh phan dong pha va vudng pha cé thé doc lap véi nhau
thi ta dugc mot so dd diéu ché moi goi 1a diéu bién cau phuong QAM. O so d6 diéu
ché nay, song mang bi diéu ché ca bién d6 va pha. Piéu ché QAM c6 uu diém la
tang dung luong dudng truyén dan sd.

Dang tong quat cua diéu ché QAM M trang thai ( M_QAM ) dugc xac dinh nhu
sau:

S,(1) = 2500,- COS(Zﬂﬂf)Jr,/Zg“b,. SNC7f) (0<r<T) 2.2)

Trong do:

E, 1a nang luong cua tin hiéu c6 bién do thip nhat.

a;, by 1a cap sb nguyén doc 1ap dugc chon tuy theo vi tri ki tu trong chom sao.

Tin hiéu séng mang gém 2 thanh phan vudng goc duoc didu ché bai mot tap hop
tin hiéu roi rac vi thé c6 tén 1a “diéu ché bién d6 vudng goc”.

C6 thé phan tich Si(t) thanh cip ham co so:

()= %bi sin(2z £ t) (O <t< T)

(2.3)
_ |2 )
hO= 740D (9<i<7) o
T Te [T e iLLLL%.i]
" ® @ ®|® e @ -i
N | Jos0AM :
s o 'sa s|(e o & =
TR B E o
@ e ieie]eiele o
o eieiefeieie o
i- . i_ i . o

Hinh 2.4 Chom sao tin hicu M_QAM.
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Dang diéu ché co thé dugc qui dinh bai sb trang thai ngd vao M va sd phic ¢ ngd
ra.
dy =2, + jby ; (V-1=5); (2:5)

a, va b, c6 thé duoc chon nhu sau:

Bang 2.1 Thong so cac dang diéu ché

M | Dang diéu ché an 5 by

2 BPSK +1

4 QPSK +1

16 | 16-QAM +1, £3

64 64-QAM +1, £3, £5, £7

2.4.2. Tao song mang con sir dung IFFT

Tin hiéu OFDM bao goém cac song mang con dugc diéu ché bang cach st dung
khoa dich pha (PSK) hodc diéu ché bién d6 vuong gc (QAM). Néu d; 1a ky hiéu
QAM phirc, N; 12 s6 song mang con, T khoang thoi gian ky hiéu va f, 14 tan s6 song
mang, thi mot ky hiéu OFDM bat dau tai thoi gian t=t; co thé duoc viét nhu sau[4]:

Ns_
S() =R, {2_7 ,1VS d, nsex p<j2n (fc — ) (t— ts)) t<t<t+T
l=_7 2

s(t) =0t<tyvat>t,+ T (2.6)
Biéu dién bang gdc phirc twong duong:

Ns_
St) = {Z 2 ,{,sdH&e xfj2m(t — t5)) t<t<t+T
i=—=% >

s(t) =0t<tsvatst,+ T (2.7)
Trong trudng hop ndy phan thuc va phan ao tuong duong véi thanh phan dong pha

i+0.5
T

va thanh phan vudng pha trong tin hiéu OFDM. Hinh 2.5 chi ra so db khdi cua diéu
ché OFDM.

Tin hiéu OFDM phurc trong phuong trinh (2.6) 1 bién d6i Fourier ngugc cua ky
hiéu QAM (hay PSK) 16i vao. Trong hé rdi rac thi d6 1a phép bién doi Fourier roi
rac. Thyc té phép bién ddi nay c6 thé duoc thuc hién rat hidu qua nhd phép bién dbi
nguoc Fourier nhanh (IFFT).
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Hinh 2.5 B6 diéu ché OFDM

2.4.3. Khoang bio vé va tién to Lip

Pé thyc hién OFDM hiéu qua can dé ¥ dén trai tré da duong. Bang viéc phan
chia ludng dir liéu dau vao thanh N, song mang con, khoang thoi gian ky hiéu dugc
chia thanh N; thoi gian nhé hon sé& lam giam tré da duong. Dé loai bé nhiéu xuyén
ky hiéu ISI hau nhu hoan toan, khoang bao vé dugc dua vao trong mdi ky hiéu
OFDM. Khoang bao vé duogc lua chon 16n hon trai tré mong doi, nhu thé cac thanh
phan da duong tir mot ky hiéu khong thé 1am nhidu téi ky hiéu bén canh. Tuy
nhién, lac d6 lai xuat hién nhidu xuyén kénh ICL

g
Song mang 1 / \
/N

Phin ci ‘ s0ng marg 2 gam \_// \\\; /

CANNL
\/x \ d \J/ Sérg &Ef/ /

: Khoang bao vé ~ Thoi khoang tinh FFT=1/khoéng cach séng mang

k

~l
-

Théi khoang OFDM

v

L
&

Hinh 2.6 Su tré cua song mang 2 giy ra ICI trén séng mang 1
Hinh 2.6 chi ra vi du vé sdng mang con 1 va séng mang 2 tré nhu hinh v&. Khi bo

thu OFDM giai diéu ché séng mang con dau tién, nd s& gip phai mot s6 nhiéu tir
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song mang con tht hai, vi trong khoang thoi gian FFT khong c6 tich phan sé chu
ky khac nhau giita séng mang 1 va 2, dong thoi cling gdy ra nhiéu xuyén am tir
song mang con thir nhit sang séong mang con thir 2. Dé loai bo nhiéu ICL ky hiéu
OFDM dugc mé rong mot cach déu dan vao thoi gian bao vé goi la tién to 1ap.
Viéc chén tién t6 1ap dugc thuc hién bang cach sao chép phan du cua chinh mdi ky
hiéu OFDM vao phan cubi cta ky hiéu d6. Piéu nay dam bao rang ky hiéu OFDM
1udn c6 s6 chu ky trong khoang FFT véi diéu kién d6 tré nho hon thoi gian bao vé.
Két qua, cac tin hiéu da duong voi do tré nhé hon thoi gian bao vé khong thé gay ra
ICI.

Néu tré da duong vuot qua khoang bao vé mot phan nho cua khoang tinh FFT
(khoang 3%) cac song mang khong con truc giao nita nhung nhiéu van con di nho
dé c6 gian d6 chom sao chap nhan duoc. Néu tré da duong vuot qua khoang bao vé
10% ctia khoang FFT thi gian d6 chom sao bi anh hudng nghiém trong, do vay ti 1¢
16i 12 khong chap nhan duoc.

2.4.4. Pong bd va wéc doan kénh

Mot may thu OFDM hoat dong trong ché d6 thu phai thyc hién dé)ng b thoi
gian, udc doan va sira 16i tan sb troi déng hd mau va RF, va khoi tao ude doan
kénh. Trong cac hé thong ma viéc truyén thong tin duoc dong goi hodc ché do cum
thi qua trinh dong bd thudng dugc tro giap béi tin hiéu dong bd mao dau gdm mot
hodc vai chudi huin luyén. Céc chudi huin luyén trong tin hiéu dé)ng bd mao dau
c6 chiéu dai Np=N/I, trong d6 N 1a chiéu dai khéi OFDM va I 1a s6 nguyén. Mdi
chudi huén luyén phai c6 khoang chu ky bao vé thich hop. Trong mao dau dong bod
dugc chén ¢ chu ky vao ludng cac ky hiéu OFDM trong dit liéu duoc phat. Thuat
toan dong bo ciing co thé khai thac khoang chu ky bao vé cua ky hiéu OFDM, do
khoang bao vé chtra cac ky hiéu 1ap dugc phan chia theo thoi gian. Khoang bao vé
c6 thé duge st dung dé ude doan sy thay ddi pha do kénh va bo giao dong tan sd
offset. Sau khi thu duoc, may thu nhap ché do dir liéu va theo ddi do troi vé tan sd
RF va ldy mdu cta bo dao dong va su thay doi cta kénh. Véi cac ing dung do trai
tré Doppler 16n nhu vo tuyén di dong mat dat, cac hé sd kénh thuong theo ddi bang
cach chen thém cac ky hi¢u hoa tiéu OFDM hoac str dung cac song mang con hoa
tiu.
2.4.5. Ghép xen

Do fading lya chon tan sb 1a dic trung cua kénh vo tuyén, cac song mang

con OFDM néi chung c6 céc bién d6 khac nhau. Fading sau trong pho tan sé c6 thé
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gay ra nhom cac song mang con c6 do tin cdy kém hon cac song mang khac, do do
lam cho 15i bit xuat hién trong cac cum hon 13 sy tan xa ngdu nhién. Hau hét cac
mi stra 16i FEC khéng dugc thiét ké dé giai quyét 16i cac cum. Do d6, ghép xen
dugc ap dung dé ngdu nhién hoa sy xuat hién cac 18i bit trude khi giai ma. Tai bd
phat, cac bit dugc ma hdéa dugc hoan vi theo mot cach xac dinh dé dam bao ré‘mg
cac bit ké s& duoc tach ra bai vai bit sau khi ghép xen. Tai dau thu, su hoan vi
nguoc lai s& duoc thuc hién trudce khi giai ma. So d6 ghép xen thuong duoc dung 1a
bd ghép xen khdi, trong d6 cac bit ddu vao dugc ghi thanh timg cot va doc ra theo
tung hang.

2.4.6. Ma hoa kénh

OFDM tranh duoc cac van dé vé nhiu xuyén ky hiéu boi viéc phat nhiéu
song mang con bang hep cung nhau st dung thoi gian bao vé. Tuy nhién, diéu nay
lai nay sinh ra van dé khac, trong kénh fading da dudng, tit ca cac song mang s&
dén may thu vo1 bién do khac nhau. Thuc té, mot sd song mang co thé mit hoan
toan do fading sau. Do d6, tham chi hau hét cac song mang c6 thé duoc phat hién
ma khong bi 16i, ty s6 BER cao do ¢6 vai tin hiéu c6 bién do rat bé. Pé tranh 13i do
cac song mang yéu nhat, mi stra 161 FEC duoc str dung. Bang viéc sir dung mi hoa
chéo cac song mang, 13i cua cac song mang yéu co thé duoc stra t6i mot gidi han
nhat dinh phu thudc vao mi va kénh. Thuong ¢ hai loai ma hoa 1a ma khéi va ma
chép. Sau khi mi hoéa thi phan ghép xen la cach dé ngiu nhién héa cac cum 15i
thuong xuét hién khi cac kénh con ké bi mat khi fading sau. Ma hoa FEC dugc chia
thanh 2 loai ma chinh: ma khdi va ma chap.

M3 khoi:

Mot ma khéi ma hoa mot khéi k ky hiéu dau vao thanh n ky hiéu duoc ma
hoa véi n 16n hon k. Myc dich ciia viéc thém n-k ky hiéu thira 1a dé ting khoang
cach Hamming t4i thiéu, 1a sd ti thiéu cac ky hiéu khac nhau giita bat ky cap tur
mi ndo. Mot sd loai ma khdi nhu: mi khdi tuyén tinh, md Hamming, ma Reed
Solomon.

Ma chap:

Mot ma chap anh xa mdi k bit cia mot ludng dau vao lién tuc thanh n bit dau
ra trong d6 viéc anh xa dugc thuc hién boi viée chap cac bit dau vao voi mot dap
tmg xung nhi phan. M4 hoa chép co6 thé dugc thuc hién don gian bang cach dich
cac thanh ghi va cong module 2.
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2.4.7. Chon cic thong s6 OFDM

Lua chon cac thong s6 OFDM la sy thoa hiép giira su thay doi thuong 1a cac
yéu cdu dbi 1ap nhau. Thudng cb ba yéu cau chinh dé bat dau véi: bang thong, toc
do bit va trai tré. Trai tré tryc tiép dicu khién thoi gian bao vé. Khoang bao vé co tir
hai dén bdn 1an gia tri cin quan phuong (rms) cua trai tré. Gia tri ndy phu thudc vao
loai ma hoa va diéu ché QAM. QAM cang cao (nhu 64-QAM) thi ICI va ISI cang
nhay hon so vo1 QPSK. Trong khi ma hoa cang phtrc tap thi rd rang gidm do nhay
nhu nhiéu.

Bay gio khoang bao vé dugc dat, khoang thoi gian ky hiéu co thé duge cb

dinh. Pé tdi thiéu hoa ty s6 SNR suy hao giy ra boi thoi gian bao vé. Ta mong
mudn c6 khoang thoi gian ky hiéu 16n hon nhiéu so véi thoi gian bao vé. Tuy nhién
khong thé 16n tiy ¥ dugce do khoang thoi gian ky hiéu cang 16n nghia 1a cac song
mang con nhiéu hon véi khoang cach séng mang con nhé hon, d6 phire tap thuc thi
16n hon, va nhay hon vé nhiéu pha va tan s troi (offset), ciing 1am ting PAPR. Do
vay, lua chon thiét ké thuc té 13 1am cho khoang thoi gian ky hiéu it nhat ndm lan
thoi gian bao v, thuc thi suy hao 1 dB SNR do khodng bao vé.
Khi khoang thoi gian ky hiéu va thoi gian bao vé ¢b dinh, s luong sdng mang con
theo bang thong 3dB dugc yéu cau danh cho khoang cach séng mang con, 1a
nghich dao cua khoang thoi gian ky hiéu. Hodc sé lwong song mang con cé thé
duoc xac dinh béng tbe do bit yéu cau chia cho tdc do bit trén mdi sOng mang con.
Téc do bit trén mdi sdng mang con dugc dinh nghia bai loai diéu ché, ty 16 ma hoa
va toc d6 ky hiéu.

2.5. Dac tinh cuia OFDM
Uu diém:

- Nang cao hiéu suét str dung phd nhd sy chong 14n pho.

- Loai trir duwoc ISI va ICI nho sir dung tién t6 lap (CP).

-OFDM chéng lai dugc fading lya chon tan sb tdt hon so v4i hé don sOng mang.

- OFDM la cach hi¢u qua dé giai quyét da duodng, cho viée trai tré, do phirc tap thuc
thi 1a thip dang ké so véi hé thong don séng mang véi bd 1am bang.

- Céc kénh thay doi theo thoi gian twong dbi cham, c6 thé lam ting dang ké dung
luong bang cach thich nghi tbc do dir liéu trén mdi séng mang con theo ty sb tin
hiéu trén nhiéu cta timg séng mang con cu thé.

-OFDM chéng lai dugc nhiéu bang hep do nhiéu chi anh huéng dén phan nho cac
soOng mang con.
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Nhuge diém:

OFDM ciing c¢6 vai nhuoc diém khi so sanh véi hé don sdng mang:

- OFDM nhay véi tan s6 troi (offset) va nhidu pha.

- OFDM c6 PAPR cao, kéo theo gidm hi¢u qua cong suét cua bo khuit dai RF.

2.6. Ung dung thuec té
K§ thuat OFDM 1a k¥ thuat c6 tng dung rat rong rai[8]. Mot sb cac tng dung nhu
sau:

- DAB: DAB-OFDM la dang co ban cho tiéu chuin phat thanh s quang ba &

thi trudng Chau Au.

- HDTV

- IEEE 802.16 hé thong truy cap khong day bang rong

- Hé thong truyén ATM khong day.

- Hé théng thong tin di dong 4G...

2.7. Kétluan chuong

So dd khéi, nguyén 1y hoat dong cua hé théng OFDM, chirc ning cia timg
khdi dua trén cac k¥ thuat thuc hién trong tung khéi nhu IFFT va FFT, dung CP...
cling nhu cac wu diém nhuoc diém chinh va nhimg tng dung di duoc trinh bay
trong chuong hai nay.

Véi hé da nguoi dung, da song mang, khi dé k¥ thuat 1ap lich s€ dugc ap
dung nhu thé nao dé nang cao hiéu ning hé théng, dong thoi thoa man mot sb yéu
cau khéac s& duoc sé trong chuong tiép theo.
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Chuwong 3. MOT SO THUAT TOAN LAP LICH DUNG TRONG HE OFDM,
PA NGUOI DUNG

3.1. Gi6i thi¢u

Trong chuong ndy, cac thuat toan lap lich khac nhau duoc trinh bay dé 1am
viéc trong cac kich ban khac nhau. Muyc dich dé cai thién tai nguyén nhu thong
lugng cua nhiing ngudi dung c6 dir liéu goéi khac nhau dugc chia sé qua kénh vo
tuyén dudng xudng trong khi van giit dugc do cong bang. Cac thuat toan 1ap lich
cho mang dir lidu goi vo tuyén khai thac cac kénh truyén giita tram goc (BS) va
ngudi dung doc 1ap (MS) cho viée 1ap lich dé truyén t6i cac MS khi cac kénh cia
n6 1a tét, xuat hién khi c6 phan tap da nguoi dung.

Hé théng dugc xem xét 1a hé thong OFDM véi da truy cap phan chia theo
tan s6 (FDMA) hodc da truy cap phan chia thoi gian (TDMA). Thong tin trang thai
kénh hoan hao dugc gia thiét cho ca hai MS va BS, vi du gia thiét da biét vé do loi
kénh trén mdi song mang con do suy hao dudng truyén dan, che chan va fading da
duong.

MJi séng mang con chi duoc st dung boi mot nguoi dung tai bat ctr thoi
diém nao cho trudc. Cap song mang con duoc thyc hién tai tram gbc va cac nguoi
dung s€ dugc thong bdo cac séng mang con da chon lya cho hg. Ta xét mot hé
thong v4i K nguoi ding, N cac song mang con va thdi gian dugc phan chia thanh
cac khe thoi gian. Tai mdi khe thoi gian, mdi ngudi dung k duoc lap lich sé phat
trén song mang con duogc cip. Cac thuat toan cip ning luong bang nhau ciing da
dugc xem xét, don gian 1a phan bd cong suat phat nhu nhau cho cac séong mang
con. Muc dich 13 dé tim va cap song mang con, cho phép mdi nguoi ding thoa man
cac yéu cau vé tde o, tdi da hoa thong luong ma khong vi pham d6 cong bang. Hé
théng duoc chi ra hinh 3.1[6].
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Hinh 3.1 Hé thong truyén da song mang voi da ngudi ding

3.2. Thuit toan Round Robin

Round Robin (RR) 1a mét trong nhitng thuat toan 1ap lich don gian nhét, 4n
dinh cic phan thoi gian t6i mdi ngudi ding cac phan chia bang nhau va dé diéu
khién tat ca cac nguoi dung v6i do vu tién nhu nhau. Lap lich RR rat don gian va
dé thuc thi.

Trong mang vo tuyén, nhiéu MS chia sé mot kénh, thuat toan nay cép cho moi
MS dé truyén va nhan kénh duoc chia sé v6i khoang thdi gian nhu nhau. Diéu nay
lam cho thuat todn RR ddm bao 1a thuét toan thyc hién cong bzfmg. Tuy nhién, do néd
qua it hiéu qua hon so véi cac thuat toan khac nhu PFS va RCG vi hiém khi cung
cap cac dich vu tbt t6i MS. Tram gbc do d6 ciing s& lam giam dung luong cia
mang. Ly do chinh cho diéu d6 1a thuit toan nay khong quan tdm dén sy thay doi
cac diéu kién thu tai cac may thu khac nhau hoic nhu da néi trude do6 thuat toan RR
khong quan tdm dén phan tap da ngudi dung va do d6 s& 1ap lich phat toi/tir thué
bao thuong véi mot ntra thoi gian khi cac diéu kién kénh thu duoc x4u hon muc
binh thuong.

3.3. Thuat toan Max Rate
B lap lich Max Rate ludn phat téi nguoi dung c6 SNR 16n nhat, vi thé cac
nguoi dung tai mot dinh fading c6 kha nang duoc lap lich trong moi luc, trong khi

cac nguoi dung khac ¢ fading sau s& khong dugc lap lich. Nhu di biét, SNR thu
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dugc cua séng mang con thir n cta ngudi dung tha k tai khe thoi gian t dugc thé
hién nhu sau[5]:

SNRien(£) = S () Hyen (£)/ =2 (3.1)
Trong d6 Sia(t), Hya(t) 1an luot 12 cong suat phat dugc cap va do loi kénh trén song
mang con thir n tai khe thoi gian t, N, 1a mat do phé) cong sudt cia AWGN, B la
bang thong va N 1a s6 song mang con.

B 1ap lich Max Rate tao ra thong luong cao hon so véi cac nguyén tic 1ap
lich khiac nhung tong thé nd bo qua su cong bang. Trong méi trudng vo tuyén, kénh
ngudi dung manh yéu cé thé rat khac nhau, do khoang cach khac nhau t6i tram géc,
hoic kénh thing giang do fading da dudng. Vi thé, 1y ngudi dung khoe nhét s& c6
su khong cong bang cao hon.

3.4. Thuit toan lap lich cong bing ty 18

Dé thuc hién y tuong cua phan tdp da ngudi dung trong hé théng thuc s& gip
tré ngai boi hai van dé sau: cong bang va do tré. Trong truong hop 1y tuong, khi
théng ké fading cta cac ngudi dung nhu nhau, thong luong cuc dai hé thdng, ciing
la thong lugng cua ting c4 nhan cuc dai, khi d6 thoa man sy cong béng. Thuc té
théng ké fading 1a khong nhu nhau. C6 ngudi dung ¢ gan tram gbc (c6 SNR cao
hon), ¢6 nguoi ¢ xa tram gbc, cd nguoi ding yén, cd nguoi di chuyén, c6 ngudi
moi truong xung quanh khong c6 vat tan xa, cé nguoi co6 vat tan xa manh... Viéc
dam bao thong luong céng bang cho mdi ngudi dung 1a can thiét, thé hién chat
luong cua hé. Truong hop hé khong nhitng chi cha ¥ dén thong luong trung binh
tong cong trong khe thoi gian dai ma con yéu cau veé thoi gian tré nita, chat luong
hé khi d6 s& dugc danh gia théng qua thong luong trung binh lién quan dén tré.

3.4.1. Thuat toan PFS cho trudng hgp da song mang, da nguoi dung

a) NOi dung cta thuat toan

Mot thudt toan 1ap lich don gian duogc thiét ké dé phu hop véi thach thire trén
1a thuat toan 1ap lich cong bang ty 1¢ (PFS) trong hé thong OFDM. Trong hé thong
nay, phan hdi chat luong kénh cia nguoi dung k trén séng mang n trong khe thoi
gian t toi tram gbc dudi dang téc do dir liéu yéu cau Ry, (t). Trong cac hé thong
OFDM da nguoi dung, thut toan cip tai nguyén quyét dinh nguoi dung phuc vu
v6i cong suat nao cho mdi séong mang con. Gia thiét rang cong suat phét tong bi
rang budc S. Mot khi cac tai nguyén duogc cép to1 nguoi dung, tdc d6 dit liéu hién
thoi ciia mdi ngudi dung duoc xac dinh va BS phuc vy mdi ngudi dung tai tbc do
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nay. Theo 1y thuyét thong tin, tbc do dich vu hién thoi trén séng mang con thit n tai
khe thoi gian thtr t dugce dua ra la:

Ry (t) = B/Nlog,(1 + SNR) (3.2)
Trong d6 Ry,(t) 1a toc do truyén nguoi dung thu k tai khe thoi gian t, B 13 bang
thong téng va N 1 s6 séng mang con.
Thuat toan 1ap lich PFS lam viéc nhu sau:
Theo d&i thong lugng trung binh Ty ,(t) clia mdi ngudi ding trén mdi séng mang
con trong ctra s6 ¢ chiéu dai t, trong d6 tla cira s6 thoi gian dé 1dy trung binh
dong. Trong khe thoi gian t, don gian thuét toan lap lich phat tai mdi séng mang
con t6i nguoi dung k- véi ty sé:

Rin(t)

Ten(d (3.3)
16n nhét trong sb tit ca cac nguoi dung dang kich hoat trong hé thong. Trong d6
Ryq(t) 12 tdc do dit 1iéu ma séng mang con n ctia ngudi dung thir k duge hd tro hién
thoi. Thong luong trung binh Ty ,(t) co thé cap nhat str dung b loc thong thép co
trong s6 ham mii

(1-2) Ten(® + T Rien(® k=1 (0)
(1- ti) Tien () k # k*(t)

Trong luan vin nay, thuat toan PFS trong hé thng OFDM duoc st dung khi coi

Ten(t+1) = (3.4)

cac soéng mang con doc 14p voi nhau. Vi thé, ta phai tinh toan ngudi dung c6 gia tri
16n nhat duoc tinh theo (3.3) tai mdi séng mang con va khe thoi gian dé cap song
mang con nady t&i ngudi dung. Ta cling phai cap nhat théng lugng trung binh bang
phuong trinh (3.4) tai mdi séng mang va khe thoi gian. Vi thé, thuat toan PFS xét
dén cac song mang con doc 14p véi nhau va ta phai cap nhat hé théng mdi khe thoi
gian. Thuat toan nay ciing khong chu y dén cac yéu cau téc d6 nguoi dung va cap
cong suat thuong khong duoc xem xét, do ¢6 vai diém yéu 1am giam tinh ning cia
hé thong khi trién khai trong moi truong kénh nguoi ding khong dong nhat. Thuat
toan cdp nang luong nhu nhau tic 14 chi phan bd cong sut truyén twong dwong
trong cac song mang con.

b) Giai thich thuat toan qua vi du

Thi du 1: Ta c6 thé quan sat thuat toan 1am viéc trong hinh 3.2. Ta v& dap tng

kénh tan s6 ciia hai nguoi ding nhu 1a mot ham sd trong hai kich ban khac nhau 1a
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cac théng ké fading nhu nhau va khong nhu nhau. Trong hinh 3.2.a hai ngudi dung
c6 théng ké fading nhu nhau, thong lugng trung binh trong thoi gian dai cua hai
nguoi dung 1a nhu nhau. Thuat toan 13p lich s€ rat gon lai 1a chon ngudi dung véi
tbc d6 yéu cau cao nhat. Do d6, mdi ngudi dung duogc 1ap lich khi kénh cuia nd 1a
t6t va dong thoi thuat toan lap lich 13 cong bang hoan toan trong thoi gian dai.
Trong hinh 3.2 (b), c6 1& do khoang cach khac nhau tir tram gbc, kénh ctia mot
ngudi dung khoe hon nhiéu so véi trung binh kénh khac, mic du hai kénh dao dong
do fading da duong. Ludn chon ngudi ding véi tdc d6 yéu cau cao nhat nghia 1a
dua ra céc tai nguyén cua toan hé thdng cho ngudi dung khoe vé mit thong ké va sé
c6 tinh khong cong bang cao hon. Nguoc lai, voi thuat toan 1ap lich néu trén, ngudi
dung tinh toan céc tai nguyén khong phai tic thi dua trén toc d6 dit lidu yéu cau
ctia ho ma chi sau khi chuan héa véi thong luong trung binh tuong (mg ctia minh.
Nguoi dung voi théng ké kénh tét hon s& c6 thong lugng trung binh cao hon. Do
d6,thuat toan 1ap lich ngudi dung khi chat lugng kénh tirc thoi ctia nd cao hon lién
quan toi diéu kién kénh trung binh cua n6 qua thang thoi gian 1ap lich t.. Tom lai,
dir liéu duoc phat toi ngudi dung khi kénh gan dinh cua nd. Thuén loi phan tap da
ngudi dung ¢ thé co duoc do cac kénh cua cac ngudi dung khac nhau thing giang
doc 1ap dé néu co du sb6 nguoi dung trong hé thdng, cé kha ning nguoi ding gan
v6i dinh cua no tai bat cir thoi gian nao[3].
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Hinh 3.2 Pép tmg kénh tan s (a) ngudi dung théng ké nhu nhau (b) ngudi dung
thong ké khong nhau
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Thi du 2[7]: thuat toan 1ap lich cong bang ty 1¢ trong hé 1.25 Mhz IS-856 dudng
xubng xét 3 moi truong: trong mdi trudng cd dinh thi ngudi ding cb dinh, cac vat
xung quanh di chuyén, trong moi trudng di chuyén cham thi ngudi dung di chuyén
v6i toc dd cham 3km/h, Rayleigh va trong mdi truong di chuyén nhanh thi nguoi
dung di chyén voi toc d6 30km/h, Rayleigh.

L

Mol treomg di chuvan
toc 4o thap

a
=]

Méitrrimg ¢ dinh

Théngleong tong (kbps)

v TV 18 thii glantrd 1 =16
oo SME. trung binh= 043
Méitnsimg di chuyéntdcdo cao
Songedi dimg
Hinh 3.3 Thong lugng tong cong da ngudi dung trong moi trudong c¢o dinh va di
dong

Ngoai ra, cac diéu kién can bd sung thém 1a d6 loi kénh trung binh E[h[*]
gitra 3 trudng hop 1a nhu nhau va ty 1é xich thoi gian tré t, = 1.6s. Khi kénh thay
d6i trong ca hai truong hop, dai dong va téc d6 thay doi 1on hon trong méi trudng
di dong so véi moi truong c¢b dinh (hinh 1.11). Mot cau hoi dit ra, liéu trong moi
truong di dong, c6 nhiéu dinh thing giang vdy nhiéu co hoi dé st dung hiéu ning
ctia thuat toan ttrc thong luong tong cong ciia hé sé tot hon khi s6 nguoi ding ting
so v6i trudng hop ¢b dinh?

Quan sat do thi trong hinh 3.3 cho ta thay thong luong tong cong (kbps):

+ Khi méi truong di chuyén nhanh thong lwong 13 hing sb khi s6 ngudi dung ting.
+ Mbi truong di chuyén cham: thong luong ting theo sé ngudi dung nhanh nhét.

+ MB0i truong di chuyén nhanh: thong luong ting theo sé ngudi dung nhung chim
hon.

Nhu vay c6 gi mau thudn? Diéu nay co thé giai thich 1a tai tbe do xét, may thu kho
theo ddi va du doan chinh xac sy thay doi kénh vi loai dy doan kénh 1a loai mach
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loc théng thap tron tru vi vay du c6 thiang giang kénh, thong tin theo co hoi khong
thé thuc hién duoc vi khong biét thuc su lic nao kénh tét. Phai ching diéu nay co
lién quan dén viéc chon thong sd t, (cong thirc 3.4) dung trong thuét toan PFS?

3.4.2. Thong sb t,

Thong sb t. lién quan dén thoi gian tré cho phép cia tung dung. Cac dinh
cling dugc dinh nghia d6i véi thang thdi gian nay. Néu thang thoi gian tré 16n thi
thong lugng trung binh qua thang thoi gian dai hon va bd 1ap lich co thé doi lau
hon truée khi 1ap lich cho ngudi dung khi kénh cua ngudi d6 cham dén dinh cao
thuc su cta no.

Gi4 tri 16n nhét cua t. 1a t=vo cung, trong tinh hudng nay cac tai nguyén
theo thuat toan PFS chi quyét dinh bai SNR tirc thoi, dan dén tbi da thong lugng hé
théng va dac tinh cong béng kém hon. Nguoc lai, chon gia tri t. thép, chéng han
t.=1, thi lap lich s& 1a céng bang. Do d0, chon t, cho ta thoa hiép giita su cong bang
va thong luong[3].

Trong hinh 3.4 (a) chi ra d6 cong bang cta hé thong theo thong s tc theo 3
thuat toan khac nhau, PFS, RR va Max rate. Ta biét rang néu F(su cong bang)=1 tit
ca nguodi dung chia sé chinh x4c cing s6 lwong ngudn tai nguyén, va F=0 xuét hién
chi khi mot nguoi dung st dung tat ca cac tai nguyén. Cac thudt toan RR va Max
rate doc lap voi thong $6 t., vi vay su cong béng theo cac thuat todn nay dugc duy
tri khong doi va thé hién cac duong bién coéng bang. Thuit toan Max rate thé hién
cong bang nho nhat va thuat toan RR thé hién su cong bang 16n nhét. Ta nhin thay
trong hinh 3.4 (a) néu t. tién t6i 1 thi tinh cong bang s& ting 1én va tinh ning cua
PFS sé tién t4i tinh ning cua RR, nhung néu t, tién t6i vo cung thi co sy suy giam
trong tinh cong bang va tinh ning PFS s& hudng tdi tinh ning cia Max rate.

Mit khac, trong hinh 3.4 (b) trinh by mdi lién h¢ giira thong luong va thong
sb t.. Nhu ta da ndi ¢ trude, thut toan Max rate va RR doc lap voi thong $6 t. thé
hién & bién tinh nang . Thuat toAn Max Rate thé hién thong lugng 16n nhét va thuat
toan RR thé hién thong luong bé nhét. Ciing trong hinh 3.4 (b) néu t, hudéng téi vo
cung thi thong luong tang 1én va tinh nang PFS hudng té1 tinh nang Max rate,
nhung néu t, hudng toi 1¢o su suy giam vé thong luong va tinh ning PFS s& hudng
to1 tinh nang cua RR.
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Hinh 3.4 So sanh do cong bang va thong luong gitra cac thuat toan[3]

3.5. Thuat toan Rate-Craving Greedy

Thuat toan nay phan chia viéc cip tai nguyén thanh hai budc. Budc dau tién,
sb song mang ma mdi nguodi dung s& nhan, duge xac dinh dua trén yéu cau tbe do
ngudi dung va SNR trung binh. Thuit toan ndy tim sip xép song mang con dé tbi
thiéu hoa cong suat tong doi hoi khi mdi ngudi dung v6i kénh fading phang. Trong
budc thir hai cta thuat toan, nd tim 4n dinh t6t nhit song mang con cho nguoi ding
dya trén toc do truyén udc doan.

Xét mot hé thong voi K nguoi dung va N séng mang con. Mdi ngudi dung k
phai phat it nhét R,;,* bit trén don vi thoi gian dé thoa mén céc yéu cau téc do dit
liéu. Mot ngudi dung cd thé phat Ry, bit trén don vi thoi gian va séng mang con,
dé R 12 gia tri toi da ma dap g kénh con ciia nguoi dung dat dén. Dat Hy ,(t) 1a
do lo1 kénh va 1y ,(t) 1a tdc do phat cho ngudi dung k trén séng mang con n tai khe
thoi gian t. Muc dich 1a tim cdp séng mang con ma cho phép mdi nguoi dung thoa
min yéu cau tdc do. Nhu di trinh bay, van dé nay co thé giai quyét boi hai thuat
toan st dung thong tin vé kénh cia nguoi ding va yéu ciu toc do dé tim nghiém
gan dung nhat:

>  Cidp tai nguyén: quyét dinh s6 song mang con mdi ngudi dung nhan (bing
thong ctia no) dua trén yéu cau tde do va do loi kénh trung binh ngudi ding goi 1a
thuat toan cap bang dya trén SNR (BABS).

>  Cdp séng mang con: stt dung két qua cua cip tai nguyén va thong tin kénh
dé cap cac song mang con téi cac ngudi dung, thuit toan Rate Craving Greedy

(RCG).
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3.5.1. Thuit toan cap tai nguyén (BABS)

Phan nay mo ta sy an dinh bang thong dua trén SNR: thuat toan BABS sir
dung tc d6 yéu ciu va SNR trung binh cho mdi nguoi dung dé quyét dinh sé song
mang con ma ngudi dung s& dugc an dinh. Gia thiét rang mdi ngudi ding cé do loi
kénh trén mdi séng mang con la:

Higm (8) = (Szg MemOF, (3.9)

Nguoi dung k duoc cp song mang con my. Khi do lgi mdi séng mang con 1a giéng
nhau, cip cong suat-toc do tdi wu 1a dé phat Ry, /my bit trén mdi séng mang con.
Pé tim phan phdi séng mang con tdi wu gilta cac ngudi dung trong kénh phang,
thuat toan BABS lam viéc nhu sau: dau tién mdi nguoi dung nhan my, séng mang
con theo yéu cau toc do cua ho néu tong toan bd cic séong mang con duge cip
khong vira voi bang thong c6 san ta phai:

1. B0 cac sdng mang con tir cac ngudi ding ma c6 nhu cau it song mang con.

2. Thém cac so6ng mang con tdi cac nguoi dung theo SNR
Thuét toan nay chimg to sy hoi tu ciia phan bd cac song mang con gitta cac nguoi
dung va ham f(R.;,"/my) dugc giai thich chinh xac hon. Dé so sanh véi cac thuat
toan khac, cong suat cb dinh tai BS duoc st dung. Vi vay, BS don gian phan bd
cong sudt phat twong dwong gitta cic song mang con ma khéng can diéu khién
cong suat[3].

3.5.2. RCG

Mot khi sd song mang con dugc xac dinh, budc ké tiép 1 4n dinh cac song
mang con cu thé ti cac nguoi dung. Van dé kho dé giai quyét do cac ngudi ding
khac nhau sé théy kénh khac nhau. Thuét toan RCG bét dau véi ude doan tdc do
truyén ngudi dung trén mdi séng mang con vdi muc dich toi da hoa toc do truyén.
Trong mo hinh st dung trong m6 phong Ry .(t) theo (3.2) dugc st dung theo ly
thuyét dung niang Shannon. Thuat toan RCG lam viéc nhu sau:

1. Cap mdi séng mang con n tai mdi khe thoi gian cho nguoi dung véi tée do
truyén toi da 1i,(t).

2. Khi c6 t6n tai mot s6 ngudi dung k ma sd luong séong mang con duge cp
theo tdc do truyén t6i da 16n hon my (cac song mang con duoc cap theo thuat toan
BABS), b6 song mang con tir nguoi dung k va thém mdt song mang con td1 nguoi
dung 1 dé s6 song mang con duoc cap theo toc do phat tdi da it hon my
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3.6. Két luan chuong

Trong chuong nay, ta da tim hiéu mot s6 thuat toan 1ap lich trong h¢ da song
mang OFDM, da nguoi dung. Céac thuat toan 1ap lich dugc tim hiéu theo céc tiéu
chi chat lugng 1a o cong béng, dd tré. Thuat toan Max rate va RR 13 dé lam tham
chiéu do dat duoc thong luong hé thong t6i da thi lai hoan toan khong cong bang va
hoan toan cong bang thi khong chii y dén y tuong phéan tdp da ngudi dung vi thé
khong c6 dugc thong luong hé théng tét. Trong khi d6, thuat toan PFS va RCG tbi
da hoa thong lugng hé thong dong thoi duy tri tinh cong bang. Cac thuét toan s&
dugc mod phong qua phan mém MATLAB, voi cac théng s mo phong s& dugc
miéu ta chi tiét trong chuong 4.
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Chwong 4. MO PHONG

4.1. Muc dich mo phong

Trong chuong 3, luan vin d trinh bay chi tiét mot s6 thuat toan lap lich nhu
RR, Max Rate, PFS, RCG. Trong ph?m mo phong toi chi so sanh viéc thyc thi ba
thuat toan gdm RR, Max Rate, PFS cho viéc cép tai nguyén hé thong vé do cong
bang, do tré va théng lugng twong tng véi s6 ngudi ding.

4.2. Kich ban mé phéng

Trong luan vin ndy, ta xem xét duong truyén xudng ciia mot hé thong phan
tap da nguoi duing OFDM. Ta gia thiét rang téng bang thong B dugc phan chia
thanh N song mang con tryc giao biang hep. Mdi MS do d9 loi kénh mdi séng mang
con va phan hoi thong tin tin trang thai kénh t&i BS thong qua mot kénh phan hoi
riéng. Ta gia thiét rang wdc doan kénh co thé thuc hién mot cach hoan hao va kénh
phan hoi 1a khéng c6 18i. Sau d6 ludng dit liéu ciia mdi nguoi dung duoc chon s&
dugc diéu ché boi so dd didu ché thich hop. No6i chung, trong fading lya chon tan
s6 cac song mang con khac nhau thi trai qua d6 loi kénh khac nhau ngay ca cho
cung mot nguoi dung. Ta gia thiét ring mdi song mang con du hep dé co fading
phang va do loi kénh khong d6i trong mdi khe thoi gian nhung thay doi trong timg
khe thoi gian. Cu thé, ta s& xét viée thuc thi cta ba thuat toan lap lich RR, PFS va
Max Rate vé d6 cong bang, do tré va thong lugng twong tmg sé nguoi dung. Cac
tinh nang cua cac thuat toan sé dugc phan tich va so sanh qua mo6 phong Matlab.

4.3. P cong bang

4.3.1. Thong s6 md phong

Trong phan nay, cac thudt toan s& dugc so sanh v6i nhau dya trén tiéu chi
cong bang. Ta st dung thuat toan RR lam tham chiéu do xur 1y thuét toan nay dat
dugc cac két qua tot nhat vé chi sd cong bang. Mo hinh hé théng mé phong duogc
miéu ta trong muc 3.2. Dé danh gia chi s6 cong bang, nguoi dung véi dap tmg kénh
khac nhau trong ngit canh tit ca cac ngudi dung déu phat dit liéu véi toc do khong
d6i, 32Kb trén khe thoi gian[3].
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Bang 4.1 Céc thong s6 mo phong d6 cong bang

S6 khe thoi gian 150
Sb s6ng mang con 32

t, 20

Sb nguoi dung 1050
Téc do (Kb trén khe thoi gian) 32
Téc do di chuyén (km/h) 3

4.3.2. Két qua mo phong

Do cong bang he thong
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Hinh 4.1 D6 cong bang hé thong theo sb ngudi ding
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Nhan xét:

- Thuat toan Max rate 13 thuat toan kém cong bang nhat do né cap tai nguyén
hé thong t6i nguoi dung ma co kénh tét nhat, do d6 két qua thu duoc v6i thuat toan
nay sé cong bang luén luon kém hon va thing gidng ngiu nhién tiy theo phan bd
kénh ngau nhién cho cac nguoi dung.

- Nhu ta nhin thiy trong hinh, thuét toan PFS c6 cach xtr 1y kha tét do ta dd
thiy trong chuong 3, vi mot thong s t, thip (t, =20) thi thuat toan duy tri chi sb
cong bang kha tot hau nhu véi nguoi dung nhu RR.

4.3. Pp tré

Trong mdi truong vo tuyén thoi gian thuc, mdi géi tin duogc tao ra bdi cac
tmg dung cu thé co lién quan dén thoi han nhét dinh (deadline) 1a d6 tré cho phép.
Bat ky goi tin ¢ thé bi mat do mdt s6 nguyén nhan chinh nhu: khong du tai nguyén
dung cho cac goi tin, chat lugng mang vo tuyén kém, xung dot goi tin tir cac (ng
dung khac nhau. Cac ung dung khac nhau c6 yéu cau chat luong dich vu khac
nhau dugc dam bao bai mot xac suat bi mat g6i tin nao do. So sanh véi mang co
day thi mang khong day gdp thach thic hon do gidi han tai nguyén, tinh di dong va
dic tinh kénh nén xac suat mat goi tin 16n hon.

Lap lich dam bao bang thong cho cac dich vu khac nhau 1a nhi€ém vu quan
trong. Mot sd tng dung nhu video yéu cau bang thong 16n va nhay véi do tré.
Thoai yéu cau mot lugng bing thong nho, nhay véi do tré it hon. T4t ca nhitng tmg
dung nay s& dugc thoéa min néu hé thdng co du tai nguyén dé hd trg va duy tri QoS
cho mdi tng dung riéng 1¢.

Phan mo phong danh gia xac suat dimg kénh va do tré, xac suat dimg kénh
c¢6 lién quan dén dung ning kénh, néu dung ning kénh thip hon dung ning dimg
kénh thi QoS khong dam bao vi bat ké vdi cach giai ma thé nao ciing khong thé
khéng c6 16i. Diéu nay c6 nghia kénh chi truyén khi tbc do bé hon mét gia tri Rmin
nao d6 vi néu truyén 16n hon s& mat géi tin ma mat géi tin lién quan dén do tré cho
phép. Dé dam bao céac khe thdi gian c6 sin, c6 mot BS cip cac tai nguyén hé thng.
C6 mdt hang doi trong MS dé giit cho cac goi tin san sang giri. Néu BS thong tin
cho MS s6 khe thdi gian ¢ sin, MS s& chon mét sb goi tin tir hang doi dé phat. BS
s& 1ap lich theo bing thong c6 san tdi MS khac nhau, theo ba thuat toan: Max rate,
PFS va RR.
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4.3.1. Thong s6 md phong

Pé danh gia chi s6 do tré, cac ngudi dung v6i dap ung kénh khac nhau trong
ngit canh tat ca cac nguoi dung déu phat dir liéu téc d6 khong doi, 32Kb trén khe
thoi gian.

Bang 4.2 Cac thong s mé phong do tré

S khe thoi gian 150
S6 song mang con 32

t, 20

S6 nguoi dung 1050
Téc do (Kb trén khe thoi gian) | 32
Téc do di chuyén (km/h) 3

4.3.2. Két qua mé phéng
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Hinh 4.2 Xac suit dimg kénh theo do tré yéu cau v6i s6 ngudi dung 1a 10
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Hinh 4.5 Xac suit dimg kénh theo sé ngudi ding
Nhan xét:

Céc két qua mo phong dugc chi ra trong hinh tir 4.2-4.4 cho ta thay:

- X4c suat ding kénh giam khi tré cho phép tang véi moi thuat toan.

- Cung mot do tré ta thdy xac sudt ngudi dimg kénh cua thuat toan PFES la
thap nhét. Thuat toan RR cip tat ca cac séng mang con ti ngudi ding tai mdi khe
thoi gian va luong dit lidu du dé théa man cac yéu cau dir liéu vi thé do tré theo cac
khe thoi gian theo thuft toan ndy bang sé luong ngudi dung trong hé théng. Vi vay
néu ta mudn dat duoc QoS, hé thdng chi chip nhan s6 ngudi dung nhu 1a rang budc
d6 tré. Thuat toan Max rate cAp song mang con toi ngudi dung ma c¢6 SNR khoe tai
mdi khe thoi gian, khi co ngudi dung véi dap ung kénh tot hon kénh khac thi s& ¢6
ngudi dung khong nhan duoc song mang con dé phat.

- Néu xét toc do vé khong ciia xac suat dimg kénh thuat toan PFS c6 xur 1y t6t
nhat. N6 dat dugc xac suat 0 nhanh hon céc thuat toan khac do khong c6 cac nguoi
dung khong nhan dich vu trong tat ca cac khe thoi gian duoc mo phong va cac song
mang con duoc cap toi ngudi dung c6 du dé thoa min yéu cau vé chit luong dich
VUL
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Cubi cung trong hinh 4.5, ta thy rang sb nguoi dung trong hé théng ting véi
d6 tré cho trudc, xac suat dimg kénh ting va cac goi tin bi roi cang 16n.

4.4. Thong lwgng
4.4.1. Thong s6 md phong
Bang 4.3 Cac thong s6 mo phong dung ning hé théng

S6 khe thoi gian 150
S6 s6ng mang con 32

t, 20

Sb nguoi dung 1050
Téc do (Kb trén khe thoi gian) 32
Téc do di chuyén (km/h) 3

4.4.2. Két qua mo phong

w10 Dung nang he thong
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Hinh 4.6 Dung ning hé thong tuong tmg voi sé nguoi ding

Nhan xét:

Két qua mé phong duoc chi ra trong hinh tir 4.6 cho ta thy:
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Vi thuat toan RR: thong luong hé théng dat dugc gia tri thép nhét do thuat
toan nay khong quan tim dén phan tap da ngudi dung va cip séng mang con téi
mot ngudi dung theo mdi khe thoi gian doc 1ap véi dap tmg kénh cta nguoi diung
va cac yéu cau toc do.

Theo thuat todn Max Rate: thong lugng hé théng dat duoc két qua tdt nhat do
thuat toan nay cip cac tai nguyén hé thng t6i cac nguoi dung voi kénh tdt nhat va
no téi da hoa thong lugng hé thong. S6 ngudi dung cang 16n trong hé théng, thong
luong hé théng cang 16n do viéc tim dugc mot kénh tot hon co xac suat nhiéu hon
khi ¢ nhiéu ngudi ding.

Thuét toan PFS c6 cach xur 1y t6t hon do dat duoc thong luong hé thong tot
nhung gia tri dat dugc thap hon gia trj ctia thuat toan Max rate do phai duy tri tinh
cong bang. Trong truong hop ndy, cic nguoi dung khong truc tiép canh tranh ngudn
tai nguyén khong hoan toan dua trén SNR ctia ho ma chi sau chuan hoa thong
lugng trung binh tuong ung.

4.5. Két luan chwong
Trong chuong ndy, ta da phén tich céc tinh ning thong qua cic nguyén tic 1ap
lich duoc dé xuit, theo cac tiéu chi vé QoS 1a tinh cong bﬁng, do tré, thong luong
dugc mo phong qua phan mém MATLAB. Thuét toan Max rate va RR 1a dé lam
tham chiéu do dat dugc thong luong hé théng t6i da thi lai hoan toan khong cong
bang va hoan toan cong bang thi khong cha y dén y tuong phan tap da ngudi ding
vi thé khong c6 dugc thong lugng hé thdng tot.
Thuét toan PFS khong dé v dén yéu cau ve tdc do, n6 1lam viée béng cach theo doi
thong luong trung binh ctia mdi ngudi ding trong mot cira s6 ¢ chiéu dai t, va cap
séng mang con téi ngudi ding véi Ry n(t)/Ti,(t) 16n nhét.
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KET LUAN VA PE XUAT HUONG NGHIEN CUU TIEP THEO
1. Két luan

Muc tiéu ctia luan vin 1a khai thac ¥ twong phéan tap da ngudi dung, c6 thé dat
dugc qua viée khai thac cac dic tinh kénh cua ngudi dung thay doi theo thoi gian.
Pé lam diéu do, luan van trinh bay nhitng khai niém chinh vé phan tap, trong do
cht y dén phan tap da nguoi dung. Dé sir dung tot phan tap da nguoi dung, tit yéu
phai xét dén tinh chat kénh truyén ma mdi nguoi ding co, dong thoi phai cha y dén
viéc 1ap trinh sao cho théa mén yéu cau chat lugng hé thong véi cac rang budc nhu
tinh cong bang trong viéc phan chia tai nguyén, do tré cho phép tung loai dich vu
va anh hudng s6 ngudi dung...Vi k§ thuat OFDM duge dung trong hé théng nén
luan van ciing néu khai quat dic diém cua ki thuat nay. Dé hiéu rd nhitng phan néu
trén, mot vai phép mo phong vé tinh ning cic thuat toan thudng ding trong hé
thong nay, xét trong ngit canh moi truong thanh phd. Két qua dugc giai thich va
cho thay nhin chung 1a phtt hop véi 1y thuyét theo ba thuét toan RR, Maxrate, PFS
trong truong hop don gidn.

2. Hudng toi

Tuy nhién, nhitng van dé néu trén chi 13 két qua ban dau. Néu diéu kién cho
phép, tac gia di sdu hon nita vé md phong théng qua Matlab cho céac truong hop
phtc tap hon nhu cac nguoi dung c6 toc d6 va yéu cau khac nhau vé tré, anh hudng
ctia thong s t, trong thuat toan PFS va md rong v6i nhitng thuat toan moi.
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