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MO PAU

Vo tuyén bang rong dang 1a xu hudng phat trién tat yéu cua cac thé
hé vién thong twong lai. K§ thuat truyén dan da séng mang truc giao
OFDM (Orthogonal Frequency Division Multiplexing) cho phép truyén
dan thong tin v6i bang thong rong, toc dd cao 13 lya chon chu yéu voi
cac cong nghé hién tai. K§ thuat nay da dugc dung cho cac hé thong di
dong thé hé thir 4 (4G - 4™ Generation) va dang duoc khuyén nghi cho
cac hé théng di dong thé hé thu 5 (5G- 5" Generation). Bé hd trg k¥
thuat truyén dan nay, cac k¥ thuat két hop can thiét khac nhu mé kénh,
diéu ché,... nham nang cao hiéu qua truyén dan tin hiéu dong thoi dam
bado do tin cay cua hé théng. Pé dat duoc hiéu qua cao, nhiéu thanh phén
duogc lién két v6i nhau thanh hé théng nhu: hé théng diéu ché ma (CM:
Coded Modulation), diéu ché ma lugi TCM (Trellis Coded Modulation),
diéu ché ma c6 xao tron bit BICM (Bit Interleaved Coded Modulation).
Vi hé théng BICM c6 str dung giai ma lap BICM-ID (Bit Interleaved
Coded Modulation with Iterative Decoding) c6 hiéu qua tot trén kénh
pha-dinh ma va trén ca kénh Gauss. Chat luong ctia hé théng BICM-1D
c6 thé so sanh véi hé théng Turbo TCM (TTCM) trong khi chi can mot
bd giai ma SISO, con hé thong TTCM lai yéu cau hai bd.

V§i cac wu diém do, so do BICM-ID cling duoc dé xuit st dung
cho hé thong OFDM. Hé théng BICM-ID OFDM dugc nghién ctru va
chi ra ¢6 hiéu qua cao trén ca kénh pha-dinh va kénh Gauss. Pong thoi
hé thong nay duoc nghién ctru & nhiéu khia canh khac nham nang cao
hiéu qua truyén dan.

Trong hé théng OFDM, tién t6 vong CP (Cyclic Prefix) duoc sur
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dung dé xtr 1y trai tré da duong, xuyén nhiéu gitta cac symbol ISI (Inter-
Symbol Interference). Tuy nhién, tién t6 vong thuong bi loai bo tai may
thu, diéu d6 rat lang phi vi CP vira mang thong tin, vira mang ning
lugng va c6 tinh phan tap thoi gian. Cé nhiéu coéng trinh nghién ciu
nham s dung lai hoac khai thac cac thong tin trong CP nham thu thap
cac thong tin can thiét cho may thu. Cdc két qud nghién ciru tin dung
CP trén déu chi ra muc dich khai thac CP dé wdc luwong do léch tan so,
wée lirong kénh hodc san bang kénh ma chuwa khai thic dwoc théng tin
nam trong CP dé cdi thién chdt lirong hé thong.

Véi vu diém cua hé théng OFDM va BICM-ID, viéc nghién ctru vé
hé thong BICM-ID OFDM, khai thac thong tin nam trong tién t6 vong,
phat huy cau tric giai ma lap va tinh kha thi khi ap dung hé théng nay
vao thyce tién 13 can thiét.

Muc dich ciia ludn 4n gidi quyét cac van dé sau:

1. Muc dich dau tién 1a d@é xudt mét so do sir dung lai thong tin co ich
trong CP dé cdi thién chat lwong ciia hé thong BICM-1D OFDM. Pong
thoi khdo sdt hé thong véi dg dai CP khéc nhau trén diéu kién kénh cu
thé dé c6 thé chon do dai CP phit hop cho hé thong tdi sir dung nay.

2. Viéc két hop so d6 BICM-ID cho hé théng OFDM phai xem xét
dén tinh kha thi va thuc tién. Cac hé théng OFDM thuyc té sir dung k¥
thuat x4o tron bit chu yéu dung xao tron khbi nham phu hop véi thiét ké
phan ctng. So d6 BICM-ID trong cac nghién ctru ¢ hiéu qua cao sir
dung cac bo x40 tron gia ngau nhién, khong phu hop véi hé thong thuc

tién. Vi vay muc dich tha hai 13 dé xudt mét ky thudt xdo trén méi dé
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vica phdt huy hiéu qud cia so do6 BICM-ID vira phii hop véi hé thong
OFDM thuec té, ap dung cho hé théng BICM-ID OFDM tdi sir dung CP.
B0 cuc ciia luin an:
Ngoai phan mé dau, ludn an duoc trinh bay trong 3 chwong nhu sau:
Chuwong 1: Tong quan vé hé thong truyén din BICM-1D OFDM

Noi dung ctua chuong khai quat vé hé thong thong tin sb, moi
truong truyén dan vo tuyén. Tong quan vé so do BICM-ID, hé thong
OFDM va hé thong két hop BICM-ID OFDM.
Chuong 2: Pé xuat ky thuit tai sit dung CP cho hé thong BICM-ID
OFDM

Trong chuong nay dé xuat hé thong BICM-ID OFDM tai st dung
CP, phan tich hé théng va qua trinh tich luy thong tin hau nghiém cho
phép str dung thong tin ¢ ich trén CP dé c6 quyét dinh cudi cung. Hé
théng duoc mé phong va cac két qua dat duoc chi ra hiéu qua cua hé
thong nay.
Chuong 3: Thiét ké bd xdo tron cho hé thong BICM-ID OFDM tai
st dung CP

Dua trén tinh thuc tién, chuong nay dé xuat mot k¥ thuat xdo tron
méi dya trén x4o tron khdi, danh gia k¥ thuat x4o tron maéi va khao sat
bd x40 tron vo1 cac yéu td khac nhau tac dong dén chat luong hé théng
dé tim ra cac tham s6 phu hop va t6t nhat cho hé théng BICM-ID
OFDM thong thuong va tai st dung CP.

Cubi cung la phén két ludn va tai liéu tham khao, phu luc.
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CHUONG 1
TONG QUAN VE HE THONG TRUYEN DAN BICM-ID OFDM
1.1. Khai quat chung vé hé thong thong tin s6

Mot hé thong thong tin sb don gian bao gdm cac thanh phan co ban
nhu b ma hoa va giai md ngudn, ma hoa va giai ma kénh, bo diéu ché
va giai diéu ché, cudi cung 1a kénh truyén. Kénh truyén gém hai loai
kénh la: kénh Gauss va kénh pha-dinh. M6i truong truyén dan thong tin
vO tuyén rat phirc tap, duoc mo ta v4i nhiéu mo hinh kénh khac nhau.
Trong céc tai liéu vé mo hinh kénh déu dua ra ban mo ta phan bd cong
suat tré ctia kénh PDP (Power Delay Profile) dudi dang thong ké cac
phan bd gia tri cong sut trung binh cho tin hiéu thu trén mdi dudng. M6
hinh phu hgp cho mo td nay 1a mo hinh gitt cham tung khau TDL
(Tapped Delay Line), thuong dugc st dung cho cac kénh da duong.

Pé khic phuc pha-dinh, c6 thé sir dung cac giai phap nhu: dung
mach san bang (equalizer), cac k¥ thut phan tap, truyén dan nhiéu séng
mang va ma chong nhiéu (mé kénh). Trong d6, dbi tugng luan an quan
tam 13 truyén dan nhiéu séng mang OFDM va ma kénh.

1.2. Hé thong BICM-1D

Hé théng diéu ché mi c6 xdo tron bit va giai ma lap BICM-ID
duoc cho trén Hinh 1.1. O phia phat, thong tin ban dau duoc dua qua bd
ma hod kénh, bd xdo tron day bit va bd diéu ché. O phén thu, bo giai
diéu ché cung vo1 by giai ma két hop vé1 b xdo tron/giail xao tron tao
thanh mot ciu trac xu 1y 1ap. Bo giai diéu ché thyc hién tinh sb do bit, sb
do nay thong qua bo giai xao tron dé cung cap thong tin cho bo giai ma.

Trén co so két qua giai ma, thong qua vong hoi ti€p, bd gial ma cung
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cap lai cho bd giai diéu ché thong tin tién nghiém c6 gia tri chinh xac
hon sau mdi vong lap dé tinh lai s6 do bit. Viéc quyét dinh mdi bit trong

mot symbol tin hiéu dya trén thong tin vé cac bit khac trong cung

SymbOI khi OL, Ma hoa C » Xao tron Vi, Piéu ché 5
déy du Thong v

A . tin vao Kénh
thong  tin truyén
vé céc bit a

Oe—— Gilaima |« ,GltalA < digllecl:lhé' :r‘
do sau mot Thong tin Xdo tron =
ra
s0 vong lap »| X40 tron
nhat dinh. . 1A A A
' Hinh 1.1: So do6 kho1 hé thong BICM-ID.

1.3. Hé thong OFDM

OFDM la mét trudong hop dic biét ctia diéu ché da song mang. Ky
thuat OFDM chia ludng dit liéu dau vao sé dugc chia thanh N ludng dir
liéu song song co toc dd thap hon va phat mdi ludng dir liéu d6 trén mot
song mang phu khac nhau. Cac song mang phu nay truc giao véi nhau.

Hé thong OFDM bing gbc dién hinh dugc minh hoa trén Hinh 1.2.

B Chuyén gn g ~(Chuyén Them May
— leu > ? =3 > > ? > >

Thongtin | ché | Wsise| [T wéipis[ | _cp || phat

vao Sna i
Kénh
= Chuyén|~ ~ |Chuyén !
A .._G1a1 dAleL‘ N Y, FET ... Y . |[Loaibo|_ | May
Thong tin ché do1 P/S do1 S/P CP thu
ra * -

Hinh 1.2: So d6 hé théng OFDM bang gdc dién hinh
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Pé loai trir hau hét cac xuyén nhiéu giira cac symbol (ISI), khoang
tho1 gian bao vé Ty duogc dé xuit st dung cho mdi symbol OFDM.
Khoang bao vé nay dugc chon 16n hon trai tré ctia kénh truyén, diéu nay
lam cho cac thanh phan da dudng tir mdt symbol nay khong thé giy
nhiéu téi symbol tiép theo khi khodng bao v€ nay bi loai bo tai may thu.
Khoang biao vé dugc st dung la mé rong chu ky cua symbol d6 nén
duoc goi la tién to vong CP. Tin hi¢u trong khoang bao v¢ dugc chon la
ban sao cua doan cudi ky tu OFDM nhu minh hoa & Hinh 1.3, ban sao
nay duoc ghép vao dau, phan doan bao vé Ty vavi thé ma tinh tuan hoan

cua tin hi€u trong

mién thoi gian Sao chép va dan | |

van duoc duy tri IFFT CP IFFT ! CP IFFT
va cac séng mang T, Trrt
trong mién tan so | | Ts | |

Ky hiéuN-1 ! | Ky hiéu N+1

Ky hiéu N

van  truc giao,
Hinh 1.3: Chén khoang bao vé¢ CP

khong con ICI.
1.4. H¢ thong BICM-1D OFDM
u C VoS 2 2t | X(t
o[ Ma hoa || Xéotron | iduché |~ MY DR Y
Thon <
tin vao Kénh truyén
O, [Giaima | [Giaixdo| [Giaididu] r [Maythu
,H;A—‘ SISO ¢ tron  [¢ ché OFDM ¢
ong y(t)
tinra
,| Xao tron

Hinh 1.4: Hé théng BICM-ID OFDM
So d6 khoi két hop gilta hé thong OFDM va so d6 BICM-ID dugc
cho ¢ Hinh 1.4.



1.5. Pit van dé nghién ctru

Tién t6 vong CP trong hé thong OFDM thuong bi loai bo tai may
thu. Trong khi d6 CP vira mang thong tin, vira mang nang lugng va co
tinh phan tap thoi gian. PA c¢6 nhicu coéng trinh nghién ctru nham st
dung lai hodc khai thac cac thong tin trong CP. Tuy nhién, cac két qua
nghién ctru nay dung dé udc luong do 1éch tan o, ude luong kénh hoac
san bang kénh ma chuwa khai thac dwoc théng tin nam trong CP dé cdi
thién chat luwong tin hiéu thu dwoc cua hé thé'ng. Chinh vi thé, van dé
dau tién trong ludn an 1a dé xudt mét hé thong co thé tdi sir dung CP dé
cdi thién chdt leong ciia hé thong BICM-1D OFDM. Pong thoi khdo sdt
hé théng VoI viéc lcfy do dai CP khdc nhau trén diéu kién kénh cu thé dé
c6 thé chon dé dai CP phii hop cho hé thong tdi sir dung nay.

Cac hé thong két hop BICM-ID véi OFDM déu str dung bd x4o
tron gia ngau nhién dé moé phong hé thong. Cac bd xdo tron gia ngau
nhién cho hiéu qua truyén dan cao nhung khong phi hop véi hé thong
thuc té. Vi vay, can thiét cdn c6 mot bd xdo tron thod mén hai vin deé:
phit hop hé thong thue, ¢é tinh khd thi cho truyén dan OFDM va van
ddm bdo hiéu qua cia so do BICM-ID. Do d6 van dé thtr 2 cua luan an
1a dé xudt mét ky thudt xdo trén méi lam sao vira phat huy hiéu qua ciia
so do BICM-ID lai vira phu hop voi hé théng OFDM thyc té. Bd x40
tron ndy dp dung cho hé thong tdi sir dung CP nhu van dé thtr nhat da
dua ra va cing cé thé dp dung cho hé thong BICM-ID OFDM théng

thuong.
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CHUONG 2
PE XUAT KY THUAT TAI SU DUNG CP
CHO HE THONG BICM-ID OFDM

Phan dau ctia chuong ndy trinh bay k¥ thuat giai ma lip, co so cho
phan phan tich hé thong tai sit dung CP ¢ phan tiép theo. Phan sau dua
ra so d6 hé thong BICM-ID OFDM téi st dung CP nham néng cao chat
lugng hé théng. Cac két qua md phong hé théng dugc cho trong phan
cudi sé& chi ra hiéu qua cua hé thong nay.
2.1. Gidi ma lap

Giai ma lap 1a su trao d6i cua thong tin mém lién tuc gitta cac bo
giai ma & mdy thu. Cac bo giai ma dua trén thong tin cta kénh truyén va
thong tin tién nghiém dé tinh toan thong tin hau nghiém va thong tin
ngoai lai. Thong tin ngoai lai cua bg giai ma nay sau khi qua bd xao
tron/giai xao trgn s€ thanh thong tin ti€én nghi€ém cho b giai ma khac.
Két qua cudi cung s& duoc quyét dinh dua trén thong tin hau nghiém sau
mot sO vong lap giita cac bd giai ma. Thong tin mém gom tich 3 tham s6
(3 gia tri xac suat): aei(i), 7(i.j) va B(j), day 1a trang thai bat dau cua
nhanh, trén nhanh va cudi cung ctia nhanh (theo so do ludi).

Phan bd APP d¢é tao ra thong tin ngoai lai cho giai ma lip 1a:

= oC = . . . .
Papp ka|YO:K—1 ka Yok 1 ka Pyk|xk PYO:k—lfYk+1:K—1|Xklyk (2 1)
— N ~ J
apriort channel extrinsic
%/_/

intrinsic
Dé cho thuan tién, ham Log- Likelihood dugc st dung thay vi ham

xé4c suat ctia chinh n6. Khi d6 (2.1) tro thanh:
= La priori + Lchannel + I-extrinsic' (22)

X Yok -1
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2.2. X4y dung so @6 hé thong BICM-ID OFDM dua trén ky thuit
tai sir dung CP

Trong biéu thic (2.2), thong tin hau nghiém cho gia tri x, chap
nhan thong tin ngoai lai tr cac bo giai khac. Chinh vi vay, khi c6 cac
thong tin ngoai lai bo sung sé gitip cho qua trinh giai lap duge chinh xac
hon. Vi vay, nham tan dung thong tin kénh truyén nam trong CP, so dd

hé thong BICM-ID OFDM téi str dung CP duoc dé xuat & Hinh 2.1.

C A ] S Oi A
o u M3 ho4 > Xao tr@n v > DPiéu ché > Kgglé)l\};lat Xc
Thong Y
tin vao Keqh
truyén
P(c;1) P(v,;0) r ~
PU:0) [ Giaima Giai x40 | [Gial disue| K001 thu
“ siso [ tron  [Y]  ché oroMm | |7
P(c,;0) Pl
Xao tron
Quyét -
O« .7 e COng
. | dinh A
u »| Xao tron
tin ra ——— — — ¥ Khdi thu
Gial ma . Giai xao Giai diéu| P
e« SISO [ tron [ ché OFDMc¢p
P (U,;O) P_(c:1) P, (v;0) Fep
cp \Vk ! cp\Tk?

Hinh 2.1: So d6 khi hé théng BICM-ID OFDM tai sir dung CP.
Hoat dong ctia nhanh 1 va nhanh 2 song song va dgc 1ap vdi nhau.
Trén nhanh 1 (nhanh thu trén), symbol OFDM dugc thuc hi¢n FFT dé
duoc cac tin hiéu thu r, tin hiéu thu nay dugc dua dén phan giai lap dé
ldy cac thong tin hau nghiém va thong tin ngoai lai. Théng tin hau

nghiém nhanh 1 sau mdi mot vong lap duoc dua dén khdi Cong, khoi
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nay cong don céac gia tri hau nghiém cua ca hai nhanh sau mdi vong lap.
Tuong tu trén, tin hiéu thu & nhanh 2 (nhanh dudi) qua khdi OFDMcp

thu duoc r,, tin hi€éu nay cling duoc giai 1ap nhu trén, cac thong tin hau

cpo
nghiém dugc dua dén khoi Cong dé cong véi nhanh 1 sau mdi vong lap.
Sau mét sb vong 1ap, cac thong tin hau nghiém téng s€ duoc dua td1 bo
quyét dinh dé tao thanh thong tin ra.

Nhanh 1, x4c suit hau nghiém cho cac bit ma dugc tinh béng:

P(v, =b|r)~ >, p(s;|r)~ D, p(r]s,).P(s,).
s,e8, s,eS; (2 ) 3)

Nhanh 2, x4c suit hau nghiém cho cac bit ma dugc tinh béng:

P(Vk =b I r:c'p) - Z p(Si Irc.‘p) - Z p(rcfp IS;,‘)'P(S{)-
5,€8; s5,e8F (2 , 4)

Cac gia tri thong tin hau nghiém duogc tinh trong (2.3) va (2.4) sau
moi vong lip s& duoc cong lai & bd Cong, sau mot s6 vong 1ap s€ duoc
dua dén bod quyét dinh dé dugc thong tin ra.

2.3. Két qua mdé phéng danh gia chat lwong hé thong BICM-1D
OFDM duva trén ky thuat tai sir dung CP

Ban mo td phan bd cong suét tré cua kénh PDP (Power Delay
Profile) duoc cho trong cdc mo hinh kénh 14 cac théng ké vé quan hé
gilta cac gia tri cong suat trung binh thu duoc tai cac thoi gian tré khac
nhau so véi cong suat tin hiéu dén sém nhat. Diéu nay chi ra su chong
lan giita symbol OFDM nay dén doan dau CP cua symbol OFDM ké
tiép. Nhu vay, néu st dung lai CP thi lay doan sau ctia CP s& ¢6 lgi hon.
Mat khac, dudi tac dong cua pha-dinh 1én tin hiéu va phuong phap xao
tron/giai xao tron trong cau trac giai 1ap, viéc tinh toan hiéu qua hé
théng OFDM tai sir dung CP bang giai tich 13 khong kha thi. Vi vay,
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phan nay khao sat hé théng bang mo phong véi do dai CP khac nhau
nham tim ra d6 dai CP thich hgp nhat cho hé thong dé xuit trén kénh
pha-dinh da duong.

Céc tham s6 mo phong dua theo mot sé diéu kién cu thé véi do dai
ctia doan CP thay thé 1a ca doan CP (4/4CP), 3/4CP, 2/4CP hay 1/4CP
nhu minh hoa & Hinh 2.2¢, d, e, f, hoic co thé ldy dén 1/8CP, 1/16CP.
Tuy nhién, viéc chia qua nhé CP s& kho thuc hién trong thuc té.

~cP Phinthdén  a)
- Phanthn b
- Phanthén  4/4CP ¢
~ Phanthan  3/4CP  d)
~ Phinthan  2/4CP | )
~ Phanthan = 1/4CP f)

Hinh 2.2: Minh hoa cac doan CP dugc dung dé tai sur dung.

LTE BICM-ID, AWGN, BW = 3MHz, 2 Sym, 16QAM
T T T T T T

Két qua mdé phong

T T 3
——3%— M16a,LTEInter,w/o CP |]
—A— M16a,LTEInter, 1/16CP |]
—%— M16a,LTEInter, 1/8CP ||
—0— M16a,LTEInter, 1/4CP ]
—©— M16a,LTEInter, 2/4CP |]
—B— M16a,LTEInter, 3/4CP ||
—#— M16a,LTEInter, 4/4CP |7

hé thong trén kénh Gauss

10t

vol tap anh xa M16a, bd

1071

xao tron cua LTE dugc X
N AN
cho trong Hinh 2.3. Y AN
Theo két qua trén 107 N—\%
10°F . N .
hinh nay, duong hinh ngo6i |

85 9 .95,

sasonétdiat laBER ciahé “o 1 2 s« s s 7 s o 10

Eb/No [dB]

théng BICM-ID OFDM Hinh 2.3: So §énh hé thong tai st dung CP
X ‘ 80 vGi hé thong BICM-ID OFDM thong

thong thuong dwoc mé thyong trén kénh Gauss, bang thong 3MHz,

phong theo so 6 Hinh 1.4 xao tron LTE.
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(sau ndy goi tat 1a hé thong thong thuong). Cac duong BER con lai 1a
ctia hé thong BICM-ID OFDM tai str dung CP (goi tat 1 hé thong tai sir
dung CP) theo Hinh 2.1 v61 d§ dai doan CP sur dung lai la 1/16CP,
1/8CP, 1/4CP, 2/4CP, 3/4CP va ca doan CP (4/4CP) tuong rng nhu chu
thich trén hinh.

Nhu vay, véi cung by xdo tron khoi cta LTE, két qua md phong
trén cho thdy hé théng tai sir dung CP cho két qua tot hon hé théng
thong thuong va co do 1oi xdp xi 1dB & céac gia tri BER=10°, BER=10",
BER=10" (vi chung déu chay song song voi nhau) voi cac d6 dai doan
CP st dung lai khac nhau. Ngoai ra, v&i do dai CP st dung lai khac déu
cho két qua nhu nhau, diéu nay c6 thé tan dung trong truong hop kénh
pha-dinh. Do 14 ¢ thé st dung d6 dai ngan hon (1/4CP, 1/8CP cudi) 1a

du dem lai hiéu qua néu trong truong hop cac doan CP phia trude bi ISL

o LTE BICM-ID, Fade (Pedes B),ZF, BW = 3MHz, 16QAM B} Khao sat do dai tai su dung CP toi uu
T T T T T T T T T El 10 T T T T
M16a,LTEInter, wio CP |3 —©— Eb/No= 15dB, LTEInter J
—A-— M16a,LTEInter, 1/16CP | —B— Eb/No=17,5dB, LTElnter []
1wl "V M16a,LTElnter, 1/8CP || —— Eb/No= 20dB, LTEInter ||
—&— M16a,LTEInter, 1/4CP |3 » [ 1 —o
—6—Mi6aLTENter, 214cP |[{ 10 —
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Hinh 2.4: So sanh hé thong tai st Hinh 2.5: Khao sat do dai tai st
dung CP vé&i hé thong BICM-ID dung CP téi wu cho hé thong tai st
OFDM thong thuong trén kénh dung CP.
pha-dinh da duong, bang thong
3MHz, x4ao tron LTE.

Pé khang dinh hiéu qua cua so d6 BICM-ID OFDM tai st dung

CP dé xuit, cac két qua md phong hé thong nay trén kénh pha-dinh da
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duong theo mé hinh TDL nhu phan tham s da dé cap. Cac mo phong
trén kénh pha-dinh dugc chi ra & Hinh 2.4.

Theo Hinh 2.4, dudng tron nét lién 1a duong BER cua hé thong
thong thuong, cac duong BER con lai cua hé thong tai si dung CP véi
do dai CP su dung lai 1a 4/4CP, 3/4CP, 2/4CP, 1/4CP, 1/8CP va 1/16CP.
Két qua mo phong trén hinh cho thay voi viéc thay thé do dai CP khac
nhau thi hiéu qua ctia hé thong ti str dung CP ciing khac nhau. Theo két
qua nay, hi¢u qua cua h¢ théng tai st dung CP va1 d6 dai doan 1ap 1a 1/4
CP 1a tot nhét va ¢6 dg lpi khodng 1dB tai gia tri BER=10" so voi hé
thong thong thuong, twong tu nhu két qua trén kénh Gauss. Pé minh hoa
rd hon do dai t6i vu 1a 1/4CP, Hinh 2.5 dua ra cac két qua cu thé cua
Hinh 2.4 v61 tung gié tri E, / N, khac nhau. Nhu vay, véi truong hop cac
tham sb cu thé thi chi can st dung do dai 1/4CP dat hiéu qua tdi vu cho
hé thong.

2.4. Két luan chwong

Trén co s& phan tich phan giai ma lip, chuong nay dé xuat hé
thong BICM-ID OFDM tai st dung CP nham tn dung thong tin nam
trong tién t6 vong dé nang cao hon nira hiéu qua ctia hé thong. Cac két
qua md phong hé thdng cho thay hé thong dé xuat co do loi c6 thé 1én
dén 1dB so véi hé théng BICM-ID OFDM thong thuong trén ca kénh
Gauss va kénh pha-dinh. Do dai CP t6i uu ¢6 thé st dung 1 1/4CP.
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CHUONG 3
THIET KE BQO XAO TRON CHO
HE THONG BICM-ID OFDM TAI SU DUNG CP

Pé c6 thé trién khai hé thong BICM-ID OFDM tai str dung CP vao
thuc tién, can phai xem x¢&t dén tinh kha thi cua hé théng. Do do, trong
chuong nay dé xuat mot ki thuat xao tron méi don gian, phu hop véi
thiét ké thuc tién cho hé théng thuyc dong thdi van cho phép so do
BICM-ID dat hiéu qua cao dé ap dung cho hé thong tai sir dung CP va
hé thong BICM-ID OFDM thong thuong.

3.1. Tong quan vé mdt s6 ky thuit xao trén

Muc dich ctia b x4o tron 1a lam phan tan chum 15i (16i cym) trong
truyén dan trén kénh pha-dinh thanh cac 16i don, sau d6 cac bd giai ma
s& gitup khic phuc cac 16i don nay dé 1am cho hé théng tin cdy hon. Co
nhiéu phuong phap va k¥ thuat dé thiét ké cac bo xao tron. Viée thiét ké
bo x40 tron cling nhu vi¢c lya chon do dai khoi bit x40 tron mot cach
hop 1y c6 tinh chat quyét dinh dén chat lugng cia b x4o tron va qua do
anh huong dén hiéu qua cua hé thong BICM-ID.

Cac b0 xao tron thuong dugc st dung co thé phan chia lam ba loai
chinh: x4o tron khi, x40 tron gia ngiu nhién va xao tron ngau nhién. Ky
thuat x4o tron khoi 14 ky thuat xdo tron don gian nhat trong d6 cac thong
tin dau vao dugc ghi thanh mot khoi dir liéu (co thé 1a khdi vuong hodc
khong vudng) theo mot quy tac nhat dinh, thong tin dau ra duoc doc trén
khoi dir liéu do theo mot quy tac khac. Qua trinh x40 tron dat duogc
chinh 14 qua trinh ghi va doc thong tin trén khéi dir liéu d6. K¥ thuat xéo

tron thir hai 13 k§ thuat x4o tron gia ngau nhién trong d6 quan hé giira cac
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bit dau ra va cac bit dau vao theo mot quy luat nao d6 dé co tinh ngau
nhién 16n nhat. Ky thuit xdo tron thir ba k¥ thuat xdo tron ngiu nhién
(Random), k¥ thuat nay can sé budc bang dung do dai bit can xdo tron
trong do dia chi dau ra lan lugt duoc chon mot cach ngau nhién mot
trong s dia chi cac bit dau vao.

Doi véi ki thuat xdo tron khoi, ki thuat nay cho thay vu diém 1a
qua trinh xdo0 tron rat don gian, dé thiét ké ché tao nén trén thuc té, bo
x40 tron nay dugc st dung rat nhiéu trong cac thiét bj truyén dan.
Nhung nhugce diém cua ki thuat nay 1a hiéu qua xao tron thap. Voi ki
thuat xao tron gia ngﬁu nhién, viéc thiét ké bo x4o tron can phai co6 cac
diéu kién rang budc giita dau vao va dau ra nén van dé thiét ké va ap
dung vao thuc tién twong d6i phirc tap.

Co thé danh gid bd xao tron khoi va bd x40 tron gia ngau nhién dua
trén hai nguyén tic: nguyén 1y xdo tron va phuong phap thuc hién bo
x40 tron. V& nguyén 1y xdo tron da dugc trinh bay & trén. Vé phuong
phéap thuc hién bd xdo tron va giai xdo tron cd thé chia lam hai loai:
phuong phap stir dung bang tra (Look-Up-Table - LUT) va phuong phép
sir dung bo tao dia chi (Address-Generation-Unit - AGU). Phuong phap
stt dung LUT c6 d¢ phirc tap vé phan cing thap va cac ki thuat xao tron
khéi thyuc té str dung phuong phap nay. Véi phuong phap st dung bo tao
dia chi (AGU), b0 xao tron can c6 mot bd AGU tao ra cac dija chi ghi
vao va doc ra & bd nhé dir licu. BO AGU duya trén mot thuat toan nao do
dé tinh toan dja chi ghi va doc. DPbi véi viee thue hién bd x40 tron va
giai x40 tron sir dung AGU, thach thirc 16n nhat chinh 13 viéc don gian

hoa cac tinh toan dia chi cho AGU va su déng bo v&i qua trinh ghi doc
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dir liéu, dac biét vo1 hé théng yéu cau toc do cao. Cac bo x40 tron gia
ngau nhién déu st dung phuong phap AGU. Chinh vi vdy, cic bo x4o
tron gia ngau nhién phtc tap hon nhiéu so voi k¥ thuat xao tron khoi
trén ca nguyén ly va viéc thuc hién trong thuc té.
3.2. Thiét ké bd x40 tron méi cho hé thong BICM-ID OFDM

Trong cac hé thong st dung BICM-ID, viéc quyét dinh gia tri mot
bit trong symbol tin hi¢u dua vao cac bit khac cung symbol. Vi vay, viéc
thiét ké bod x4o tron nay dugc tinh toan sao cho: thir nhat vi tri cac bit
trong cung mot symbol dam bao cach xa nhau; thir hai vi tri cac bit trong
cing mot symbol s& nam & cac séong mang con cang xa nhau cang tot;
thir ba 1a cac bit nam & CP két hop voi céc bit ¢ diéu kién thuén loi.
Thiét ké b x40 tron

K¥ thuat xdo tron nay duoc thiét ké dua trén ky thuat xao tron
khoi, ap dung cho k¥ thuat diéu ché M muc, twrong ung voi m
bit/symbol vé1 m=1log, M , dd dai bit x4o tron phai chia hét cho 4xm, va
duoc chia lam cac budc (dugc minh hoa trong Hinh 3.1) nhu sau:

Chudi bit ban dau

Bwéc 1 (Phan chia chubi xao tron)

Phan dau Phan dudi

Bwdc 2 (Xao tron tirng phan)
, .
Bwéc 3 (Tang khoang cach xao tron)

| Phandau | Hang3 | | !

(

Chuéi bit da dwoc x&o trén

| Phandau | Poancusi | |Phandudi | Hang3 |

Hinh 3.1: Minh hoa céc budc thiét ké bo xéo tron.
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Buédc 1: Phan chia chudi xdo tron.

Chudi bit c6 do dai L duge chia 1am 2 phan dugc goi 1a phan dau
va phan duoi (phan dau dai 3/4 (3L/4), phan dudi dai 1/4 (L/4)).

Bwoc 2: Thuc hién xdo tron cho tung phd‘n.

- Phan dau dugc xép thanh khoi ma tran voi m hang tuong tmg m
bit/symbol diéu ché va ¢ cot. Hang 1 sé& 1a cac bit thir 1 ctia cac symbol
m bit (dich vong (0/m)xc sang phai). Hang 2 1a cac bit thir 2 cua cac
symbol nday nhung duoc dich vong sang phai (1/m)xc vi tri (1/m s
cot). Hang 3 1a cac bit thir 3 va dich vong sang phai (2/m)xc. Cac hang
tiép theo duogc sap xép va dich vong tuwong tu trén.

- Phén dudi cta chudi bit (1/4 chudi) cling duoc lam tuong tu xép
thanh khdi va thuc hién dich twong tu nhu phan dau. Khoang cach 16n
@+m)

m

nhat giita cac bit trong mdt symbol 1a: xc' vi tri trong d6 ¢'=_L/4m

v4i ¢ 1a s6 cot tuong Ung ctia phan dudi da xip xép thanh khoi.
Bworce 3: Tang khoang cach xdo tron
Thuc hién ddo mét phan cudi ciia phan dudi cho hang thir 3 phan

dau (twong g s bit can dao la: %j—; = 43n:2 (1/m ctia 3/4 chudi bit).

Cudi cung 1a doc ra theo hang (nhu x4o tron khéi thong thuong)
ctia phan dau roi d&én phan duoi.
3.3. Khio sit hiéu qua bd xdo tron méi véi hé thong BICM-ID
OFDM

Trong hé thong BICM-ID OFDM, phan tinh s6 do bit, x4o tron/giai
x40 tron, giai ma mém (SISO) tao thanh ciu tric giai lap (BICM-ID) 1a

yéu to quyét dinh dén chat luong hé thong. Vi vay trong phan nay, luan
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an dya trén cac yéu to anh hudng dén hé thong BICM-ID lam co so dé
khao sat hiéu qua cua bo xdo tron dé xuét. Dua trén cac yéu tb nay, muc
tiép theo luan an khao sat hiéu qua bo xao tron méi cho hé thong BICM-
ID OFDM. Tur cac khdo sat d6, luan an dua ra duoc cac tham so phi hop
nhat cho hé théng nay.
3.3.1. Cac yéu t6 anh huéng téi chat lwong ciia hé thong BICM-ID
Chat lugng cua so dd BICM-ID phu thudc vao tap anh xa, b0 ma
chap, h¢ ) ty 1€ SF, s6 1an 1ap cho h¢ théng va bd xao tron bit.
3.3.2. Khio sat hiéu qua b xao trén méi véi hé thong BICM-1D
OFDM
Khdo sat d6 dai khoi bit xdo trén
Cac két qua khao sat sir dung chuong trinh md phong bang phan
mém MATLAB véi cac tdp anh xa dung dé khao sat: phan hoach tap SP
(Set Partition), Gray va binh phuong trong sd o-co-lit cuc dai MSEW
(Maximum Squared Euclidan Weight). Két qua dugc thé hién ¢ Hinh 3.2.

Dl,l’a trén keét qua " Khao sat do dai New-Inter (802.11, 6lap)
1 A & - ; —6— MSEW, Eb/No = 6dB
Hinh 3.2 cho thay, vo1 hal S —8— MSEW, Eb/No = 6,25dB
10 1 —&— MSEW, Eb/No = 6,5dB &

wQ Set Partition, Eb/No = 6dB|

tép énh Xa nély Gray Vé - ¥ = Gray, Eb/No = 6dB

102¢

© -\ o -0 -~

phan hoach tap, viéc thay

P
Ho10%F W~

doi do dai xao tron khong

104

1am thay d6i chat lugng hé

X: 6144
Y: 1.444e-05
,,,,,,,,,,,,,,,, P g — A A —

thong. Véi tdp anh xa

MSEW, két qua nay chira ‘ ‘ . . ‘
0 2000 4000 6000 8000 10000 12000
Do dai khoi xao tron (bit)

rang hi¢u qua bo xao trdn Hinh 3.2: Khao sat do dai khéi xdo tron véi
dé xudt phu thudc kich cac tap anh xa va mac nang luong bit E, /N,
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thudc bd x4o tron va mirc nang lugng bit dé dat duoc thong tin tin cay.
Nhu vay, by xdo tron mdi dé xuét cho hé théng BICM-ID OFDM
dat hi¢u qua cao khi st dung tdp anh xa phu hgp (MSEW) v6i 4o dai
x40 tron nhat dinh (6144bit).
Khdo sat chat luong cua bo xdo tron moi voi mot s6 bé xdo tron khdc
Pé danh gia hiéu qua cua ki thuat xdo tron méi (Newlnter), luan
an thuc hién so sanh va danh gia vdi cac ky thuat xao tron khac la: hai
ky thuat x4o tron gid ngiu nhién Relative Prime (Goldeninter0) va
Dithered Relative Prime trong (GoldenInterl), bd xdo tron khoi cua
chuan 802.11 (Wifilnter), bd xdo tron cua LTE (LTElnter). Hinh 3.3,
Hinh 3.4, Hinh 3.5 va Hinh 3.6 chi ra két qua so sanh gitta cac k¥ thuat

xao0 tron trén ca kénh Gauss va kénh pha-dinh.

BICM-ID OFDM,AWGN, 16QAM (802.11,6lap)

o BICM-ID OFDM,AWGN, 16QAM (802.11,6lap) o
10 T T T T T T T 10 ; ; ; ; ;
| } } } }
[
10
: 10" \
[ L ¥
o Y \
107 \
3 \
i 02 \ N\
3 R N
o \ X
I % m} X
o o 1\ \
4
10 E| —©— set Partition,Goldeninter 0 10 ‘= §,‘ \\
[| —B— Set Partition, Goldeninter 1 (= X
105l —9— Set Partition, New-Inter \‘ \\ ‘\
F| —¥— Set Partition, Wifi-Inter ] \
[| —€— Gray mapping, New-Inter 10§ —©——MSEW Mapping, Wifilnter,
= . X
10°L] =& Gray mapping, Wifi-Inter H —6—MSEW Mapping, Newinter 4] X
f| =—©—— Gray Mapping,Goldeninter 0 H —©— MSEW Mapping, Goldeninter 0 \
Al —HB— Gray Mapping,Goldeninter 1 . [| —E— MSEW Mapping, Goldeninter 1 D
Y T T T T L L L L L 10 I I I I
10 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

Eb/No

Eb/No [dB]

Hinh 3.3: So sanh hiéu qua cua Hinh 3.4: So sanh hi¢u qua cua céc
cac k¥ thuat xao tron vai tap anh ky thuat xao tron véi tip anh xa
Xa phan hoach tap va Gray trén MSEW trén kénh Gauss, d0 dai
kénh Gauss, o dai khoi xao tron khdi xdo tron 6144 bit.

6144 bit.

Két qua mo phong trén Hinh 3.4 da cho thay, b xao tron mdi mic

du 14 b x4o tron khoi nhung chdt hwong ciia bg xdo trén ndy twong
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dwong véi 2 b xdo trén gid ngau nhién. Khi so sanh cac bd xdo tron
khdi voi nhau & cac két qua mo phong trén Hinh 3.4, Hinh 3.5 va Hinh
3.6. Bé xdo trén dé xudt cho chdt luwong 16t hon ky thudt xdo tron khoi
ciia chudn 802.11 va LTE. Pic biét 1a v6i hé thong LTE dang rat thinh
hanh, mic du véi tap anh xa MSEW nhung cac két qua mo phong (trén
kénh Gauss va kénh pha-dinh da duong) cho thay hiéu qua cia ki thuat

x40 tron dé xuat tot hon ky thuat x4o tron cua h¢ thong LTE.
LTE BICM-ID, AWGN, BW = 3MHz, 16QAM, 6lap, Nsym=4

.‘ F é‘ > A

10’

B LTE BICM-ID, Fade (Pedes B),ZF, BW = 3MHz, 16QAM
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Hinh 3.5: So sanh k¥ thuat xao tron
maoi voi Ky thuat xao trdn LTE dung
tap anh xa MSEW trén kénh Gauss,
d6 dai khoi x4o tron 2880 bit.

Hinh 3.6: So sanh k¥ thuat xao tron
mai va ki thuat xéo tron LTE dung
tap anh xa MSEW trén kénh pha-
dinh da duong, do dai khdi xdo tron

2880 bit.
Khao sat chat lwong cua bo xao tron moi voi cac tap anh xa
Cac tham s6 vé bo mi hoa kénh, OFDM, tip anh xa diéu ché
16QAM, kénh truyén TDL. Cac két qua khao sat chat luong ciia bd xdo
tron dé xudt voi cac tap anh xa khac nhau dugc cho trong Hinh 3.7 va
Hinh 3.8. Dya vao céc két qua nay, voi b xao tron mai, chat luong cua
hé thong BICM-ID OFDM dugc cai thién dang ké so vdi bd xdo tron

khéi thong thuong. Khi khao sat chat luong cua hé thong vai cac tap anh
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xa khac nhau két hop vdi bd xao trdn méi, cac két qua déu chi ra cac tap

anh xa toi vu M16a, M16r va MSEW déu cho pham chat tot, va tip anh

xa tbt nhat 1a tap anh xa tdi wu M16a.

Nsym=4
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Hinh 3.7: Banh gia cac tap anh xa va
bo x40 tron khac nhau cia hé thdng
BICM-ID OFDM trén kénh Gauss
duva trén tham s6 cua LTE, dai thong
3MHz.

LTE BICM-ID, Fade (Pedes B),ZF, BW = 3MHz, 16QAM
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Hinh 3.8: Banh gid céic tap anh xa
va bd xao tron khac nhau cua hé
théng BICM-ID OFDM trén kénh
kénh pha-dinh da duong dua trén
tham s6 ctia LTE, dai thong 3MHz.

LTE BICM-ID, AWGN, BW = 3MHz, 2 Sym, 16QAM

3.4. Két qua mo phong bo
N , 10"
xa0 tron deé xuat cho he s
* * [ —%—M16a,LTEInter, wio CP *
A re o 10 g —&A— M16a,LTEInter, 1/16CP
thong tai sir dung CP ey ~
. i 10°} —O—M16a L TEmter, 214P \ AN
V61 b0 x4do tron dé e Moo, sice = S
107 LI —#—M16a, Newinter, w/oCP \ o\
A 7. \ r e A , E| —&-— M16a, Newinter, 1/16CP k
xuat moi, cung voi tap anh | 7 e, Newner, e i \
° 5| | —9-—M16a, Newlnter, 1/4CP \
y 10 B ——©-—M16a, Newinter, 2/4CP \
1 a H —EF— M16a, Newlnter, B
xa M16a, Hinh 3.9 cho thay e e o e
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két qua so sanh hé théng tai
stt dung CP so véi hé thong
thong thuong trén kénh
Gauss. Theo két qua nay, hé

Hinh 3.9: So sanh hé thdng tai sir dung CP
so v6i hé thong BICM-ID OFDM thong
thuong trén kénh Gauss dya trén tham s6
cua LTE, bang thong 3MHz, by xdo tron
méi va bo xdo tron khoi cia LTE.

thong tai st dung CP (v6i do dai CP sir dung lai twong tmg theo cht

thich) c¢6 d0 loi so voi hé théng thong thudng khoang 0,25dB. Két qua
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cling chi ra chat lugng cua bo xdo tron moi t6t hon bd x40 tron cia LTE
(da chi ra trong Hinh 2.3). Ngoai ra, tai gia tri BER=10" thi b9 xdo trén
moi co do loi khoang 2,25dB so voi bo xao tron cua LTE khi cung thuc
hién trén hé théng tai sw dung CP.,

Cac két qua mo phong hé thong thong thuong va hé thong tai su
dung CP str dung bd xao tron méi trén kénh pha-dinh dugc chi ra ¢ Hinh
3.10 va Hinh 3.11.

o LTE BICM-ID, Fade (Pedes B),ZF, BW = 3MHz, 16QAM Khao sat do dai tai su dung CP toi uu
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F I I I I
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Hinh 3.10: So sanh hé théng tai st Hinh 3.11: Khao sat do dai tai
dung CP véi hé théng thong thuong sir dung CP tdi wu véi k§ thuat
trén kénh pha-dinh da duong, dua trén x40 tron mdai.
tham s6 cua LTE, bing thong 3MHz
st dung bo x4o tron dé Xuat.

Trong Hinh 3.10, cac dudng BER nét dut biéu thi cho hé thong tai
st dung CP vdi1 cac do dai CP st dung lai 1a 4/4CP, 3/4CP, 2/4CP,
1/4CP, 1/8CP va 1/16CP. Theo két qua ndy, hiéu qua cta hé thong tai sur
dung CP vé6i d6 dai doan 13p 1a 1/4CP va 1/8CP 1a tét nhat va cé dé loi
khodng 0,5dB tai gia tri BER=10" so voi hé thdng théng thudng. Chinh
vi vay, b0 xdo tron mdi co thé cho hé théng tai st dung dugc do dai CP
ngan (1/8CP). Hinh 3.11 minh hoa rd hon do dai t6i vu 1a 1/4CP va
1/8CP voi tirng gia tri E, /N, khac nhau.
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Hi¢u qua cua ky thuat xao tron madi dé xuat so véi ky thuat xao
tron cua LTE véi hé thong thong thuong da duoc chi ra trong muc 3.3.2.

Vé6i hé thong tai st dung CP, cac két qua md phong cho hai k¥ thuat xdo

tr@n néy du.o.c SO Sé.nh . LTE BICM-ID, Fade (Pedes B),ZF, BW = 3MHz,4Sym,16QAM
. . 10 T T T T T T T T T
——©-— M16a,LTEInter, w/o CP
3 Loq A N1 ——60—— M16a,LTEInter, 1/4 CP
trong Hlnh 3 1 2 VOI dQ dal . —¥— M16a,NewInter,w/o CP
10 —&— M16a,Newinter, 1/4 CP

chudi bit x40 tron 1a 2880

bit, trong duong 4 symbol " (=
OFDM. Theo két qua nay, .l \\\\\\

tai gia tri BER = 107 , \\\Q:\\

10 N

BER
"4
/’
/

v

AN

1 9 A . ? ~ 10-4* AN ™
(hinh nho), do loi cua ky BT G (]
-.-\\ \\ \\ \\ Y: 0.0003105
A ’ A 7 . 7 . N |
thudt xao tron moi so vOi 10° a7 18 19, 20

Il Il
0 2 4 6 8 10 12 14 16 18 20
Eb/No [dB]

b thudt xao tron cua LTE grnp 312: So sanh hiéu qua cia k thuat
khodang hon 1dB khi cung xao tron moé1 vo1 xao tron LTE trén kénh
pha-dinh da duong voi do dai xdo tron

¢ dung trén hé thong tdi
S AURG [ren e TIONE L5880 bit, bang thong 3MHz

s dung CP.,
3.5. Két luan chwong

Chuong 3 da dé xuit mot bd x4o tron méi dya trén ky thuat xao
tron khdi nham phu hop véi thiét ké hé théng thuc. Cac két qua mo
phong d3 chi ra chit luong b xdo tron khoi dé xuét twong duong véi bo
x40 tron gia ngau nhién va tdt hon bo x40 tron khédi cua hé théng Wif1 va
LTE. Cac két qua khao sat di chi ra cac tham s6 phu hop nhat khi dung
bo xao0 tron moi. Khi 4p dung bo xdo tron moi nay cho hé théng BICM-
ID OFDM ta1 str dung CP, hi€u qua cua hé théng cling dugc cai thién tbt

hon va tot hon nhiéu so vd1 bd x40 tron cua LTE.
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KET LUAN VA PINH HUONG NGHIEN CUU
Trén co sé hé thong BICM-ID, luan an nghién ctru su két hop gitta
so d6 BICM-ID va k¥ thuat truyén din OFDM. Viéc két hop nay cho
phép c6 thé sir dung lai CP dé cai thién chat lugng hé thong.

A./ Nhirng két qua chinh ciia luin an

1./ Bé xuat hé théng BICM-ID OFDM tai stt dung CP dé sir dung luong
thong tin c6 ich trong CP nham cai thién chét luong ciia hé théng.

2./ D& xuit mét ky thuat x4o tron mdi dua trén xdo tron khoi. B6 x40
tron nay co tinh kha thi cao do phu hop véi hé théng OFDM thuc té
hién nay dong thoi van phat huy hiéu qua ciia so d6 BICM-ID. Cac
két qua khao sat da chi ra cac tham s6 phu hop cho hé thong BICM-
ID OFDM va d6 dai CP sir dung lai phu hop nhat cho hé thong
BICM-ID OFDM tai st dung CP.

B./ Huéng nghién ctru tiép theo

Trén co s& nhitng két qua da dat dugc cua luan an, cac hudng phat
trién tiép theo ¢ thé x4c dinh nhu sau:

1./ Nghién ctru cac phuong an thuc hién giai ma 1ap nham cai thién chét
lwong ctia hé thong BICM-ID OFDM téi sitr dung CP hon nifa.

2./ Nghién ctru va khao sat hiéu qua cua hé théng BICM-ID OFDM tai
st dung CP trén cac mo6 hinh kénh khic nhu: nakagami-m, kénh pha-
dinh c6 hién tugng doppler, ....

3./ Tung budc trién khai tng dung cac két qua nghién ciru vao thyc té
(c6 thé két hop két qua ctia nhiéu nhém nghién ctru) dé gop phan cai

thién hiéu qua BICM-ID OFDM.
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