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LOI MO DAU

Thong tin di dong ngay nay da trd thanh mot nganh cong nghiép phat
trién vo cung nhanh chéng. Mic du cac hé thong thong tin di dong thé hé
3G hay 3.5G van dang phat trién khong ngimg nhung nhiing nha khai thac
vién thong trén thé gidi da tién hanh trién khai mot chuan di dong thé hé

moéi d6 12 hé dong thong tin di dong thé hé thu tur.

Xuét phat tir vin dé trén em da lya chon dé tai tot nghiép ctia minh
la: “Nghién ctru cong nghé LTE — Advanced trong thong tin di dong”. Muc
tiéu co ban ctia dd an 14 néu ra nhitng hoat déng co ban cta hé thong LTE-
Advanced, tim hiéu nhitng céng nghé méi, nhitng cai tién vé chat luong
dich vu dé dam bao dap ung dugc yéu cau ngay cang cao ciia ngudi ding

doi1 voi mang di dong.
D¢ tai ciia em bao gom 3 chuong :

« Chuong 1 : Hé thong thong tin di dong va cong nghé LTE —
Advanced.

* Chuong 2 : Cong ngh¢ LTE trong thong tin di dong.

* Chuong 3 : Cong ngh¢ LTE — Advanced trong thong tin di dong.

Tuy nhién do LTE — Advanced 1a cong ngh¢ con méi, dang dugc
hoan thién ciing nhu do gidi han vé kién thirc va thoi gian nén do an kho

tranh khoi thiéu s6t. Rat mong duoc su dong gop v kién cua thay co.



CHUONG I. HE THONG THONG TIN DI PONG VA

CONG NGHE LTE-ADVANCED

1.1. Co sé nghién ciru

X4 hoi dang ngay cang phat trién, diéu kién séng ciia con ngudi
dugc nang cao dan dén nhu cau trong viéc trao ddi dir lieu, st dung cac loai
dich vu cung nhu cu giai tri trén cac thiét bi di dong ngiy cang ting.
Trude cac nhu cau do, cac hé théng thong tin di dong thé hé dau khong dap
tmg d cac yéu cau can phuc vy, do d6 chuan cac hé thdng thong tin di

dong 3.5G, 3.9G, 4G da duoc nghién ctru, phat trién va ung dung.

Niam 2006, & Nhat Ban, hang vién thong NTT DoCoMo da trién khai
thanh cong va dua vao khai thac hé thong thong tin di dong 3.5G HSDPA.
Ngay 14 thang 12 nam 2009 dich vu LTE (3.9G) dau tién dugc hing
TeliaSonera khai truong & Oslo va Stockholm [7]. Véi cac thir nghiém dau
tién cua hé thong di dong 4G, né sé& cho toc do 5Gbps & mdi trudng trong
nha va téc d6 100Mbps & mdi trudng ngoai troi trén ddi twong chuyén
dong voi tbc do cao (250km/h). V61 sy bung nd vé toc do, hé théng 4G sé
dugc tng dung rong trai trén rat nhiéu linh vuc trong cudc séng nhu: dich

vu cham séc¢ strc khée, dich vu dat hang di dong, thuong mai di dong...

Hién nay, ¢ nudc ta dang ton tai dong thoi nhiéu thé hé cta hé thong
thong tin di dong (2G, 2.5G, 3G). Tuy viéc trién khai hé théng di dong 4G
van 1a van dé trong tuong lai, nhung trudc xu thé phat trién chung ciia cong
nghé vién thong dic biét 1a cong nghé thong tin di dong, thi viéc nghién

ctru, tim hiéu hé théng di dong 4G 1a cap thiét.



1.2. H@ thong thong tin di dong

Cho dén nay, hé thong thong tin di dong da trai qua nhiéu budc phat
trién quan trong. Tt hé thong thong tin di dong twong tu thé hé thir nhat
dén hé thong thong tin di dong s thé hé tht hai. Nhitng nam dau thé ky 21
hé thong thong tin di dong bang rong thé hé thir ba da va dang duoc trién
khai va tng dung rong ri phuc vu doi sdng con nguoi. Hé thong thong tin
di dong thé hé thir tu da duge cac hang vién thong lon nhu: lién minh vién
thong qudc té ITU (International Telecommunication Union) nghién ctru va
chuan hoa. Hién nay, hé thong thong tin di dong thé hé thw 4 da duoc dua
vao khai thac thuong mai tai mdt sb noi trén thé gi¢i. Dich vu chu yéu cua
hé thong thong tin di dong thé hé thtr nhét va thtr hai 1a thoai con dich vu
ctia thé hé thtr ba vé sau s& phat trién theo hudng dich vu dir liéu va da

phuong tién.

Céc hé thong thong tin di dong té bao s hién nay dang ¢ giai doan
thé thé thir hai cong (2.5G), thé hé thi ba (3G) va thé hé tht ba cong
(3.5G). Dé dap ung nhu cau ngay cang ting cua cac dich vu théng tin di
dong nén ngay tir ddu nhitng ndm 90 ngudi ta dd tién hanh nghién ctru hé
théng thong tin di dong thé hé thir ba. Lién minh vién théng qubc t& bd
phan v6 tuyén (ITU-R) di thuc hién tiéu chuan hoa cho hé thdng thong tin
di dong toan cadu IMT-2000. O chau Au, Vién tiéu chuin Vién Thong
Chau Au (ETSI) da thyuc hién tiéu chuan héa phién ban ctia hé thong nay
voi tén goi la UMTS (Universal Mobile Telecommunication System: Hé
thong vién thong di dong toan cau). Hé thdng nay 1am viéc & dai tin 2GHz
va cung cép nhiéu loai dich vu bao gém tir cac dich vu thoai, sb liéu tdc do
thép hién c6 dén céac dich vu sd liéu tée dd cao, video va truyén thanh. Tbc
do cuc dai cia nguoi st dung co thé 1én toi 2Mbps. Toc d6 cuc dai nay chi

co trong cac 0 pico trong nha, con céac dich vu véi toc dd 14,4Kbps s& duoc



dam bao cho thong tin di dong thong thuong & cac 6 macro. Nguoi ta cling
da nghién ctru cac hé théng thong tin di dong thé hé tha tu co téc do cho
ngudi st dung khoang 2Gbps. O hé thong di dong bang rong (MBS ) thi
cac song mang dugc st dung ¢ cac budc song mm, do rong bing tan 13

64MHz va du kién sé ting toc do cta nguoi st dung dén STM-1 [1].

Hién nay, & hau hét cac qudc gia trén thé gidi da trién khai hé thong
thong tin di dong 3G. Theo thong ké cua hai hing Informa Telecom &
Media va WCIS and 3G America, hién nay c6 181 hing ciing cip dich vu
trén 77 quéc gia da dua vao khai thac dich vy cac mang di dong thé hé thi
ba clia minh. Vi hé thong di dong 3.5G (HSDPA) thi c6 dén 135 héng
cung cap dich vu trén 63 qudc gia di cung cip cac dich vu cta hé thong di
dong 3.5G. Hé thong tién 4G (Pre-4G) la WiMax ciing di duogc trién khai
va dua vao khai thac dich vu & mot s6 thanh phé nhu London, NewYork

vao quy 2 nam 2007.

O nudc ta, cung v&i sy phat trién manh mé cua thong tin lién lac noéi
chung, nhitng nim gan ddy thong tin di dong ra doi nhu mot tit yéu khach
quan nham dap ung nhu cau trao ddi thong tin trong thoi ky doi moi caa
dat nude. Vao thoi ky ban dau, xuét hién mét sd mang thong tin di dong
nhu mang nhin tin ABC, mang nhén tin toan quéc...cé tinh chat thur
nghiém cho cong nghé thong tin di dong. Sau d6 ndm 1993, mang dién
thoai di dong MobiFone st dung k¥ thuat s6 GSM da dugc trién khai va
chinh thurc dua vao hoat dong véi cac thiét bi cua hang ALCATEL. Nam
1996 mang Vinaphone ra doi, dén nim 2003 mang S-Fone st dung cong
ngh¢ CDMA cua Saigon Postel di vao khai thac. Nam 2004 mang GSM
cua Viettel cling chinh thirc d1 vao hoat dong. Ngoai ra, EVN Telecom, Ha

No6i Telecom ciing di vao khai thac mang di dong thé hé tht ba.



1.3. Qua trinh phat trién ciia hé thong thong tin di dong

Khi mi trién khai, hé thong di dong 1G mdi chi cung cap cho ngudi
st dung dich vu thoai, nhung nhu clu vé truyén s6 liéu tang 1én doi héi cac
nha khai thdc mang phai ning cap rat nhiéu tinh ning mdi cho mang va
cung cap cac dich vu gia tri gia tang trén co s khai thiac mang hién c6. Tix
d6 cac nha khai thac da trién khai hé thong di dong 2G, 2.5G dé cung cap
dich vu truyén sb liéu tbc do cao hon. Cung voi Internet, Intranet da tr&
thanh mdt trong nhitng hoat dong kinh doanh ngay cang quan trong, mdt
trong s6 d6 1a xay dung cic cong sd vo tuyén dé két ndi cac can bo “di
doéng” véi xi nghiép hoic céng so ctia ho. Ngoai ra, tiém ning to 16n doi
v6i cac cong nghé méi 1a cung cép truc tiép tin tic va cac thong tin khac
cho céc thiét bi vo tuyén s& tao ra ngudn loi nhuin méi cho nha khai thac.
Do vay, dé dap ung dugc cac dich vu méi vé truyén thong may tinh va hinh
anh, ddng thoi dam bao tinh kinh té thi hé thong di dong thé hé thir hai da
timg budc chuyén doi sang hé théng thong tin di dong thé hé thir ba. Khi
ma nhu ciu vé cac dich vu da phuong tién chét luong cao tdng manh, ma
tbc d6 cua hé théng 3G hi¢n tai khong dap img duogc thi cac td chuc vién

thong trén thé giéi da nghién ctru va chuan hoa hé théng di dong 4G.
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Hinh 1.1 Qué trinh phat trién ctia thong tin di dong [1]



Qua trinh phat trién ctua hé thong thong tin di dong dwoc mé ta &
hinh 1.1, trong do:
+ TASC (Total Access Communication System): Hé thdng thong tin truy
nhap téng thé.

+ NMT900 (Nordic Mobile Telephone 900): Hé thong dién thoai Bic Au
bang tan 900MHz.

+ AMPS (Advanced Mobile Phone Service): Dich vu dién thoai di dong
tién tién.
+ SMR (Specialized Mobile Radio): V6 tuyén di dong chuyén dung.

+ GSM 900 (Global System for Mobile): Hé théng thong tin di dong toan
cau bang tan 900MHz.

+ GSM 1800: Hé thong GSM bing tan 1800 MHz.
+ GSM 1900: Hé thong GSM bang tan 1900 MHz.

+ IS-136 TDMA (Interim Standard- 136): Tiéu chuan thong tin di dong
TDMA cii tién do AT&T dé xuat.

+1S-95 CDMA: Tiéu chuan thong tin di dong CDMA cai tién ciua My.
+ GPRS (General Packet Radio System): Hé thong vo tuyén géi chung.

+ EDGE (Enhaned Data Rates for GSM Evolution): Nhiing toc do sé liéu
tang cudong dé phat trién GSM.

+ CDMA 2000 1x: Hé thong CDMA 2000 giai doan 1.
+ WCDMA (Wideband CDMA): Hé thong CDMA béng rong.
+ CDMA 2000 Mx: Hé thong CDMA 2000 giai doan 2 [2].

+ HSPA (High Speed Packet Access): Hé théng truy nhap goi téc do cao.
Hé thong HSPA duoc chia thanh 3 cong nghé sau:

- HSDPA (High Speed Downlink Packet Access): Hé théng truy
nhap goi duong xudng toc do cao.

- HSUPA (High Speed Uplink Packet Access): Hé thong truy nhap
g6i dudng 1én tdc do cao.



- HSODPA (High Speed OFDM Packet Access): Hé thong truy nhip
g6i OFDM tdc d6 cao.

+Pre-4G: Cac hé thong tién 4G gdbm WiMax va WiBro (Mobile Wimax).
+ WiMax: Wordwide Interoperabilily for Microwave Access.
+ WiBro: Wiless Broadband System: Hé thong bang rong khong day.

Tir qué trinh phat trién ciia hé théng thong tin di dong tir khi ra doi

dén nay tao c6 thé tong két cac thé hé thong tin di dong qua bang sau:

Bdng 1.1. Tong két cac thé hé thong tin di dong.

T;Ii's ';f‘;gﬁ';g Hé théng | Dich vu chung Chii thich
The hé 1 (1G) ?ifizps%m-n Thoai FDMA, tuong ty
Chu véu cho
£he 2 (2G) GSM, IS-136, | thoai k&t ho-p Vol TDMA( hoac CDMA, céng
T [ 18-85 dichvuban tin | nghé =8, bang hep (8-13 kbps)
ngan
Chi yeu vn la | 1OMA (k& hop nhicu khe
GPRS, thoai. dich vu s5 | 101 glan hodc tn s6) hodc
€ he 2+ ' oo e | CDMA, st dung pho chéng
2.5G) EDGE, lieu 61 toc d6 |10 Ths tin cha he thong 2G
- cdma?000 1x | thdp v& trung | . PO, T s ]
binh ting cudng truyen s6 liéu géi.
Tdc do t6i da dat 144kbps.
CDMA, CDMA/ TDMA., bang
cdma2000 1x | Truyén dan | réng. riéng cdma?000 1x EV
The he 3 (3G) EV DO/DV, |thoai va dich vu | sit dung phé chéng 1én phé
"7 | edma2000, 6 liéu  da | cha hé théng 2G. Toc d6 t8i da
WCDMA phucng tién duong xuéng 2Mbps, dudng
1&n 384kbps.
Phat trién tir 3G, CDMA/HS-
DSCH.
HSDPA Tich hgp thoai, | HSPDA cho tdc do t6i da
€ he 3+ HSUP‘JL dich vu sd liéu | dubng xudng  14.4Mbps,
(3.5G) HSDP‘% va da phuong | HSUPA 6 t6c do dwong lén
: tién tdc do cao. |61 da 5. TMbps, HSOPA cho
t6c d6 Downlink/Uplink 51 da
1a 200Mbps/100Mbps.
OFMA, MC/DS-CDMA, tdc
Truyén din | d6 t6i da ¢ méi trudng trong
£he 4 (4G) | 4G thoai, s& %i‘ﬁ':.ll, dra 11_11% la SGbP:s, l'E}[I]h{st mol
phuong tién téc | truong ngoai tréi tén ddéi
dé cuc cao. twong chuyén déng nhanh
(250km/h).




1.4.  Hé thong thong tin di dong 4G va cong nghé LTE-Advanced.
1.4.1. Hé thong thong tin di dong 4G.

Hé thong thong tin di déng 4G da duoc dua vao khai thac va st dung
tai mot s6 qudc gia phat trién trén thé gidi tir nam 2012. Voi su dot pha vé
dung luong, hé thdng di dong 4G cung cip nhitng dich vu phuc vu siu hon
vao doi sdng sinh hoat thudng nhat, cong viée ciing nhu ¢6 su tac dong 1on
dén 16i séng cua chung ta trong twong lai gan. Cu thé trong cac khia canh

ctia cudc séng dugce trinh bay dudi day
- Trong gido duc, nghé thuat, khoa hoc

Nho ¢6 su vu viét cua hé théng 4G, sy tién tién cua thiét bi dau cudi,
hoc sinh, sinh vién, cac nha nghién ctru khoa hoc c6 thé trao d6i thong tin,
hinh anh can thiét cho viéc hoc tip nghién ctru ma khong ¢ rao can nao vé
mit khoang cach cling nhu ngén ngir. Thiét bj dau cudi di dong cia hé
thong 4G (dién thoai , dong ho deo tay...) co tich hop camera c6 chirc ning
thong dich ngdn ngit tw dong gitp trao d6i théng tin truc tiép .

- Giai tri

H¢ théng di dong 4G cho phép st dung hé¢ théng tro choi, am nhac,
video va cac ndi dung lién quan. Nhimg trd choi hinh anh c6 thé dugc truy
nhap & bat ¢ noi ndo v4i nhimg ndi dung cuc ky phong phi da dang.

- Truyén thong hinh anh

Hé théng di dong 4G ciing duoc ing dyung trong viéc trao doi thong
tin gitra cac diém cach xa nhau. Mot doan phim ctia mdt su kién thé thao c6
thé duoc gui boi mot may quay gin trén mot may thu phéat cam tay va duoc

guri tire thoi dén bat cir dau du trong hay ngoai nudec.



- Thuong mai di dong

Hé thdng di dong 4G dugc ung dung trong trao ddi va thoa thuin
mua ban hang hoa. Chi bang thiét bi di dong cam tay ngudi st dung c6 thé
thu duoc cic cac thong tin vé san pham, dit hang, thanh toan bang tai

khoan thong qua thiét bi di dong.
- Cudc sdng thuong nhat

Cong nghé xac thuc ca nhén tién tién cho phép ngudi st dung mua
nhitng hang hoa dat tién mot cach an toan va thanh todn bang tai khoan
thong qua mang di dong. Dir liéu duogc tai tir cac thiét bi di dong co thé sir
dung nhu 1a cac thé thanh toan, thé ra vao, thé thanh vién. Cac dich vu di
déng ciing dugc sir dung trong cudc séng nhu: tai cic chuong trinh tivi trén
cac may chu dat tai gia dinh 1én thiét bi di dong va xem chung khi di ra

ngoai hoac st dung thi€t bi cam tay di dong dé di€u khién robot tir xa.
- Y t€ va cham soc suc khde

Nhitng dir liéu vé strc khoe c6 thé ty dong guri dén bénh vién theo
thoi gian thuc tir cac thiét bi mang trén ngudi ciia bénh nhan, nho dé cac
bac si ¢ thé thuc hién viée kiém tra sic khoe hodc xur 1y tirc thi céac tinh

trang khan cip.
- Diéu trj trong céc tinh trang khan cap

Phuong tién truyén thong di dong duoc st dung cho cip ctru khan
cap ngay sau khi tai nan giao thong xay ra. Vi tri ctia vu tai nan s& duogc
thong bao tu dong br:ing cach sir dung thong tin dinh vi, khi d6 bac si tai
trung tdm y té dua ra cac chi dan so ctru cho bénh nhan thong qua viéc
quan sat bénh nhan trén man hinh. Céac dit liéu y té ciing dugc truyén ngay

1ap tire t61 cac xe ctiru thuong hodc bénh vién thong qua mang di dong.



10

- Ung dung trong tham hoa thién tai

Hé thong thong tin di dong dong vai tro 1a thiét bi thong tin quan
trong trong trudng hop xay ra tham hoa thién tai, cho phép truyén di hinh
anh thuc trang ctia cac khu vuc xay ra tham hoa. Do do tai nhitng noi tham
hoa khong xay ra tat ca cac lanh dao chinh phu, phwong tién truyén thong
dai chung va nguoi dan néi chung cé thé chia sé thong tin [3].

1.4.2. Cac dich vu hé thong di déng 4G cung cip
- Dich vu cung cdp théng tin y té

ngrdi bénh trung tam luw trix

hi dich vu {thanh toan tir bao higm o %
User B R I'I naid f o 3 ! dif lieu yté
Service charge (paid from insurance) >
> 47
,L..'n.'cu'p-.'rw:u:i Il]f.'l.}jn.".]] data
truy nhap di¥ lidu y t& & nhan =

Medical data

Send personal medical dara Storage center

gl di¥ 1i8u y t& ca nhan - T——

= LY A dir lieu y t8 ca nhan
Personal medical data

i
v

I&i khuyén/théng tin/phan tich tinh
trang si'c khoe -
Adviceinformatonhealth analysis = .
i g bénh vién/
Introducyon to doctors, provision of . ki his

hu'éng dan tir bac 57, cung cap thudc
adequate medicine

thich hao'p

Hospital/drug store

Hinh 1.2. Dich vu thong tin y té [4]

Dich vu cung cip thong tin y té s& cung cip cho khach hang nhiing
thong tin chinh xac va day da vé tinh trang sirc khoe. Khach hang s& nhan
duoc chi din, don thudc cua bac si khi co sy thay doi vé tinh trang sirc
khoe tir trung tAm chim séc y té trén thiét bi di dong cua minh. Pong thoi
khach hang cé thé truy nhap thong tin vé sirc khoe ciia minh trén thiét bi di
dong [4]. Tham chi trong dich vu nay voi cong nghé diéu tri gen tién tién,
khach hang c6 thé tai nhitng théng tin vé gen cua ho ngay lap tic dé co

nhiing bién phap diéu tri thich hop.
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- Dich vu cung cdp ngi dung tién tién

Nguoi dung c6 thé dung 101 thoai dé tim kiém (tir khoa khong nhat
thiét phai chinh xéac) va lya chon video yéu thich trén thiét bi di dong dau
cubi & bat cir dau, bat ctr noi nao. Néu nguoi ding mudn xem phim ¢ rap
chiéu phim thi c6 thé dit truéc hodc mua vé dién tir. Nhitng video ciling c6
thé duoc trinh chiéu trén tau thim chi trén mot thiét bi kinh deo mét c6 kha

nang hién thi hinh anh.

Mlovie distrabiitor

p lheater
Movies on show

Congesin0n Spane

User

Movie delivery

User reqoest

Puschase data Seal pEesrTRton

3 Varnous mosie distmbutofs s
* Miovie info. seargh Service provider Ruptits hoders

L

L -

[ e —

. capmice.,
E— ._*. antent b
>
Ambipuoin search 4 - - -
ea ¢ - "
A User request Server thvery log
W Vimoe

> _—

Techoel prircliase Member [ —

C ontent

Server
i g, S
Coptent streaming deliery *
jComvenaence store, stahons., ofc
Peeal medin content disinbution

|:l_'n' commpact |II'._:]1v|‘|.D|Ih11f~' dise MESmory car Hs, ete.

Hinh 1.3. Hé théng cung cap ndi dung tién tién [4]

Trong do :
+ Movie dilivery: phan phat phim.
+ Movie info. seach: tim kiém thong tin phim.
+ Ambigous seach by voice: tim kiém théng tin phim bang 15i néi.
+ Ticket Purchase: thé dich vu.
+ Content streaming delivery: cung cp ludng noi dung.
+ Movie distributor: nha cung cip phim .

+ Real media content distribution by compact high-density dise memory
card : phan phéi ndi dung bang thé nh¢d dia nén mat do cao.
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+ Content server: may chu nd1 dung

+ Service provicer: nha cung cap dich vu.
+ Speed analysis: khdi phan tich thoai.

+ Search server: may chu tim kiém.

+ Member DB: co s& dir 1iéu thanh vién.

- H¢ thong dinh vi

r . |
Fight halder
1l

¢ 1 I-‘\-L't . ., L T
! Monthly char q L
...I Service Provider |""-
]
Dieliver optunal ] i IV beoadcaster. e
]

depending on e
soncdition, taste of

Content provide —
content charge renty -

<

s Locnlion mlo H
By p vContent delivery!
Velicle info H i

wser, velucle location |} BETVE

1

1

1 Ad charge
| — "

] Distribilor, i cscssss=

B2

4 i
Comenl Hahs el d
Y ~|4':|u|
Erlemaisnperd

B T e |

i

|

i L inl

i Lol mlo

| HE |

i Emergency mfo i

i . i

I sshoppang mfo. | Dept. store, supermarket, ofc
Ll .

: Legistics info 1 Coupon 1

: - Shopping info e e v essessssssssssssesas

i

|

Hinh 1.4. Hé théng dinh vi

Trong d6 :

+ Monthly: phi dich vu hang thang.

+ Location info: thong tin vi tri.

+ Vehicle info: thong tin xe 0.

+ Entertainment: giai tri

+ Emergency info: thong tin khan cap.

+ Logistics info: thong tin hau can.

+ Right hold: ngudi gitt ban quyén

+ Content charge: phi ndi dung.

Ngudi ding c6 thé truy nhap cac dich vu thong tin tir bén trong mot
chiéc xe dang chuyén dong. Nhitng thong tin ndy sé& dugc cung cap mot
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cach hop 1y phu thudc vao thoi gian dia diém va tinh chat ngudi str dung.
Bao gém:

+ Dich vu thong tin dinh vi: dinh vi, chi dan tuyén duong, thong tin giao
thong. ..

+ Dich vu thong tin xe cd: thong tin xe, thong tin diéu chinh dong co...
+ Dich vu giai tri: radio, chwong trinh truyén hinh. ..
+ Dich vu diéu khién: diéu khién xe trong truong hop thién tai.
+ Dich vu khén cép: tai nan, 6m dau bat ngo...
- Dich vu dat hang di dong

Provider

Produet delivery

[nquiry Deelivery chagee
Purchinse applcation Manufacturer P [ransporter
e Prothict delivery requdst
Service roduct charge, postal fe
Usen o Ad cot 4
L B Diehivery charge
Product info|  provider “ ........ b
.'..':‘a.l...lu.l.u..u'_ Seller
Ads —P EE—
Application nafo Produci delivery reduest
........ e I —
' Produet /deli®ry clarge
PoductDelivery chiprge >
{ Clonmassion —l’—v— . Product delivery request
Server utilization fee
Platform provider

a0 d

Hinh 1.5. Hé théng dat hang di dong [4]
Trong do:
+ Inquiry purchase application: yéu cau mua tmg dung.
+ Product info/Ads: thong tin san phadm/quang cio
+ Product/delivery charge: phi san xuat/phan phoi.
+ Commission: hoa hong.
+ Application info: thong tin rng dung.
+ Product info: théng tin san pham.

+ Platform provider: nha cung cip nén tang.
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+ Ad cost: chi phi quang céo.

+ Server utilization fee: phi sir dung server.

+ Manufacturer: nha san xuat.

Dich vu dit hang di dong cho phép dit mua cac san pham hay thu

thap thong tin vé san pham mot cach dé dang nho thiét bi dau cudi thong

qua tap chi, sach bdo... hay cac hinh anh.

Thong tin li€én quan t&i san phrflm do (video, dac tinh k¥ thuat) s€ duoc

te dong giri té1 mot thiét bi dau cudi di dong tu trung tdm san phém, va

duoc hién thi dudi dang hinh anh ba chiéu (3D). Nguoi st dung c6 thé dat

hang san pham ngay lap tirc, viée thanh toan bang tai khoan duoc thuc hién

qua thiét bi dau cudi di dong cta ho. Viéc st dung chimg thuc bang vong

mac gitp cho viéc dit mua san pham c6 gia tri tré nén don gidn an toan.

-
2 r A
- Quan ly thuc pham
.
Supermarket, convenlence store
Usig SEvicw provider shigiing araale gl
Produel i,
Order placenment
I] e Order placement
L T
— Purchinse L
memibsershe Product charges
" DB
= Commnission
Product delivery Subscription fee
Service registmtion
,\Irl|||-.¢5'_,;r~l||l|| enby fee L O0umssiogn
I Food purchase chargd
E Bervice remster/entry feg
Ll
Billing for purchase Platform
Provider
Payment e
L

Trong d6 :

Hinh 1.6. Hé théng quan 1y thuc pham [4]

+ Service register/enry fee: phi dang ky dich vu.

+ Food purchase charge: phi mua thyc pham.

+ Billing for purchase: hoa don ban hang.

+ Payment: thanh toan.
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+ User membership DS: co s& dit li¢u thanh vién.
+ Order placement: sip xép dat hang.

Dich vu hd trg cho ngudi st dung c6 thé truy nhap t6i ta lanh cta gia
dinh bang thiét bi dau cudi di dong tir bén ngoai, dé thdy thuc pham nao hét
thie pham nao van con. Nho hinh anh hién thi ngudi dung c6 thé biét duogc
han str dung ctia thyc pham. Nguoi sir dung ciing ¢6 thé tim duoc cic cong
thtrc ctia thuc don ho s& niu str dung cac thuc phém c6 san trong ti lanh,
thuc phém nao thiéu s& duoc hién ra trén man hinh va néu dat hang ching
s& dugc giri vé nha .

- Dich vu bao hiém rai ro

Khi mét ai d6 bi ket trong dong do nat trong mot tran dong dat quy
mo 16m, kha niang ctia mang dién thoai di dong co6 thé cung cip chinh xac
thong tin nhu vi tri cua ngudi do - thiét bi dau cudi ludn duoc két nbi

internet trr khi n6 bi héng va luén san sang hoat dong giai ctru mot cach

r
nhanh chéng.
Rescue, puranedics SCIVICE prov 1der Disaster Site (user)
'1T\ph-. Tokticilc Deuignate wanied area ': . ™
urment bpcatyon e pen nxpul 'l* i o !

I|.|.|| LI RO

_ | ——— wathan srea i
ccmmmmeedy |
search +
_.' —T—P Locatsom ol

Pex a] sl g amE Tip iy
L PP
l.‘lh.h i
nl,“\. il - #

womal sl

3?

Y " indicasnd in blinks “"'_, '
Fanuly Bopiac fanly —— ! Lhuantes souarancr preasum .
! % Wil kel fo i

| [REer e —

—
Q'I.mpun;l
o Ohtain mendacal rece

Molilves locatyon by
fraum home dociod ring tone
usang pervennl sl i / 1
]

Hinh 1.7. Hé théng bao hiém rui ro [4]



16

Trong do :
+ Rescue, pramedics: ctru ho, citu h) y té.
+ Disaster site (user): khu vuc xay ra thién tai.
+ Displays curent location and destination: hién thi vi tri hién tai.

+ Designate wanted area thru pen input: chi dinh ving can kiém soat
bang bat cam tng.

+ Terminal location is indicated in blinks: vi tri thiét bj dau cudi
duoc chi ra tirc thoi.

+ Contact family using personal info: lién lac v&i gia dinh nho thong
tin ca nhan.

+ Obtain medical record from home doctor using personal info: c6
dugc béo cao y té tir bac si nho thong tin ca nhan.

+ Disaster insurance premium: phi bao hiém thién tai.
+ Notifies location by ring tone : thong béo vi tri bang nhac chuéng.

Dich vu hanh chinh quén ly di dong .

Seal vmgresssod cemmficate
- i == -
Llses lf'h‘-,-:\ af fnuly regiaer Service prosader (Gov. offices) F ]
T i

T mx pavimen

Vi

ng Levemues & | Yoy selileme H
.\I_||-I|. aniai for bewefits - expersditug esl |
—_— H !

i i |

- ]

Muibentication suance S i v ,

-

'
i
|
|
i
i
I (]
| i
| L]
i i
| i
| ]
. : :
| ] i
! I Brovision of verming T —
' i H
| | r— Barth reporn, apply fior
I = or partial subsidy : : ¥ b
i i L] . | marermary healeh recosd ol
| |y-—" Electum :
i i :
: : Anramsans delivery i 0
i 1 of related mfe : I
: : muesrs 090909 0 lmcssssssssrscccssmp s 1
] - {urhenneans
| H .‘—. Money flow
| 1
| i <
1 ] Servace flow
Y i
o T ——

Hinh 1.8. Hé théng quan 1y di dong [4]
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Khach hang co thé truy nhap thong tin va nhan dugc nhiéu dich vu
hanh chinh khac nhau tir chinh quyén qudc gia/dia phuong trén mot thiét bi

dau cudi di dong tai nha hodc tai cong so.

 Ung dung cho cac tai liéu/van bang khac nhau.
o Tra thué, dua ra thué thu nhap.

e Phat hanh sach cham soc stc khoe cho san phu, dua ra bao cao vé
sinh san, tng dung cho ki€m tra suc khoe cua tré, va cac dich vu suc
khoe khac.

Bo phiéu bau ctr.
1.4.3. Cong nghé LTE — Advanced

LTE-Advanced (Long Term Evolution—Advanced) 1a mét chuin
truyén thong di dong, chinh thirc tré thanh mot tng cr vién cho hé thong
thong tin di dong 4G vao cudi nam 2009, d3 duoc phé duyét béi ITU va
duoc hoan thanh béi 3GPP (dy an dbi tac thé hé thtr ba) va thang 3 nim
2011. Thyc sy 1a mot cong nghé truyén thong di dong 4G, LTE-Advenced
c6 day du cac dic diém tinh nang cling nhu tng dung cua hé théng di dong

4G da néu trén.

LTE — Advanced, nhu tén goi ctia né, thuc chét chi 1a ban ning cip
ciia LTE nhdm huéng dén thoa man cac yéu cau cta IMT — Advanced.
Viéc nang cip nay duoc thé hién & chd cac cong nghé di duoc sur dung
trong LTE thi van st dung trong LTE thi van duoc st dung trong LTE —
Advaned (OFDMA, SC — FDMA, MIMO, AMC, Hybrid ARQ...). Tuy
nhién c6 mot sé cai tién dé phat huy t6i da hiéu qua cta chung nhu: MIMO
taing cuong, véi cau hinh cao hon (8x8 MIMO)... Pong thoi LTE —
Advanced con (mg dung thém nhiéu ky thuat méi dé nang cao dic tinh cia

hé théng nhu :

1. Carrier Aggregation (tong hop song mang)
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Multi — antenna Enhancements (da ang — ten cai tién)
Relays (tram chuyén tiép)

Heterogeneous Network (mang khong dong nhét)

A

Coordinated Multipoint — CoMp (phdi hop da diém)

Bang viéc ap dung nhiéu giai phap k¥ thuat cong nghé méi nhu trén,
LTE — Advaned c6 cic dic tinh cao hon han so véi LTE vé nhiéu mit (toc
d6, bang théng, hiéu suit str dung phd, d6 tré xi 1y...) [0]. Bang so sanh sé&

cho ta thay diéu nay:

Bang 1.2. Bang so sanh LTE v&i LTE — Advanced [6]

Bac tinh LTE LTE- Advanced
Toc dé s6 lidu Downlink 326 Mbps 1 Gbps
dinh Uplink 86 Mbps 500 Mbps
Bang thong = 20 MHz = 100 MHz
Hiéu suat i dung | Downlink 16.3 (4xd MIMO) 30 (8x8 MIMO)
phé tan(bsHz) | Uplink 132 (SISO) 15 (4x4 MIMO)
Dé tré ~ 10 ms ~ 5 ms
. Downlink 4x4 MIMO 8x8 MIMO
Cau hinh MIMO :
Uplink 2x4 MIMO 4x4 MIMO

1.5. Kétluin chwong 1

Cho dén nay hé théng thong tin di dong da tro thanh mot phan khong
thé thiéu dbi véi mdi ngudi trén khip thé gidi, né duoc ung dung trén moi
mit ctia cudc séng. Tuy nhién hé thong thong tin di dong hién tai van chua
dap tmg mot cach toan dién nhu cau cua con ngudi. Dé tién tdi cac Gng
dung va dich vu tuong ddi dﬁy du nhu da néu trén, hé théng thong tin di
dong thé hé thir tu da phai chudn bi nhitng gi, chiing ta cung tim hiéu vé

nghé LTE, cong nghé tién cong 4G.
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CHUONG II. CONG NGHE LTE

2.1. Tong quan vé cong nghé LTE
2.1.1. Gi6i thiéu vé cong nghé LTE

LTE (Long Term Evolution) 1a mot chudn truyén thong di dong do
3GPP phat trién tir chuan UMTS. UMST thé hé tht ba duwa trén WCDMA
da duoc trién khai trén toan thé gidi. Pé dam béo tinh canh tranh cho hé
thdng nay trong tuong lai, thang 11/2004 3GPP da bat dau dy an nham xac
dinh budc phat trién vé 1au dai cho cong nghé di dong UMTS véi tén goi
Long Term Evolution (LTE). 3GPP dit ra yéu cau cao cho LTE bao gom
giam chi phi cho mdi bit thong tin, cung cip dich vu tét hon, sir dung linh
hoat cic bang tan hién c6 va bang tan méi, don gian hoa kién triic mang véi
cac giao tiép mo va giam dang ké ning lugng tiéu thu & thiét bi dau cudi.

Muc ti€u cua LTE lac do 1a [3]:

Téc d6 dinh tirc thoi véi bang thong 20MHz:
Tai xubng: 100Mbps; Tai 1én: 50Mbps

- Dung lugng di lidu truyén tai trung binh cia mot nguoi ding

trén 1MHz so véi mang HSDPA Rel.6:
Tai xudng: gap 3 dén 4 1an; Tai 1én: gip 2 dén 3 lan.

- Hoat dong t6i wu voi toc do di chuyén cua thué bao 13 0-
15km/h. Van duy tri hoat dong khi thué bao di chuyén véi toc
d6 tir 120-350 k;m/h (tham chi 500km/h tiy bang tan).

- Céc chi tiéu trén phai dam bdo trong ban kinh vung phu tréng
5km, giam chut it trong pham vi d&én 30km. Ttr 30-100km thi
khong han ché.
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- Do dai bang thong linh hoat: co thé hoat dong v&i cac bang
1.25MHz, 1.6MHz, 2.5MHz, 5MHz, 10MHz, 15MHz,
20MHz ca chiéu 1én va xudng.

Pé dat dugc muc tiéu ndy, s& c6 rat nhiéu ki thuat méi duge ap dung
trong d6 nodi bat 1a k¥ thuat vo tuyén OFDMA, k¥ thuat anten MIMO.
Ngoai ra hé thong nay sé& chay hoan toan trén nén IP (all-IPnetwork), va hd

tro ca 2 ché do FDD va TDD.

GERAN

SGEN

: ' GPRS Core
S iy

UTRAN
Evobeed
RBA
IF Services
(IM5, PS5, ...)

Trusted non 3GPP IP
3GPP IP Access Access

Hinh 2.1- Kién tric cia mang LTE.
2.1.2. Tiém ning cong nghé

Yéu cau duoc dit ra viée dat toc do gitr liéu dinh cho dudng xuéng la
100Mbps va duong 1én 1a 50Mbps, khi hoat dong trong phan bd phd
20MHz. Khi ma phan bd pho hep hon thi téc do dir liéu dinh ciing sé& ti 1
theo. Do d6, diéu kién dit ra 1a c6 thé biéu dién dugc 5 bit/s/Hz cho dudng
xudng va 2.5 bit/s/Hz cho dudng 1én. Nhu da noi & trén LTE hd trg ca ché

d6 FDD va TDD, xét trudng hop TDD do truyén dan duong 1én va duong
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xubng khong xuat hién dong thoi nén yéu cau toc do dir liéu dinh ciing
khong thé trung nhau ddéng thoi. Poi voi truong hop FDD, dic tinh cia
LTE cho phép qua trinh phét va thu dong thoi dat duge toc do dir liéu dinh
theo phan 1y thuyét ¢ trén.

2.1.3. Hi¢u suat hé thong

Yéu cau luu luong nguot1 dung dugc dinh 1o theo hai diém: tai su
phan bd ngudi ding trung binh va tai sy phan b ngudi ding phan vi tha
nam (khi ma 95% nguoi ding c6 duoc chit luong tét hon). Muc tiéu hiéu
suét phé cling dugc chi rd, va trong thude tinh nay thi hi¢u suét phé duoc
dinh nghia 1a luu luong hé thong theo té bao tinh theo bit/s/MHz/cell.
Nhitng muc tiéu thiét ké nay duoc tong hop trong bang [5]:

Bdng 2.1- Céac yéu cau vé hiéu suat pho va luu luong nguoi dung

Phuong phap do hiu
suat

Muyc tiéu duong xudng
S0 vOi co ban

Muc ti€u duong 1én so
v&i co ban

Luu luong nguoi dung
trung binh (trén 1MHz)

3 14n — 4 lan

2 1an — 3 lan

Luu luong nguoi dung

21an — 3 lan

21an -3 lan

tai bién té bao (trén

IMHz phén vi thtt 5)
Hi¢u sut phd | 3 1an — 4 lan 2 lan — 3 lan
bit/s/Hz/cell

Yéu cau vé do linh dong chu yéu tap trung vao toc d6 di chuyén cua
cac thiét bi dau cudi di dong. Tai téc do thap, 0 — 15 km/h thi hiéu suat dat
duoc 1 tdi da, va cho phép giam di mot it voi tdc do cao hon. Toc do tbi da
c6 thé quan 1y d6i voi mot hé théng LTE co thé thiét 1ap 1én dén 350 km/h
(tham chi 1én dén 500km/h tlly vao bang tan).

Yéu cau v€ vung phu song tap trung chua yéu vao pham vi t€ bao,

nghia 13 khoang cach tbi da tir viing té bao (cell site ) dén thiét bi dau cudi
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di dong trong cell. D6i voi pham vi té bao 1én dén Skm thi nhiing yéu cau
vé luu luong ngudi dung, hiéu suét phé) va d6 linh dong van dugc dam bao
trong giéi han khong bi anh huéng boi nhiu. Pbi v6i nhimg té bao co
pham vi 1én dén 30km luu luong ngudi dung xuat hién su giam nhe, hiéu
suat pho giam mot cach dang ké nhung van c6 thé chap nhan, yéu cau vé

do di dong van dugc dap tng.

Nhitng yéu ciu MBMS nang cao xac dinh ca hai ché do: broadcast
(quang ba) va unicast. Yéu ciu ddi v6i truong hop broadcast 1a hiéu suat
phé 1bit/s/Hz, twong ung voi khoang 16 kénh TV di dong bang cach st
dung khoang 300kbit/s trong mdi phan bd phod tin SMHz. Hon nita, né cé
thé cung cép dich vu MBMS v61 chi mot dich vu trén mot sobng mang, cling

nhu két hop véi cac dich vu non- MBMS khéc.
2.1.4. Quan ly tai nguyén vo tuyén

Nhitng y€u cau vé quan 1y tai nguyén vo tuyén dugc chia ra nhu sau:
hd trg nang cao cho QoS end to end, hd tro hiéu qua cho truyén dan & 16p
cao hon, va hd trg cho viéc chia sé tai nguyén ciing nhu quan 1y chinh sach

thong qua cac cong nghé truy nhap vo tuyén khac nhau.

Viéc hd tro nang cao cho QoS end to end yéu cau cai thién su thich

ung gitra dich vu, g dung va cac diéu ki¢n vé giao thuec.

Viéc hd trg hiéu qua cho truyén dan ¢ 16p cao hon doi hoi LTE phai
c6 kha ning cung cip co cAu dé hd tro truyén dan hiéu suit cao va hoat
dong cua cac giao thirc & 16p cao hon qua giao tiép vo tuyén.

Viéc hd tro chia sé tai nguyén va quan 1y chinh sach théng qua cac
cong nghé truy nhap vo tuyén khac nhau doi hoi phai xem xét dén viée lya

chon lai cac co cau dé dinh hudng céc thi€t b1 dau cudi theo cac dang cong



nghé truy nhap v6 tuyén thich hop ciing nhu hd trg QoS end to end trong
qua trinh chuyén giao giita cac cong nghé truy nhap vo tuyén.
2.2. Kién tric mang LTE

Nhiéu cac muyc tiéu ngu ¥ rang mot kién trac phang 1a can thiét, kién
trac phéng v6i it nat tham gia s& 1am gidm do tré va cai thién hiéu suat. Bat
dau tir phién ban 7, 3GPP di phét trién ¥ twong duong ham truc tiép cho
phép mit phang ngudi ding bo qua SGSN [5].

Phién ban 6 Phién ban 7 s thfl ban 7 y Phién ban 8
Duwong ham womg ham triec tiep SAE & ITE
h'trtgriép & RNC trong eNB "

SAE GW

GGSN | GGSN GGSN

jﬁr;: SGSN

By

RNC
::I: RNC
NodeB NodeB eNodeB
________ mit phang diéu khién

mit phang nguoi dung
Hinh 2.2 Phat trién kién trac 3GPP hudng t6i kién trac phiang hon

Kién trac mang LTE duoc thiét ké voi muc tiéu hd tro luu luong
chuyén mach goi véi tinh di dong linh hoat, chat luong dich vu (QoS) va
d6 tré toi thiéu. Mot phuong phap chuyén mach goi cho phép hd tro tit ca
cac dich vu bao gom ca thoai thong qua cac két ndi goi. Két qua 1a trong
mot kién trac phang hon, rat don gian chi voi 2 loai nat cy thé 1 nit B phét
trién (eNB) va phan tir quan 1y di dong/cong (MME/GW). Piéu nay hoan

todn trai nguoc voi nhi€u nit mang trong ki€n tric mang phan cap hién
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hanh cta hé thong 3G. Mot thay d6i 16n nita 1a phan diéu khién mang vo
tuyén (RNC) duoc loai bo khoi duong dit lidu va chirc niang cua nd hién
nay dugc thanh 1ap & eNB. M{t s6 ich loi cia mot nht duy nhat trong mang
truy nhap 13 giam d6 tré va phan phdi cta viéc xu 1y tai RNC vao nhiéu
eNB. Viéc loai bo RNC ra khoi mang truy nhap cé thé mot phﬁn do hé
thong LTE khong hd tro chuyén giao mém.

2.3. Truy nhép vo tuyén trong LTE
2.3.1. Cac ché d9 truy nhip vo tuyén

Giao dién khong gian LTE hd trg ca hai ché do 1a song cong phan
chia theo tan s6 (FDD) va song cong phén chia theo thoi gian (TDD), mdi
ché d6 c6 mot cdu tric khung riéng. Ché d6 ban song cong FDD cho phép
chia sé phan cing giita duong 1én va duong xudng vi duong 1én va duong
xubng khong bao gio sir dung dong thoi. K§ thuat nay duge s dung trong
mot s6 dai tan va cling cho phép tiét kiém chi phi trong khi giam mot nira

kha ndng truyén dit lidu.

Giao dién khong gian LTE ciing hd tro phat da phuong tién va cac
dich vu phat quang ba da diém (MBMS). Mot cong nghé tuong dbi méi
cho noi dung phat song nhu truyén hinh k¥ thuat sé téi UE bang cach su
dung cac két ndi diém-da diém. Cac thong sb ky thuat 3GPP cho MBMS
dau tién duoc xuat hién trong UMTS phién ban 6. LTE xé4c dinh 1a mot cap
cao hon dich vu eMBMS, ma né s€ hoat dong qua mot mang don tan sb
phat quang ba/da diém (MBSFN), bang cach st dung mot dang song dong
bo thoi gian chung ma c6 thé truyén t6i da 6 trong mot khoang thoi gian
nhat dinh. MBSFN cho phép két hop qua vo tuyén cta truyén da 6 toi UE,
st dung tién to vong (CP) dé bao vé cac su sai khac do tré khi truyén tai, dé
cac UE truyén tai nhu 1a tir mot té bao 16n duy nhat. Cong nghé nay giup

cho LTE c6 hiéu suat cao cho truyén tai MBMS.
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2.3.2. Bing tin truyén din

LTE phai hd tro thi truong khéng diy quéc té, cac quy dinh vé phd
tan trong khu vyuc va phd tan sin co. Dé dat dugc diéu nay cac thong s ki
thuat bao gébm bing théng kénh bién ddi co6 thé lya chon tir 1,4 téi 20MHz.
Vi khoang cach gifta cac song mang con 1a 15kHz. Néu eMBMS moi
duoc sir dung, ciing c6 thé khoang cach gitta cac séng mang con 1a 7,5kHz.
Khoang cach giita cac song mang con 1a mot hang s6 va né khong phu
thudc vao bang thong cua kénh. 3GPP di xé4c dinh giao dién vo tuyén cia
LTE 13 bang théng khong thé biét, nd cho phép giao dién vo tuyén thich
g voi bang thong kénh khac nhau véi anh huong nho nhét vao hoat dong

ctia hé thong.

Gi4 tri nho nhat cua tai nguyén co thé duoc phan bd ¢ duong 1én va
duong xudng duoc goi 1a mot khéi tai nguyén (RB). Mot RB c6 do rong 1a
180kHz va kéo dai trong mot khe thoi gian 14 0,5ms. Véi LTE tiéu chuan
thi mot RB bao gém 12 séng mang con véi khoang cach giira cac song
mang con la 15kHz, va cho eMBMS véi tuy chon khoang cach gitra céac

song mang con 13 7,5kHz va mot RB gdm 24 séng mang con cho 0,5ms.
2.3.3. K¥ thuit da truy nhap.

Ké hoach truyén dan duong xudng cho E-UTRAN ché d¢6 FDD va
TDD dugc dua trén ky thuat OFDM truyén thdng. Trong hé thong OFDM
pho tan c6 san dugc chia thanh nhiéu séng mang, duoc goi 1a cac song
mang con. MJdi song mang con duogc diéu ché doc 12p b&1 mot dong dir ligu
téc d thap. Tuy nhién, viéc truyén OFDMA phai chiu mét ty 1¢ cong suat
dinh-dén-trung binh (PAPR) cao, diéu niy c6 thé din dén nhimng hé qua
tiéu cuc dbi voi viée thiét ké mot bd phat song nhung trong UE. D6 13, khi
truyén dit liéu tr UE dén mang, can c¢6 mot bd khuéch dai cong suat dé

nang tin hi¢u dén 1én moét mirc du cao dé mang thu duoc. B§ khuéch dai
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cong suit 1a mot trong nhimg thanh phén tiéu thu ning lugng 16n nhat trong
mot thiét bi, va vi thé nén hiu qua cong suit cang cao cang tot dé 1am ting
tudi tho pin cua may. 3GPP di tim mot phuong an truyén dan khac cho
huéng 1én LTE. SC-FDMA dugc chon bai vi né két hop cac ki thuat voi
PAPR thap cia cac hé thong truyén din don séong mang, nhu GSM va
CDMA, véi kha niang chéng duoc da dudng va cdp phat tan sb linh hoat
cua OFDMA.

Mot sy so sanh giita OFDMA va SC-FDMA dugc thé hién nhu trong
hinh 2.3, vi du nay chi sir dung bon (M) séng mang con trong hai chu ky ky
hiéu véi dir lidu tai trong duoc biu dién boi diéu ché khoa dich pha cau
phuong (QPSK). Céc tin hiéu LTE dugc cip phat trong cac don vi cta 12
song mang con 1an can. Bén trai hinh 2.4, M cac song mang con 15kHz lién
ké di duoc dit vao dia diém mong muén trong biang thong kénh va mdi
song mang con dugc diéu ché véi chu ky ky hiéu OFDMA 1a 66,7us boi
mot ky hiéu dir lieu QPSK. Trong vi du nay, bon song mang con, bdn ky
hiéu dugc dua ra song song. Pay la cac ky hi¢u dir 1iéu QPSK do doé chi c6
pha ctiia mdi séng mang con 1a dugc diéu ché va cong suit cua song mang
con van giir khong doi gita cac ky hiéu. Sau mot chu ky ky hiéu OFDMA
tréi qua, cac CP duogc chén vao va bdn ky hiéu tiép theo dugc truyén di
song song. Pé cho hinh anh nhin duoc 16 dang nén cac CP duoc hién thi
nhu mot khoang tréng, tuy nhién, né thuc sy duoc lép dﬁy vO1 mot ban sao
cua su két thuc cia ky hiéu tiép theo, c6 nghia 1 cong suat truyén dan 1a
lién tuc nhung cd mot su gian doan pha ¢ bién cua ky hiu. Dé tao ra tin
hiéu truyén di, mot IFFT dugc thuc hién trén modi séng mang con dé tao ra
M tin hiéu mién thoi gian. Ching 1an luot 14 vector tong hop dé tao ra dang

song mién thoi gian cudi cung dugc sur dung dé truyén dan.
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Diév cdc ky hiéu QPSK dwoc truvén

m B

Cic ky hiéu dir lién
diéu ché QPSK

t 15kHz
OFDMA
Cac ky hiéu diF liéu chiém 15kHz
trong mdi chu ky ky hiéu OFDMA

SC-FDMA

Cac ky hiéu diF liéuchiém M=15kHz
trong 1/M chu ky Ky hiéu SC-FDMA

Hinh 2.3 OFDMA va SC-FDMA truyén mot chudi ky hidu dit lidu QPSK

Su tao thanh tin hiéu SC-FDMA dugc bat dau véi mot qui trinh dic
biét roi sau d6 no ciing tiép tuc mot cach twong tw nhu OFDMA. Tuy nhién
trude hét ta s& xem hinh bén phai cua hinh 2.3. Sy khac bi¢t rd rang nhét 1a
OFDMA truyén bén ky hiéu dir liéu QPSK song song trén mdi séng mang
con, trong khi SC-FDMA truyén bon ky hiéu dit liéu QPSK trong loat bon

lan, v&i mdi ky hiéu dir liéu chiém Mx15kHz bang thong.

Nhin mgt cach tryc quan, tin hicu OFDMA r6 dang la da sobng mang
v6i mot ky hiéu dir liu trén mdi song mang con, nhung tin hiéu SC-FDMA
xuét hién nhu nhiéu hon mot séng mang don (vi thé ma c6 “SC” trong tén
SC-FDMA) v6i mdi ky hiéu dit liéu duoc biéu dién bang mot loat tin hiéu.
Luu ¥ rang chiéu dai ky hiéu OFDMA va SC-FDMA 1a nhu nhau véi
66,7us, tuy nhién, ky hiéu SC-FDMA c6 chtta M céac ky hiéu con ma biéu
din cho dit liéu diéu ché. Do 1a viéc truyén tai song song ctia nhiéu cac ky
hiéu tao ra PAPR cao khong mong muén vdi OFDMA. Bang cach truyén
M cac ky hi¢u dir li¢u trong day vao M thoi diém, SC-FDMA chiém bang
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thong ciing nhu da song mang OFDMA nhung chi yéu 1a PAPR tuong tu
nhu dugc st dung cho cac ky hiéu dit liéu géc. Thém vao cing nhau nhiéu
dang song QPSK bang hep trong OFDMA s¢ ludn tao ra cac dinh cao hon
c¢6 thé thay trong bang thong rong hon, dang song QPSK don séng mang
SC-FDMA.

2.3.4. Ky thuit da anten MIMO

Trung tdm cua LTE Ia y tudng cua ky thuat da anten, dugc sir dung
dé tang vung phua song va kha ning cua 16p vat Iy. Thém vao nhiéu anten
hon v6i mot hé théng vo tuyén cho phép kha ning cai thién hiéu sut boi vi
cac tin hiéu phat ra s& c6 cac dudng dan vat 1y khic nhau. C6 ba loai chinh
cia ky thuat da anten. Pau tién no giup st dung truc tiép sy phan tap
duong dan trong d6 mot su birc xa dudng dan c6 thé bi mat mat do fading
va mot cai khac co thé khong. Thir hai 13 viée st dung k¥ thuat huéng bap
song(beamforming) bang cach diéu khién méi tuong quan pha cta cac tin
hi€u dién phat ra vao cac anten véi nang luong truyén lai theo tu nhién.
Loai tht ba st dung su phan tach khong gian ( su khac biét duong dan
bang cach tach biét cac anten ) thong qua viéc si dung ghép kénh theo
khong gian va su tao chum tia, con dugc goi la k¥ thuat da dau vao, da dau

ra (MIMO ).

Hinh 2.4 cho thdy, c6 4 cach dé thuc hién viéc st dung kénh vo

tuyén. B¢ don gidn cac vi du dugc miéu ta chi st dung mot hodc hai anten.
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SISO MISO

ij—tﬁx Txﬂj’-tﬂx
Tx1j

SIMO MIMO
Tx j .— Yi Rx0 Tx0 j7 \ iﬁx{}
Yi Rx1 Tx1 j? ‘i Rx1

Hinh 2.4 Céc ché d6 truy nhap kénh vo tuyén

Bao gom :
- Pon dau vao don dau ra (SISO)
- Don dau vao da dau ra (SIMO)
- Pa dau vao don dau ra (MISO)
- Da dau vao da dau ra (MIMO)

LTE str dung k¥ thuat da anten MIMO, ta tip trung tim hiéu vé ky
thuat nay. Tir hinh 2.4, ta c6 thé thiy MIMO yéu cau 2 hoic nhiéu méy
phat va hai hozc nhiéu may thu. MIMO lam ting cong suat pho bang cach
phat nhiéu ludng dir liéu cing mot lic trong cling mot tan sd va thoi gian,
tan dung déy du cac loi thé cua cac duong dan khac nhau trong kénh vo
tuyén. Pdi véi mot hé théng dugc mo td nhu MIMO, n6 phai ¢o it nhét 1a
nhiéu may thu v6i nhiéu ludng phat. S6 luong cac ludng phat khong duoc
nham 13n voi sb luong cac dng ten phat. Hiy xem xét trudng hop phan tap
phat (MISO) trong d6 c6 hai may phat nhung chi c6 mot dong dit ligu.
Thém nita su phan tap thu (SIMO) khéng chuyén cau hinh nay vao MIMO,
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mac du hién tai c6 hai anten phat va hai anten thu c6 lién quan. Noi cach
khac SIMO+MISO # MIMO. Néu N ludng dir liéu dugc truyén tir it hon N
anten, dit liéu co thé khong duogc giai xao tron mot cach day di boi bat ky
may thu ndo tir d6 tao ra sy chong chéo cac ludng ma khong cé su bod sung
ctia phan tap theo khong gian thi chi tao ra nhidu. Tuy nhién vé mat khong
gian viéc tach biét N cac ludng qua t6i thiéu N anten, N mdy thu s& co thé
tai tao lai day du dir liéu ban dau va nhiéu trong kénh vo tuyén 1a du thap.
Mot yéu td quan trong cho hoat dong MIMO 1a viéc truyén tir moi anten
phai 12 duy nhat ¢ mdi mdy thu ¢ thé xac dinh duogc cai gi ma nd di nhan
dugc. Viéc nhan dang nay thuong dugc thuc hién véi céc tin hi¢u chi dao,
trong d6 str dung cac mau truc giao cho mdi anten. Su phan tap khong gian
ctiia kénh vo tuyén nghia 1a MIMO c6 kha ning lam ting toc do dir licu.
Hinh thitc co ban nhat cia MIMO d6 1a gan mot dong dir liéu cho mdi

anten va dugc thé hién nhu trong hinh 2.5:
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Hinh 2.5 MIMO 2x2 khong c6 tién ma hoa

Trong dang nay, mot luéng dir li¢u duy nhét duoc gan cho mot anten
va duge biét dén nhu anh xa truc tiép. Sau d6 chung duoc tron 1an véi nhau
trén kénh, mdi anten thu s& nhan mot sy két hop cua céc luéng. Bén thu s€
str dung mot bd loc dé nghich ddo va tong hop cac ludng nhan duoc roi tai

tao lai dir liéu géc. Mot dang tién tién hon ctia MIMO 13 tién ma héa dic
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biét dé phu hop vé6i viée truyén dan & ché do dic biét cua kénh. Két qua
nay t6i wu trong mdi ludng dugc lan truyén qua nhiéu hon mot anten phat.
V6i ky thuat nay dé 1am viéc hiéu qua may phat phai co su hiéu biét vé cac
diéu kién kénh truyén, va trong truong hop FDD cac diéu kién nay phai
duoc cung cap trong thoi gian thuc boi thong tin phan hoi tir UE. Nhu vay
n6 s& 1am phirc tap thém mot cach dang ké cho viéc toi uvu héa nhung hé
thé)ng c6 thé lam viéc v6i hiéu sudt cao hon. Tién m3 héa voi hé théng
TDD khéng yéu cau nhan phan hoéi bai vi may phat s& xac dinh mot cach
doc 1ap cac diéu kién cta kénh truyén bai viéc phan tich cac tin hiéu nhan

dugc trén cung mot tan so.

Nhitng loi ich vé mat 1y thuyét cia MIMO 14 chirc ning cua sb lugng
cac anten truyén va nhan, cac diéu kién lan truyén vo tuyén, SNR va kha
ning cua may phat dé thich nghi vdi cac diéu kién thay doi. Trudong hop 1y
tudng 1a mot trong cac duong dan trong kénh truyén vo tuyén 1a hoan toan
khong twong quan, nhu thé riéng biét, cac két ndi cap vat 1y khong co
xuyén am giita mdy phat va may thu. Diéu kién nhu vay gan nhu 1a khong
dat duoc trong khong gian ty do. Cac gidi han trén cua MIMO dat duoc
trong cac diéu kién 1y tuong 13 dé dang xac dinh, va cho mot hé thong 2x2
v6i hai ludng dit liu dong thoi 1am ting gip d6i cong suét va toc do dix
liéu 1a c6 thé. MIMO hoat dong tdt nhat trong cac diéu kién SNR cao véi
duong tam nhin cuc tiéu. Két qua la, MIMO dic biét phu hop voi méi
truong trong nha, ¢ thé tao ra mot mic do cao cia da duong va tim nhin

cuc tiéu.
2.4. Lép vatly LTE
2.4.1. Diéu ché

Trong diéu ché hudng 1én st dung bo diéu ché truyén théng 1a diéu

ché bién d6 cau phuong (QAM). Trong cac phuong phap diéu ché c6 sin
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(cho dir lieu nguoi dung) 1a khoa dich pha vudng goc (QPSK), 16QAM va
24 QAM. Trong d6 QPSK va 16QAM 1a co sin trong tit ca cac thiét bi,
trong khi d6 viéc hd trg cho 64QAM theo huéng duong 1én 1a mot kha
ning cia UE. Cac chom diém diéu ché khac nhau duoc thé hién nhu trong

hinh 2.6:

QPK 16QAM 64 QAM
2 bits/symbol 4 bits/symbol 6 bits/symboaol
. . ¢ oo o coceleses
o o |o o cess|escs
L BN B N B B
R D cecc|ecese
L] L] L] L ] L ] L * 8 % e PP

Hinh 2.6 Cac chom diém diéu ché trong LTE

Piéu ché PRACH la diéu ché pha va cac chudi dugc st dung 1a duogc
tao ra tir cac chudi Zadoff-Chu véi nhitng sy khac biét vé pha giita cac ky
hiéu khéac nhau cta cac chudi. Tuy thudc vao chudi duoc chon dan dén ti 16
dinh- trung binh (PAR) hodc hon nita gia tri Metric khdi (CM) thuc té 1a ¢

phan thap hon hodc cao hon so vdi gia tri ciia QPSK.

St dung diéu ché QPSK cho phép hiéu qua cong sudt phat tot khi
van hanh tai ché d6 cong suat truyén tai day du ciing nhu diéu ché s& quyét
dinh két qua ctia CM (d6i v6i SC-FDMA) va do d6 né ciing yéu cau thiét bi
khuyéch dai cho dé truyén. Cac thiét bi s& st dung cong suit phat t6i da

thap hon khi van hanh vé6i diéu ché 16QAM hoic 64QAM.

Trong hudng dudng xudng, cac phuong phap diéu ché cho dir liéu
ngudi st dung ciing twong ty nhu trong hudng 1én. Theo 1y thuyét thi hé
thdng OFDM c6 thé st dung cac diéu ché khac nhau cho mdi séng mang

con. Pé c6 kénh thong tin chat lwong (va bao hiéu) v6i do chi tiét nhu vay
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1a s& khong thé kha thi do din dén chi phi qua mirc. Néu diéu ché riéng
timg séng mang con s& c¢d qua nhiéu bit trong hudng duong xudng danh
cho bao nhén trong cic tham sb ctia mdi song mang con va trong hudng
duong 1én phan hoi chi thi chat lugng kénh (CQI) s& can phai qua chi tiét
dé dat dugc murc d6 chi tiét cac song mang con dé c6 thé thich ung.

Ngoai ra khoa dich pha nhi phan(BPSK) da duoc xac dinh cho cac
kénh diéu khién, trong d6 st dung hoic 1a BPSK hoic 1a QPSK cho truyén
dan cac thong tin diéu khién.

2.4.2. Truyén tai dir liéu nguoi sir dung hwéng lén

Dt li¢u nguoi su dung trong hudng 1én dugc mang trén PUSCH,
trong d6 mot cau triic khung 10ms va duoc dya trén su cap phat tai nguyén
mién thdi gian va mién tan s véi 1ms va khoang chia 180kHz. Viéc phan
bd tai nguyén di kém tir mot bo 1ap biu duoc dit tai eNodeB, duge minh

hoa trong hinh 2.7:

. . ((tfé-»))
May phat- UE 1 Di¢u khién dwong lén

——=

eNodeB véi bé 1ap biéu

Truyén dan tai eNodeB thu

May phat — UE 2

Hinh 2.7 Cap phat tai nguyén hudng 1én dugc diéu khién bai bo 1ap
biéu eNodeB
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Do d6 khong c6 su ¢b dinh cac ngudn tai nguyén cho cac thiét bi, va
cling khong can tin hiu trude tir eNodeB cac ngudn tai nguyén chi can truy
nhap ngdu nhién 13 c6 thé dugc sir dung. D6i voi muc dich nay cac thiét bi
¢6 nhu ciu can phai cung cip thong tin cho cac bd 1ap lich biéu dudng 1én
clia cac yéu cau truyén dan (b dém trang thai) né co ciing nhu dua trén cac

nguon tai nguyén cong suat truyen tai hién san co.

CAu trac khung thong qua cdu tric khe 0,5ms va st dung 2 khe (1
khung con) thoi gian dugce cap phat. Chu ky cdp phat ngan hon 0,5ms co
thé c6 duogc qua cuong do tin hi¢u nhét 1a véi mot sd lugng 16n nguoi st
dung. Cau triic khung 10ms duoc minh hoa trong hinh 2.8. Cau triic khung
vé co ban 1a phu hop cho ca hai ché d6 FDD va TDD, nhung ché ¢6 TDD
c6 cac phan bd sung cho cac diém chuyén tiép duong 1én/dudng xudng

trong khung.

Khung con 1ms

A
's ™

Khe 0,5ms

/_H
0 1 8 19

Khung 10ms

Hinh 2.8 C4u trac khung LTE FDD

Trong khe 0,5ms c6 ca cac ky hi¢u tham chiéu va cac ky hi¢u dir li¢u
nguoi st dung. Tdc do dir lidu cua ngudi dung 13 tam thoi do d6 nhitng su
thay d6i nhu 1a mot chirc nang ctia phan bo tai nguyén duong 1én tiy thudc
vao bang thong tam thoi duoc cip phat. Bing thong c6 thé dugc cip phat
gitta 0 va 20MHz trong cic bic cua 180kHz. Cap phat 1a lién tuc nhu

truyén dan duong 1én 1a FDMA duogc diéu ché chi véi mot ky hi¢u duogc
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truyén tai mot thoi diém. Bang thong khe dugc diéu chinh giita cac TTI
lién tiép dugc minh hoa nhu trong hinh 2.9. Noi ma ting gap d6i téc do dix
lidu két qua 1a ting gap doi bang thong duoc s dung. Cac ky hiéu tham
chiéu ludn chiém cung mot khong gian trong mién thoi gian va do dé tbc
d6 dir liéu cao hon két qua 1a su ting twong Gng véi tbe d6 dir liéu ky hiéu

tham chiéu.

Cac tin hiéu tham chi¢u

Khoang thoi gian ky
hiéu SC-FDMA

-

A\ J

I( a3 -~ an - I{.
- Toc do dir lieu tang gap
Toc d dir lién déi
L os o oi
biang khong
(Khong cap phat)

Hinh 2.9 Tbc do dix liéu gitra cac TTI theo hudng 1én

Tién t6 vong(Cyclic Prefix) sir dung trong dudng 1én c6 hai gia tri co
thé phu thudc vao viéc mot tién to vong la ngén hodc dai dugc ap dung.
Céc thong s6 khac 1a khong thay doi va do d6 khe 0,5ms c6 thé chira ca 6
hodac 7 ky hi¢u nhu dugc chi ra trong hinh 2.10. Cac tai trong dir li€u bi
giam bot néu mot tién t6 vong mo rong duoc st dung. Nhung nd khong
duoc st dung thuong xuyén thudng 13 c¢6 loi vé hiéu suét vi co 7 ky hiéu
16n hon nhiéu so v&i su suy giam c6 thé ¢o tir nhidu lién ky tu do sy tré cta

kénh dai hon so vdi tién td vong.
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DDD.DDD] Symbol 66.68 ps

\ Short cyclic prefix
5.21 ps :
v Extended cyclic prefix
0.5 ms slot 16.67 ps '

Hinh 2.10 Cau trac khe duong 1én vai tién t6 vong ngan va dai

Két qua 1a téc do dir liéu hudng 1én tirc thoi trén mot khung con 1ms
1a mot chire ning cua diéu ché, sé luong cac khdi tai nguyén dugc cap phat,
va tong s chi phi cho thong tin diéu khién cling nhu 13 tdc d6 ma hoa kénh
dugc 4p dung. Pham vi cua tdc do dit liéu dinh huong 1én tirc thoi khi duoc
tinh toan tir cic ngudn tai nguyén 16p vat 1y 1a trong khoang tir 700kbps t6i
86Mbps. Khong co da anten cho truyén tai huéng 1én duge xac dinh trong
phién ban 8. Tdc do dit lidu tire thoi cho mot UE phu thudc vao cac dac

diém duong 1én LTE tir cac yéu to sau:

- Phuong thirc diéu ché duoc ap dung: v6i 2, 4 hoic 6 bits trén ky
hiéu diéu ché tuy thudc vao trinh tu diéu ché véi QPSK, 16QAM
va 64QAM tuong ung.

- Bing thong duogc ap dung: ddi voi 1,4MHz c6 chi phi 13 16n nhét
do c6 cac kénh chung va céc tin hiéu dong bo. Biang thong tam
thoi cta kénh c6 thé bién doi gitta su cAp phét tdi thicu 1a 12 séng
mang con (mot khdi tai nguyén 1a 180kHz) va bang thong ctia hé

thdng 1én dén 1200 séng mang con véi bang thong 20MHz.
- Tbc do ma hoa kénh duogc ap dung.

- Tbec do dit litu trung binh phu thudc vao thoi gian phan bo tai

nguyén mién.
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Céac 6 hodc cac khu vuc cu thé, nang suat dit liéu tdi da c6 thé dugc
tang 1én vd1 MIMO do (V-MIMO). Trong V-MIMO thi eNodeB s¢ xir ly
truyén tir hai UE khac nhau (véi mdi mot dngten phat don) nhu 1a mot kiéu
truyén dan MIMO. V-MIMO khong gép phan vao téc do dit liéu t6i da cho

nguoi dung don 1¢é.

Ghép CRC e— Dit liéu . )
| Diéu khién
M3 khéi 1
Phan doan & Ma hoa kénh
dinh kem CRC
[ 1
Ma héa kénh ,| Ghép kénh di¢u khién
& dir liéu
Thich ng toc d6
uch trng toc ao Xen kénh
Ghép ma khoi

Hinh 2.11 Chudi mi hoa kénh PUSCH

Chudi mi héa kénh cho duong lén duoc thé hién nhu trong hinh
2.11, noi ma dir liéu va cac thong tin diéu khién duoc ma hoa riéng va sau
d6 duoc anh xa toi cac ky hiéu riéng dé truyén. Thong tin diéu khién c6 dia
diém riéng quanh cac ky hiéu tham chiéu, thong tin diéu khién 16p vat Iy
dugc ma hoa riéng biét va dugc dat vao mot tap cac ky hi¢u diéu ché duoc

xac dinh trude.
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Ma hoa kénh dugc chon cho dir liéu nguoi dung LTE 1a ma turbo.
M3 hoa 1a ma chap ghép song song (PCCC) bd ma héa kiéu turbo. Ma
turbo dan xen cia WCDMA dugc stra doi dé phu hop hon véi dac tinh cia
LTE, ciu trac khe va cting cho phép su linh hoat hon dé thuc hién viéc st

1y tin hiéu song song véi toc do dir lidu ting 1én.

LTE ciing st dung két hop v6i su phat lai 16p vat 1y, thuong duoc
goi 13 yéu cau lap lai thich tng hdn hop (HARQ). Trong khi van hanh 16p
vat Iy HARQ ciing nhan luu trit cac goi tin khi viée kiém tra CRC thét bai
va két hop goi tin nhan dugc khi nhan duge mot sy truyén lai.

Dit liéu va thong tin diéu khién dugc ghép theo thoi gian & mirc
thanh phﬁn tai nguyén. Dir liéu dugc diéu khién mot cach doc lap voi cac
thong tin diéu khién, nhung thoi gian diéu ché trong moét 1ms TTI 1a nhu
nhau.

cac tin hiéu chuin

A

Cac phan tir thong tin diéu khién

Cac ky hi¢u
dieu che
cho dir li¢u

_~ Cac phan tir tai nguyén

Tin hiéu chuan

>Kh('§i tai nguyén
Cac song mang con

e o IIWTT]
mién thoi gian

Cacky hi¢u
dieu che
cho dieu khiéen

i

Cac phan ti thong tin diéu khién

Hinh 2.12 Ghép kénh ctia thong tin diéu khién va dir liéu
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2.4.3. Truyén tai dir liéu nguwoi sir dung huéng xudng

Dit liéu nguodi dung hudng xudéng duoc mang trén kénh chia sé
duong xubng vat Iy (PDSCH). Tuong tu viéc phan bo tai nguyén 1ms ciing
1a hop 1¢ trén duong xudng. Cac song mang con duge cip phat cac don vi
tai nguyén ciia 12 soéng mang con dan dén cac don vi cap phat 1a 180kHz
(khéi tai nguyén vat 1y, PRBs). Voi PDSCH, da truy nhap 18 OFDMA, mdi
song mang con duoc truyén di song song voi 15kHz va do d6 téc do dir licu
ctia ngudi sir dung phu thudc vao s luong cic séng mang con duge cap
phat (hodc cac khdi tai nguyén trong thuc t€) cho mot ngudi dung nhat
dinh. eNodeB cap phat khéi tai nguyén dua trén chi sé chat luong kénh
(CQI) tir thiét bi dau cudi. Twong ty nhu duong 1én, cac khdi tai nguyén
duoc cap phat trong mién thoi gian va mién tan s, duoc minh hoa nhu

trong hinh 2.13:

CQI véi théng tin mién tan sé

UE 1
Tan so

\ A -
W 2

UE 2 Data UE 1 Data
CQl
TTl n
UE 2
N s s ,a
UE 1 Data UE 2Data

Hinh 2.13 Cép phat tai nguyén duong xudng tai eNodeB
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Kénh diéu khién duong xudng vat Iy (PDCCH) thong bao cho thiét
bi d6 cac khoi tai nguyén duoc cip phat cho no, ty dong véi do chi tiét cap
phat 1a 1ms. Dit liéu PDSCH s& chiém giir tir 3 dén 6 ky hiéu trén mdi khe
0,5ms tuy thudc vao viée cip phat cho PDCCH va né ciing phu thudc xem
liéu mot tién td vong dugc st dung la ngén hay dai. Trong mot khung con
1ms, chi c¢6 khe 0,5ms dau tién chita PDCCH trong khi khe 0,5ms thtr 2 1a
hoan toan cho dif liéu (cho PDSCH) . d6i voi mt tién t6 vong dai thi 6 ky
hiéu s& dugc gin trong khe 0,5ms. Trong khi véi mét tién t6 vong ngan thi
7 ky hiéu c6 thé dugc gin vao. Vi du nhu trong hinh 2.14, gia st ¢6 3 ky
hiéu cho PDCCH nhung diéu nay co6 thé thay doi gitra 1 va 3. Voi bing
thong nho nhét 1a 1,4MHz sb cac ky hiéu thay d6i giita 2 va 4 cho phép co
du dung luong dé truyén tin hiéu va du cac bit dé cho phép ma hoéa kénh du

t6t trong cac trudng hop quan trong.

Khung vo tuyven 10ms

Khung con dwéng xuong 1ms

0 5 3 17 ] 18 19
P o Tl
- - \\ = - - -
- - - - -
_zCackynign  CRHMEN, Cic Ky hiéu dif lige
T T = ac kv hieu dik lien ™ = <
- ﬂlEllklllEll A ~ . caL 3 -
v B
Khe 0,5ms thirnhat Khe 0.5ms thirhai

Hinh 2.14 Céu truc khe duong xudng cho bang thong 1.4 MHz
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Ditliéu DL-SCH

l

Gan CRC khoi
truven

l

Phiin doan khoi
ma & gcan CRC

AI4 hoa tubo

Thiching toc do

Ghép khoi ma

| \

Hinh 2.15 Chudi ma hoa kénh DL-SCH

Ngoai cac ky hiéu diéu khién cho PDCCH, khéng gian dit liéu cua
nguoi st dung cé bi giam bét do céc tin hiéu chuan, cac tin hiéu déng bo va
dir liéu quang ba. Do dé udc lugng kénh 1a ¢6 loi khi céc tin hi¢u chuén
duoc phan bd déu trong mién thoi gian va mién tan s6. Piéu nay lam giam
b6t cac chi phi can thiét, nhung nd yéu cau mot sd quy tic phai dugc xac
dinh dé ca hai mdy thu va may phat hiéu dugc dé anh xa tai nguyén mot
cach giéng nhau. Tir tong khong gian cap phat tai nguyén véi mot nhu cau
van chuyén toan bg vao tai khoan cho cac kénh chung nhu PBCH, c6 thé
tiéu tén khong gian tai nguyén cua riéng ho. Mot vi du vé PDCCH va viéc

cap phat tai nguyén PDSCH duoc thé hién trong hinh 2.16:
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Cactin
hiéu chuan

n
PDCCH 1N PDSCH
—— — ";'
A I\
Jr A

|

|
Cacsong ¥
mang con .

—

k.

, O

' € >
Cac Ky hién

Hinh 2.16 Vi du vé chia sé tai nguyén dudng xudng gitra
PDCCH & PDSCH

M3 hoa kénh cho dit liéu nguoi dung theo duong xudng 13 st dung
mi turbo 1/3 nhu trong huéng dudng 1én. Kich thudc t6i da cho khdi ma
hoa turbo dugc gidi han trong 6144 bit d& giam bét ganh ning xur 1y, cac
cap phat cao hon sau d6 s& dugc phan doan dén cac khdi ma hoa da. Bén
canh viéc ma hoa turbo, & duong xudng ciing c6 16p vat Iy HARQ véi cac
phuong phéap két hop tuong ty nhu trong hudng 1én. Cac loai thiét bi ciing
phan 4nh sb lugng bo nhé dém co san dé két hop phat lai. Chudi ma hoa
duong xudng duge minh hoa nhu trong hinh 2.16. Khong c6 ghép kénh cac
ngudn tai nguyén 16p vat Iy véi PDCCH khi ching c6 ngudn tai nguyén
riéng ciia minh trong khung con Ims.

Mot khi dit liéu da dugc ma hoa, cac tr ma duoc cung cép vé sau

cho cac chirc nang diéu ché va xdo tron. Anh xa di€u ché duogc &p dung cac

diéu ché mong mudn (QPSK, 16QAM hoic 64QAM) va sao d6 cac ky hiéu
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dugc nap cho 16p anh xa trudec khi ma hoa. bdi véi viee truyén dan da
anten (2 hodc 4) thi cac dir liéu nay sau d6 dugc chia thanh nhiéu ludng
khac nhau va sau d6 duoc anh xa dé diéu chinh cac thanh phan tai nguyén
san c6 cho PDSCH va sau d6 tin hiéu OFDMA thuc té duoc tao ra, dugc
thé hién trong hinh 2.17 véi vi du la truyén dan 2 anten. Néu chi c6 mét
anten phat 1 san c6, thi 1d dang 1 cac chitc ning cua 16p anh xa va trudc
ma hoa 1a khong cé vai tro trong truyén dan tin hiéu.

Dit liéu DL-SCH tit mi hoa kénh

*| Anhxalép &
tién mé hoa

Xido tron Anh xa diéu che

Anh xa phan t@
tai nguyeén

Tao ratin hiéun
OFDM

!

Antennas

Hinh 2.17 Sy tao thanh tin hiéu huéng xudng
Hiéu qua ciia toc dd dir liéu huéng xudng tire thoi phu thude vao :

- Diéu ché, véi phuong phap tuong tir c6 thé nhu hudng duong 1én.

- Cap phat s6 luong cac song mang con. Luu ¥ rang trong dudng
xudng cac khéi tai nguyén 1a khong can thiét phai cap phat lién tuc
trong mién tan sb. Pham vi cta viéc cip phat bang thong 1a tuong tu
nhu hudng duong 1én tir 12 song mang con (180kHz) t&1 1200 soéng

mang con.

- To6c dd ma hoa kénh.



44

- S luong anten phat (céc luéng doc 1ap) voi su hoat dong cua

MIMO.

Téc @6 dir liéu dinh tic thoi cho dudng xudng (gia st tat ca cac tai
nguyén 1a cho mot nguodi dung duy nhat va chi tinh cdc ngudn tai nguyén
vat 1y co san) 1a khoang tir 0,7Mbps t&i 170Mbps. Tham chi c6 thé 1a
300Mbps hodc c6 thé cao hon néu str dung cdu hinh MIMO 4 — 4 anten.
Khong ¢ gidi han vé toc do dir liéu nho nhat, va can cé cac don vi cp
phat nho nhat (1 khéi tai nguyén) 1a qua cao thi khoang dém c6 thé duoc ap
dung.

2.5. Cac thu tuc truy nhip LTE
2.5.1. Do tim té bao

Do tim cell 1 thi tuc ma theo d6 thiét bi dau cudi tim thdy mot cell
c¢6 kha nang két néi téi. Nhu 14 mot phan cua tha tuc do tim cell, thiét bi
dau cudi thu dugc nhan dang cell va ude tinh dinh thoi khung cua cell dugc
xéac dinh. Hon nita, thi tuc do tim cell cling cung cap su dénh gia cac thong
sd can thiét cho viéc thu nhén thong tin cta hé thdng trén kénh quang ba,

c6 chira cac thong so con lai can thi€t cho viéc truy nhap vao hé thong.

Dé tranh viéc 1ap ké hoach cell phtic tap, sb luong cac nhan dang cell
16p vat 1y phai c6 du 1én. LTE hd trg 510 nhan dang 6 khac nhau, dugc
chia thanh 170 nhém nhan dang cell .

bé gidm sy phirc tam trong viéc do tim cell, do tim cell trong LTE
thuong dugc thyc hién trong mdt vai bude, twong ty nhu tha tuc do tim 6
ba budc trong WCDMA. Bé hd tro thiét bi dau cudi trong thu tuc nay, LTE
cung cép mot tin hiéu déng b0 so cép va mot tin hi€u déng bd thur cép trén
duong xudng. Céc tin hiéu déng bd so cip va thu cdp 1a cac chudi riéng,

duoc chén vao hai ky hiéu OFDM cudi cing trong khe dau tién cta khung
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phu (subframe) 0 va 5. Ngoai céc tin hi¢u déng bo, thu tuc do tim cell cling

c6 thé loi dung cac tin hi€u tham chiéu nhu 12 mot phﬁn hoat dong ctia no.
2.5.2. Truy nhip ngiu nhién

Mot yéu cau co ban cho bat ky mot hé théng di dong té bao nao la
kha ning cho thiét bi dau cudi yéu cau thiét lap mot két néi. Piéu nay
thuong dugc goi 1a truy nhap ngau nhién va phu vu hai muc dich chinh cta
LTE, d6 la thiét 1ap dong bo hudng 1én va thiét 1ap mot nhan dang thiét bi
dau cudi duy nhat, C-RNTI, duoc biét dén ¢ ca hé théng mang va thiét bi
dau cudi. Do @6, truy nhap ngiu nhién dugc sir dung khong chi cho truy
nhap ban dau, khi chuyén giao tit LTE DETACHED (LTE _tach biét) hoic
LTE IDLE (LTE ranh rdi) t6i LTE ACTIVE (LTE tich cuc), ma con sau
nhimg giai doan cua tinh trang khong tich cuc duong 1én khi dong bo

duong 1én bj mat trong LTE_ ACTIVE.

Téng quan vé truy nhap ngiu nhién dugc thé hién nhu trong hinh

2.18, n6 bao gém bdn bude:

- Budc dau tién bao gdm truyén din phin md dau truy nhdp ngiu
nhién, cho phép eNodeB udc tinh sy dinh thot truyén tai ca thiét bi
dau cudi. Pong bd hudéng 1én 13 can thiét néu khong thi thiét bi dau

cubi khong thé truyén duoc bat ky dir liéu nao & hudng lén.

- Buoc thir hai bao gém: mang s€ truyén mot 1énh dinh thoi sém dén
dé diéu chinh sy dinh thoi truyén cua thiét bi dau cudi, dua trén phép
do dinh thoi trong budce dau tién. Ngoai viéc thiét 1ap dong bo hudng
1én, bude hai ciing chi dinh cac ngudn tai nguyén hudng 1én cho thiét
bi dau cudi duoc sir dung trong budc thir ba trong cac thu tuc truy

nhap ngau nhién.
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- Buodc thut ba bao gém truyén dan su nhan dang thiét bi dau cudi di
dong béng cach str dung UL-SCH tuong tu nhu dir liéu dugc hoach
dinh thong thuong. Noi dung chinh xac cua tin hiéu nay phu thudc
vao trang thai cta thiét bi dau cudi, du né trudc day co biét dén

mang hay khong.

- Budc thtr tu va ciing 14 bude cudi cung bao gém truyén dan thong
diép phan giai tranh chip tir mang t6i thiét bi dau cudi trén kénh
DL-SCH. Budc nay ciing giai quyét moi tranh chdp do c6 nhiéu thiét
bi dau cudi dang cb ging dé truy nhap vao hé théng bang cach sur
dung cing tai nguyén truy nhap hé théng

e

|
L]
=

UE eNodeB AGW

Pong bé voi )
dinh th&i dwdmg xudng
( tir viec do tim cell )

Buréc 1: phin m#& ddu truy nhip ngiu nhiﬁnp

Buwdc 2: ddp ing truy nhip ngau nhién
N

Piéu chinh dinh

thoi hwong lén

Chi khi UE khéng biét dén eNodeB

Buwdc 3: bdo hieu RRC ( ban ddu truy nhip ngaun nhién)
............... T
_Bugc 4: bao hi¢u RRC DA J

Dir liéu nguwai ding
T Tt iy it LT >

Hinh 2.18 Thi tuc truy nhap ngau nhién
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2.6. Két luan chwong 2

Qua chuong trén ching ta di tim hiéu vé kién trtc, 16p vat Iy va cac
thu tuc truy nhép trong LTE. Tuy nhién, LTE méi chi dugce goi véi cai
tén khong chinh thirc 13 3,9G nd van chua du dap Gng yéu ciu ctia mot hé
thong thong tin di dong thir tu. LTE st dung k¥ thuat da truy nhap phan
chia theo tan sé truc giao OFDMA ¢ dudng xudng. Trong khi d6 ¢ duong
lén LTE st dung k¥ thuat da truy nhap phéan chia theo tan s don song
mang SC — FDMA. Vay dé chinh thic duoc goi 13 hé théng thong tin di
dong thé hé thir tu TLE can c6 thém nhitng gi, ta cing tim hiéu vé cong

ngh¢ LTE — Advanced.
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CHUONG III. CONG NGHE LTE - ADVANCED TRONG
THONG TIN DI PONG

3.1. LTE-Advanced

LTE-Advanced (Long Term Evolution-Advanced) 1a sy tién hoa cua
cong nghé LTE, cong nghé dua trén OFDMA niy dugc chuan héa boi
3GPP trong phién ban (Release) 8 va 9. LTE-Advanced, du 4n dugc nghién
ctru va chuin hoa bai 3GPP vao nam 2009 véi cac dic ta duoc mong doi
hoan thanh vao qui 2 nim 2010 nhu 1a mot phan cua Release 10 nham dap
g hodc vuot hon so voi nhitng yéu cau caa thé hé cong nghé vo tuyén di
dong thr 4 (4G) IMT-Advance dugc thiét lap boi ITU. LTE Advance s&
twong thich nguoc va thuan voi LTE, nghia 1a cac thiét bj LTE s& hoat
dong & ca mang LTE-Advance mdi va cac mang LTE cii. ITU da dua ra
cac yéu cau cho IMT-Advance nham tao ra dinh nghia chinh thtrc vé 4G.
Thuat ngit 4G s& 4p dung trén cic mang tudn theo cac yéu cau cua IMT-
Advance xoay quanh béo cao ITU-R M.2134. M6t sd yéu cau then chdt bao
gom:

- Hb tro d6 rong bang tan 1én dén va bao gdbm 40Mhz.

- Khuyén khich hd tro cac do rong bing tan rong hon.

- Hiéu qua str dung phé tan dinh duong xudng toi thiéu 1a 15 b/s/Hz
(gia st st dung MIMO 4x4).

- Hiéu qua st dung phd tin dinh dudng 1én tdi thiéu 1a 6,75 b/s/Hz
(gia st st dung MIMO 4x4).

- Tbc do théng luong Iy thuyét 1a 1,5 Gb/s.
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3.2. Nhirng cong nghé dé xuit cho LTE-Advanced
3.2.1. Bing thong va pho tan

Muc tiéu toc d6 s liéu dinh cua LTE-Advance rit cao va chi co thé
duoc thoa man mot cach vira phai bang cach ting d6 rong bing truyén dan
hon nita so v&i nhitng gi dugc cung cap & Release dau tién ciia LTE va do
rong bang truyén dan 1én dén 100Mhz duoc thao luan trong ndi dung ctia
LTE-Advance. Viéc mé rong do rong cua bang s€¢ dugc thuc hién trong khi
van duy tri dugc tinh twong thich phd. Piéu nay co thé dat dugc bang cach
sir dung “khdi tap két song mang”, trong d6 nhiéu séng mang thanh phan
LTE duoc két hop trén 16p vat li dé cung cap do rong bang can thiét. Po6i
v6i thiét bi dau cudi LTE, mdi séng mang thanh phan s& xuat hién nhu 1a
mot song mang LTE trong khi mot thiét bi dau cudi LTE-Advanced c6 thé
khai thac toan bo do rong bang khdi két tap.

Hinh 3.1 minh hoa truong hop cic séng mang thanh phan lién tiép
nhau mic du ¢ khia canh bang goc, diéu nay khong phai 1a diéu kién tién
quyét. Truy nhap dén mot luong 16n pho lién tuc & bac 100Mhz khong thé
c6 thudong xuyén. Do d6, LTE-Advanced c6 thé cho phép két tap cac song
mang thanh phan khong lién ké dé xir 1i cac tinh hudng trong d6 mot khoi
luong 16n phd lién tiép nhau khong sin c6. Tuy nhién, nén luu ¥ ring su
két tap pho khong lién ké nhau dang 13 thach thirc tir khia canh thyc thi. Vi
vy, mic du khoi két tdp pho dugce hd trg bai cac dic ta co ban thi sy két
tap pho phan tan chi duoc cung cap boi cac thiét bi dau cudi cap cao nhat.
Truy nhap trén cic do rong bang tan truyén dan cao hon khong chi hiru ich
tir khia canh téc d6 dinh ma quan trong hon 1a cong cu cho viéc mé rong do

phu song véi cac toc dd so li¢u trung binh.
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Cac song mang con thanh phan (somg mang LTE o Release §)

e e S
& 3 & 3 X
(Y Y=Y Y )

5 song mang con thanh phan tao thanh doé rong bing tong cong la 100 MHz
Hinh 3.1 Vi du vé khoi tap két song mang
3.2.2. Gidi phap da anten

Céc cong nghé da anten, bao gdm dinh dang chim va ghép kénh theo
khong gian 1 cac thanh phan cong nghé then chét von ¢ cia LTE va chic
chan s& tiép tuc dong vai tro quan trong hon trong LTE-Advanced. Thiét ké
da anten hién tai cung cip 1én dén bon cong anten véi cac tin hiéu tham
chiéu 6 cu thé twong tmg & dudng xudng, két hop vdi sy tién ma hoa dua
trén s6 ma. CAu tric nay cung cip ca su ghép theo khong gian 1én dén bén
16p, dua dén toc @6 bit dinh 1a 300Mbit/s cling nhu 1a dinh dang chum (dwa
trén s6 ma). Két hop v6i nhau trén do rong bing toan phan 1a 100 Mhz, so
dd ghép khong gian LTE hi¢n tai s€ dat dugc tdc d6 dinh 1a 1,5Gb/s vuot
xa so v&i yéu cau cua LTE-Advanced. Co thé thay trudc rang hd trg ghép
kénh theo khong gian duong 1én s& 14 mot phan ctia LTE-Advance. Viéc
tang s6 16p truyén din duong xudng vuot xa con sé bon 1a c¢6 kha ning va
c¢6 thé duoc st dung nhu 13 phan bd sung d6i véi sy ting tdc dinh thong

qua su md rong bing tan.
3.2.3 Truyén din da diém phdi hop

Muc tiéu vé s liéu dinh ctia LTE-Advance yéu cAu sy cai thién dang
ké vé ti 1é tin hiéu trén tap Am va can nhiu SINR ¢ thiét bi dau cudi. Pinh
dang chum la mot céch. O cac mang hién tai, nhiéu anten nam phan tan vé
mit dia 1i két ndi dén mét don vi xir i bang géc trung tdm duogc st dung

nham dem lai hiéu quéa vé chi phi. Mo hinh trién khai thu/phat da diém phéi
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hop v6i qué trinh xir li bang géc & mot nat don duwoc mo ta ¢ hinh trén. O

duong xudng, no chi ra sy phdi hop truyén dan tir da diém truyén dan.

eNodeB A x

Hinh 3.2 Truyén din da diém phdi hop

3.2.4. Cac bd lip va chuyén tiép

Tir viée xem xét qui dudng truyén, viée trién khai cac giai phap
chuyén tiép khac nhau nham giam khoang cach may phat va may thu xuéng
va cho phép tang toc do sb liéu. Cac bo lap don gian s& khuéch dai va
chuyén di céac tin hiéu tuong tu thu dugc. Khi dugc cai dat, cac bo ldp lién
tuc chuyén di tin hi€u thu dugc ma khong quan tdm dén co thiét bi dau cudi
trong vung phtl song ctiia nd hay khong. Nhitng bo 1ap nhu vay khong hién
thi d6i v6i ca cac thiét bi dau cudi va tram gdc. Tuy nhién, c6 thé xem xét
cac cAu trac b 13p cao cap hon, chiang han so d6 trong d6 mang c6 thé diéu
khién cong sut truyén cua bo lap, chéng han, chi tich cuc bd 1dp khi nguoi
st dung hién dién trong khu vyc dugc diéu khién boi bd lap nham tang tde
d6 s liéu cung cap trong khu vuc. Cac béo céo do dac bo sung tir cac thiét
bi dau cudi co thé ciing duoc xem xét nhu 1a phuong tién huéng dan mang

ma trong do6 cac bd lap duoc bat 1én. Tuy nhién, viéc di€u khién tai truyén
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dan va lap biéu thuong nam & tram goc va vi vay, cac bo lap thuong trong

subt tir khia canh di dong.

Nt trung gian ciing c6 thé giai ma va tai hoa bat ki sb liéu thu dugc,
wu tién chuyén tiép nd dén ngudi sir dung duge phuc vu. Day thuong dugc
xem la chuyén tiép giai ma hoa va truyén tiép. Khi nat trung gian giai ma
hoa va tai ma hoa khdi sé liéu thu duoc thi tao ra tré dang ké, 1au hon do
dai khung con LTE 1ms. Tuy nhién, cac nat chuyén tiép khong truyén tiép
cac tap am va sy thich nghi tde do co thé duge thuc hién mot cach riéng ré
cho mdi két ndi.

Pdi vé6i cac bd lap, tdn tai nhiéu tuy chon khac nhau phu thudc vao
cac tinh ning duoc hd tro nhung ¢ mirc cao, c6 thé phan biét hai ting khac
nhau, dya trén viéc truyén tiép duoc thuc hién & 16p 2 (chuyén tiép 16p 2)
hay 16p 3 (chuyén tiép 16p 3). Mic du giéng nhau ¢ nhiéu diém co ban (tré,
khong khuéch dai tap am), giai phap self backhauling khong yéu cau bat ki
nat, giao thirc hodc giao dién méi nao dé chuan héa boi vi cac giai phap
dang tdn tai duoc tai st dung va do doé co thé dugc va chudng hon trén cac

ki thudt cung chirc ndng L2 cua chung.

Két noi
e tiep

(@

et noi Két noi
;I]II}'EII by nhap
fiep

Hinh 3.3 Chuyén tiép trong LTE-Advanced
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3.2.5 MCMC CDMA

Song song v4i cac giai phap trén thi mot dé xuat ciing dang dugc dua
ra d6 1a MCMC CDMA (Multicode Multicarrier Code Division Multiple
Access) nham cung cap nhiéu loai toc do khac nhau dugc truyén di trén

nhiéu song mang con.
A. H¢ thong Multicarrier CDMA

Hé thong MC-CDMA duoc xem nhu 1 su két hop ndi tiép cua
CDMA via OFDM. Sy két hop nay c6 hai wu diém chinh, thr nhat n6 ké
thira kha ning 1am chiam toc d6 ky tu trén mdi song mang phu du dé co
duoc mot su nhan tin hi€u gﬁn déng bd (quasi-synchronous). Uu diém thu
hai d6 14 no c6 thé két hop mot cach hiéu qua ning luong tin hiéu bi phin
tan trong mién tan s6. Pac biét trong nhiing trudng hop truyén dan toc do
cao khi mot bo thu DS-CDMA c¢6 thé thdy 20 dudng trong dap (mg xung
tire thoi, mot bo két hop RAKE 20 duong 1a diéu khong thé thyc hién cho
bo thu DS-CDMA, trong khi d6 mdt bg thu MC-CDMA 1a c6 thé thuc hién
duge mic du né sé tiéu tén nang lugng tin hiéu nhan trong nhiing khoang
bao vé. Bo phat MC-CDMA trai luong dit liéu ban dau lén cac song mang
phu khac nhau bang cach sir dung mot ma trai rong trong mién tan sb. Noi
mot cach khac, phan ky ty twong (mg véi mot chip ctia ma trai rong sé
duoc truyén trén mot song mang phu. Hinh 3.4 cho ta khai niém vé su tao
tin hiéu MC-CDMA cho mét nguoi dung. Tuong ty nhu trong hé théng
CDMA, mét ngudi dung cé thé chiém toan bo bang thong cho sy truyén
dan ciia mét ky tu dir li€u. Sy phan biét c4c tin hi€u cua nhitng nguoi dung
khac nhau duoc thuc hién trong mién ma. Mdi ky tu dir liéu dugc sao chép
1én cac ludng phu trude khi nhan nd vai chip ctia ma trai rong, diéu nay cho

théy mot hé théng MC-CDMA thyc hién su trai rdng theo huong tan sd va
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nhu vady lam tang thém tinh linh dong khi so sanh v&i mot hé théng
CDMA. Su 4nh xa céc chip theo hudéng tan sé cho phép su nhan dang tin

hiéu c6 thé duogc thuc hién bang nhiéu phuong phap don gian.

N = sdng mang phy
m4d tra i phd fi

cdc ky w dir liéu
trdi phd

cdc k¥ ' di ligu

Hinh 3.4 Sy tao tin hieu MC-CDMA cho mot nguoi dung

Su tao tin hiéu trai pho da song mang st dung OFDM cho mdt nguoi
dung dugc minh hoa & hinh 3.4. Khong mét tinh téng qua, sy tao tin hi¢u
MC-CDMA duoc miéu ta cho mot ky tu d6i véi mdi ngudi dung, vi vay

chi s6 ky tu dit liéu khong can ghi rd. Trong bo phat, ky tu dit lidu gia tri

phtrc Ak ciia ngudi dung thtr k duge nhan voi ma trai pho :

N (R (3.1)

C6 chidu dai L =6 =Nc_ Chubi gia tri phire thu dugc sau bo trai phd :

S, _d, G, _ (Sk1rSk,25 ---JSJ.:,L)T (3.2)
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d,, | BO tréi pho
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B6 chuyén n6i
tiép sang song
song

OFDM

Hinh 3.5 Nguyén tic tao tin hieu MC- CDMA

Tin hiéu duwdng xudng (downlink):
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O tuyén xubng dong b, cac tin hiéu trai phd cua K user dugc cong
v6i nhau trude khi thyc hién phuong phap OFDM (hinh 3.3). Két qua xép

chong K user v&i nhau tao ra tin hi¢u trai pho :

S= Zﬁ;é Sp = (50,5.,.S.-4)"

(3.3)
Két qua nay co thé viét dudi dang ma tran
S=C.d (3.4)
Trong do
d= (dﬂydll---ldk—lj'r (35)

la vector gom cac ky hiéu phat cua K user tich cuc, con C 1a ma tran

ma cOt thur k 1a ma trai phé dac trung cho user thir k:

C:(CDJCL...,CF:—lj (36)
(0) S trai pha y BN
d\ B trai pho =
—_—» 01 g & D
-0 < e
= = L] E X
refl) £
2 ] > F = —
. B B O
e U
(i A |
d !'| Bo trai pho 2
- o AK=1)

Hinh 3.6 Méay phat MC-CDMA tuyén xubng

Tin hiéu MC-CDMA tuyén xudng 13 két qua ctia qua trinh xir Iy tin
hiéu s bang khéi OFDM theo phuong trinh (3.3). Gia sir rang khoang du
phong 1a du dai, vector thu sau khi thuc hién bién doi nguoc OFDM va loai

bo cac khoang tan so thira sé dugc xac dinh boi:
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T
r:H-S—|—n: {:RDJRIJ"'JRL—].] (37)

trong d6 H 12 ma tran LxL dic trung cho kénh truyén va n 13 vector tin hiéu
nhiéu chiéu dai L. Vector r s& dugc dua vao bo phat hién dir lidu dé udc
lugng (bang phuong phap cimg hodc mém) dit liéu phat. Khi mo ta k¥ thuat

phat hién da user, vector r s€ dugc bi€u dien dudi dang:

T
r=As+n= (RD!RIJ"'JRL—I] (38)

v6i A 12 ma tran hé thong xac dinh boi:
A=H.C (3.9)
Tin hiéu dwong lén (uplink)
o) tuyén 1én, tin hiéu MC-CDMA c¢6 dugc mot cach truc tiép sau khi
xtr 1y chudi Sk cua user thir k bang khéi OFDM. Sau khi thuc hién qua trinh

bién doi nguoc OFDM va loai b cac khoang tan sd thira & may thu thi

vector thu img v&i chudi phat Sk 58 la:

F=ZF;§;$5& Hk+n:(RD,R1,...,RL_1]T (3.10)

trong do Hipao gdm céac hé sd cua kénh truyén phu tmg voi user tht k.

Tuyén 1én phai dugc dong bo dé phuong phap OFDM dat hiéu suat st dung
phé cao nhat. Vector r nay s€ dugc dua vao bo phat hién dé uéc luong dir
liéu phat bang phuong phap ctng hodc mém. Ma tran hé théng A cta tuyén

1én duoc dinh nghia boi:

A= (ac.}al,...,ak_l) 3.11)
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B. Hé thong Multicode CDMA

Hé thdng Multi-code CDMA cung cap nhiéu loai téc do khac nhau
bang cach an dinh cho mdi ngudi ding mot tap gdm M chudi ma, kich
thuéc M clia tdp ma s& thay doi theo toc do yéu cau. Tuy thudc vao cach
thitc “anh xa” cac bit dit liéu vao cac chudi md ma ta co cac hé théng
Multi-code CDMA khac nhau.

e H¢ théng Multi-code CDMA kiéu truyén song song

Trong hé théng Multi-code CDMA kiéu truyén song song khi mot
nguoi dung can truyén mot luéng dit liéu c6 tdc d6 16n hon tdc d6 co ban
M lan thi hé thong s& chuyén ludng dir liéu nay thanh M ludng dit liéu con
song song (st dung bd chuyén d6i ndi tiép sang song song), M ludng dir
liéu con ndy dugc xem nhu 1a cia M nguoi dung doc 1ap, mdi ludng s&
duoc trai phd (mi hoa) bang mot ma khac nhau trong tap va duoc cong lai
truée khi chuyén 1én truyén dan cao tdn. Hinh 3.7 miéu ta so d6 khoi bo

phat trong hé théng Multi-code CDMA kiéu truyén song song.

Ehéi phat
Cy
|| Bémi Botrs B4 didy a cosw,t
hda kénh e ché C) 5
b v
& | pO—®
| Bemi S Bé didu _’C _
D | hda kénh REERS chd L 4
2 » SP N@ ! @ >
ligu : 3 ¥
oG |
. ol O
CM & I—.-.J &
Bg mi . Ba didy ; ,
> 2 *  Botdn * » 1
hda kénh ché& ® fi0 sinoiet

F 3
I

Hinh 3.7 So @ khéi bo phat Multi-code CDMA kiéu truyén song song
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Bo thu ciia hé théng Multi-code CDMA dugc xem nhu twong tng
v6i M b thu ciia hé thong DS-CDMA. Hinh 3.8 miéu ta so d6 khdi cua bo
thu hé théng Multi-code CDMA kiéu truyén song song.

B& pgidi g Gidimi
tron hda kénh

h 4

i
i
||I i
i Giditdi phd
i fudng guan

Cdc bd thu Rake

Khéi thu
:r-Taomi con I
1 H
i Giditdi phd E | B& gidi - Gidimi I
I widng guan ’ 1rén hda kénh
[ 4 :
' % H
{ E Giditedi phd i B& gidi | Gidimd |
Gidi diéuche [/ ! wdngguan | rdn bda kénh i3
— ' : P/S =
vubng goc - :
: :
L]
i
'
t
i

Hinh 3.8 So d6 khéi bo thu Multi-code CDMA kiéu truyén song song

Pé giam su ty xuyén nhidu (self-interference) ma mot ngudi ding sir
dung nhiéu mi c6 thé gap phai thi cic ma ciia cing ngudi ding nén truc
giao 1an nhau.

 H¢ théng Multi-code CDMA kiéu truyén M-ary

Trong hé thong Multi-code CDMA kiéu truyén M-ary mdi ngudi
dung ciing dugc gan mot tap gom M chudi ma. Cac téc do dir lidu khac
nhau cta ngudi dung s& duoc ho trg bang cach thay déi kich thudec M caa

tap chudi ma. Ngudi dung truyén dit liéu biang cich chon mot chudi ma tir

tap chudi cia ho va truyén né qua kénh chung, bang cach nay log, (M) bit

dir liéu da duoc truyén trong mot chu ky ky tu dir licu.
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Qua trinh tao ma cho mot nguoi dung cho mot hé théng Multi-code
CDMA kiéu truyén M-ary ciing tuong ty nhu qué trinh tao mi trong hé
thdng Multi-code CDMA kiéu truyén song song. Mdi ngudi dung duge gan

mot ma dic trung cho nguot dung Uy (n) , mot tap ma {Vm m)|1 <m <M}

duoc goi 1a tap ma thong tin dugc dung chung cho tit ca ngudi dung. Tap

ma cho nguoi dung thu k 1a:

Sie= (Pem ()1 <m < M

= (Yk(n) Vmm)|1 <m < My (3.12)
Vi cach tao ma nay thi bd anh xa cac ky tu dir li€u M-ary vao cac

chudi Ym(n), bo giai ma (bd loc tuong hop) va khdi quyét dinh la gibng

nhau cho tat ca ngudi dung. M6 hinh bo phat va b thu hé thong Multi-
code CDMA kiéu truyén Mary dugc miéu ta trén Hinh 3.9:
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BO phat
Ky tir dix liéu X
Khoi chon loc
bk,i —
(I<m<M )

Vi (n) — *

V,(n) |—Z.
Kénh truy&n

V(1)
V() M
Tap chudi m3
BS thu
cos (w,t) U ()
Vi(—n)
Vy(=n) Khoi | p,
X X | W
NG V(1) dinh
Vig (—n) :

BO loc phoi hop

Hinh 3.9 M6 hinh bd phét va thu hé thong Multi-code CDMA kiéu
truyén M-ary

Tai bo phat, mot trong s6 M chudi ma thong tin I’T’J’n(n) dugc chon tuy

thudc vao ky tu dir liéu M-ary. Chuoi ma nay s€ dugc nhan voi chudi ma

dic trung cho ngudi ding va mot hé sd bién do v Ex , phép nhan gitra hai

chudi mi dugc thuc hién theo kiéu chip-nhin-chip. Chudi két qua dugc

di€u ché va truyén ra ngoai kénh truyén.
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Tai bo thu, tin hiéu thu duoc giai diéu ché, nhan vé6i chudi dic trung
cho ngudi dung va dugc dua qua bd gidi ma la mdt bang cac bo loc tuong
hop cho cac chudi thong tin Vm(n) voi 1 <m <M . Mét don vi quyét dinh

s€ xac dinh chu6i nao da dugc gdi (do tim cuc dai) va cho ra ky tu dir li¢u

M-ary tuong Ung.
» M6 hinh Multi-code CDMA tong quit

Bo phat

Dif liéu by Wia 5. (1)

; Kh&idnh *
vionfi—» SIP | dir lliéffmza i ; :
1idp ' ' "
by

N Wim ‘ ;C}P_' ﬂcos(mﬂ +84)

L

g

Bo thu
Cu Tl )
i 'rdr T A Eo quy€t dinh H:
o L
kl -
Ty
v | Lo [BEquydtdmh | Waa b
[ote 0T » Ehdigidi 1 Dit liéu
fi@'—-@— dnh xa | P |—wnhin
T : : : mifdd ligu| 18 1iép
cos(a +86,) Cor Dy,
é (e Zor [B2 qu:rft dish | Wim_

Hinh 3.10 M6 hinh Multi-code CDMA tong quat

Nhu ta ¢ thé thdy & cac phan trudc, mot hé thong DS-CDMA gan
cho mdi ngudi ding mot ma trai phd, cac hé théng Multi-code CDMA kiéu
truyén song song va kiéu truyén M-ary gan cho mot nguoi ding mot tap
gém M chudi ma. Trong cac hé thong nay, chi mot phan hay toan bd cac

chudi ma cua ngudi dung duogc sit dung dé truyén tin trong mot chu ky ky
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tur dir 1iéu. M6 hinh Multi-code CDMA tong quat nay dugc miéu ta nhu &
hinh 3.10.

Ung v6i mo hinh Multi-code CDMA kiéu truyén song song, moi
ngudi dung duge gan M chudi ma, M chudi mi nay dugc sir dung dong
thoi dé trai rong M ludng dit liéu khac nhau c6 duogc sau khéi chuyén do6i
ndi tiép sang song song. Tuy nhién, Gtng v6i mé hinh Multi-code CDMA
kiéu truyén lya chon (mé hinh Multi-code CDMA kiéu truyén M-ary 1a
mot trudng hop dic biét cia mé hinh nay) chi mot tip con gdbm M' mi (M
< M ") 1a dugc truyén trong mot chu ky ky tu, tip con M' ma nay tuong
trung cho mot “tir ma” trong khong gian tir mi duogc hinh thanh do su két
hop cac kha ning c6 thé co cia M' chudi ma (co tinh dén cac chudi ma trai

dau). Vi vy, M' ma c6 thé hinh thanh nén mot khong gian tir ma vgi W =
y gg

r
2M (¥ o A e ea
( M’ ) tr ma khac nhau, moi tor ma tugng trung cho mot khoi dir li¢u

n
cu thé voi H = [ 1992 = W] bit, trong d6 (™) biéu thi s6 t hop dé chon n
tir m phan tir va [x] 1a s6 nguyén 16n nhat khong vuot qua x . Nhu vay:
- Khi M =M'= 1, m6 hinh tong quat twong tng v&i md hinh hé thong
DS-CDMA véi toc do dit liéu co ban 1a R.
- Khi 1 <M '< M, mb hinh tong quat trong tng vdi mo hinh hé théng
Multi-code CDMA kiéu truyén lua chon voi toc d6 dit liéu 1a HR .
- Khi M = M'> 1, mo6 hinh tong quat tuong Gng véi md hinh hé
thdng Multi-code CDMA kiéu truyén song song véi toc do dir liéu 1a

MR.

C. Hé thong MCMC CDMA
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« H¢ théng PMC-MC CDMA

Hé théng PMC-MC-CDMA (Parallel Multicode Multicarrier
CDMA) duoc xem nhu 1a sy két hop cua hé théng Multi-code CDMA kiéu
truyén song song va hé théng MC-CDMA. Khi mot nguoi ding can truyén
mot lué)ng dit 1iéu c6 toc d6 16n hon téc d6 co ban M lan thi hé théng s€
chuyén ludng dit liéu nay thanh M ludng dir liéu con, mdi ludng dit liéu con
bay gio duoc xem nhu 13 cua ting nguoi dung riéng biét. Mdi ludng dit lidu
con s€ duoc dua qua bo ma hoa kénh truyén, b0 tron va dugc nhan vé1 ma

trai rong co6 chiéu dai L. Mo1 ludng dit li€u con sau do6 s€ duoc diéu che da

séng mang va phat ra ngoai kénh truyén.

A op

Bomd
hda kénh

¥

B& mi

hda kénh

L

sam

B& mi
| hoa kénh

L
o]
=
-
=
O
=

Hinh 3.11 miéu ta sy tao tin hiéu roi rac cho hé théng PMC-MC-

CDMA tng véi nguoi ding k. Ludng dir lidu ky tu Ak ciia nguoi dung k co

tbc do gép M, lan toc d6 co ban, toc do cua 1u6ng dir ligu ky tu dy nay la

M /T,

VOl

Hinh 3.11 Su tao tin hiéu ro1 rac PMC-MC-CDMA

I

BG trén 4@7

T

o

YTy

kL

T

L

1a khoang thoi gian cua mét ky tu toc d6 co ban.

OFDM
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D¢ don gian khi phan tich trong cac phan ti€p theo s€ khong xét dén
cac bd ma hoa kénh va cac bd tron, ta c6 so do rut gon su tao tin hiéu roi

rac PMC-MCCDMA cho ngudi dung k nhu Hinh 3.12. Trong mdi khoing

tho1 gian Is 58 co Mk ky tu dir liéu cua ngudi dung k dugc truyén, khong
mat tinh tong quét su tao tin hiéu PMC-MC-CDMA sé& duoc mé ta cho M;

ky tu dir liéu cua nguoi dung tich cuc k M, ky tu dir li¢u cua nguoi dung

k duoc biéu dién dudi dang vector cot:

dy, _ (i1, iz, ) Greag, )" (3.13)
M,
\L . B§ chuyén n6i et
d, | Botraipho | ¢ N Y X
ef 7T k o tiépsangsong | . | OFDM |-“E—
g :
song .
SI(_.L

Hinh 3.12 So d6 rat gon cho su tao tin hi¢u ro1 rac PMC-MC-CDMA

Ta c6 thé théy sy khac nhau co ban gilta sy tao tin hi¢u PMC-

MCCDMA va MC-CDMA nim & bo trai phd. Trong hé théng PMC-MC-

CDMA, bo trai phé) s€ taora My, ma trai rong. BJ trai phé s€ nhan vector ky
tu dir liéu Ak véi ma tran ma trai rong cua nguoi dung k

C — Ci1,Cro2s s Copg)” (3.14)
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trong do Ciem (m=1,..., M k) 1a vector cOt ¢6 chiéu dai L = Ne bidu didn

mot ma trai rong trong tAp ma trai rong cuia ngudi dung thir k . Bo trai phd

c6 dang :

‘S'Ft _ Cﬁ:dk ] {:S.I,:_J_JSF:_.EJ "'JSFE,L]T (3.15)

« H¢ thong MMC-MC-CDMA

Hé théng MMC-MC-CDMA (M-ary Multicode MC-CDMA) 14 su
két hop nbi tiép ciia hé théng Multi-code CDMA kiéu truyén M-ary va hé

thdng MC-CDMA. Trong hé théng nay mdi nguoi ding c6 mot ma Cx

(chiéu dai L) dic trung cho ngudi ding va mot tap ma {Vm Mm|I<m <M}

chung cho tat ca nguoi dung (chiéu dai ciia mdi ma trong tap ma chung 1a

N). [6]

Ky ty dit li¢u M-ary -
Khoi chon loc

d
N (1<m < Mj)
1
Vl (ﬂ') — ~ A
v 9 Bo chuyén St
2(n) — BO trai nditiep | .
: de,n phé Sk,‘n sane song : OFDM ka
: n=1,2,..,N 2 2 n=1,2,".N
V,(n) — C song
m[ } : m k = Sk,'n,L
Vi, (1) [,

Tip chudi m3
Hinh 3.13 Su tao tin hi€u ro1 rac MMC-MC-CDMA
Hinh 3.13 miéu ta su tao tin hifu MMC-MC-CDMA 101 rac cho
ngudi ding k sir dung sy diéu ché BPSK. Khi nguoi dung k co toc do dix

lidu ga Eagz(Mk) lan toc @6 dir liu co ban (I/TS) thi trong mdi khoang
gap
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I

thoi gian ‘s khdi chon loc s& “4nh xa” mot ky tw M-ary twong tng véi log,

(Mﬁ:) bit théng tin vao mot trong s6 My i coa tap ma chung, tap My ma
nay dugc goi 1a tdp ma thong tin cho ngudi dung k. Chiéu dai N cua chudi

mi trong tAp ma chung 1a c¢b dinh véi cac gia tri khac nhau cua M k. vi vay
su thay d6i toc do ky tu dir liéu khong 1am thay d6i chiéu dai N cta chudi
mi hay téc d6 cta ludng bit di vao bo trai phd (N/TS) nhung n6 lam thay
dbi kich thude Mk cua tdp ma thong tin.

Khong mét tinh tong quat ta s& khao sat trong mot khoang thoi gian
I ¢ho nguoi dung tich cuc k, gid su ky tu M-ary dk twong ung véi J!G'g‘r?(

M k) bit thong tin trong khoang thoi gian nay dugc anh xa vao ma Var (n), N

bit cia ma Vak (1) sau d6 s& Ian lugt di qua bd trai phd. Vi mdi bit Yakn

(bit thr n cia ma de; n=1, 2, ..., N) di vao bg trai phé thi tai ngo ra bg trai
phé ta duwogc mot chudi co chidu dai L

— r_
Sﬁ:,ﬂ_ E‘S'Fc,n,l Sk,n,z S.H:,n,LJ - I?d,r{m CF.:

_ WamCen Van Gz - Vam Crn)” (3.16)

Chudi L gia tri phtic ndi tiép Skin qua bd chuyén doi S/P dé chuyén

thanh L gia tri song song di vao khdi OFDM. Ngo ra khéi OFDM sé& dugc
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dua qua khoi D/A, chuyén lén tan s6 song mang cao tan va phat ra ngoai

kénh truyén.

3.3. Khao sat tinh hinh trién khai LTE — Advanced trén thé gi¢i va &
Viét Nam

3.3.1 Tinh hinh trién khai LTE — Advanced trén thé giéi

Thang 3 ndm 2011, nha khai thac mang vién thong ctia Nhat 1a
NTT Docomo da thyc hién tht nghiém cac cong nghé chinh cua LTE-
Advanced. Docomo thyc hién thir nghi¢ém lién quan dén két hop bang tan,
stt dung 5 kénh 20MHz cho dudng xudng va 2 kénh 20MHz cho dudng
1én. Thém nira, thir nghiém ciing bao gém ca viéc sir dung cong nghé da
anten dau vao va dau ra cho ca dudng xudng va dudng 1én. Thir nghiém mo
phong nay cia NTT Docomo di dat dugc két qua toc dd 1Gbps cho dudng
xubng voi viée s dung 4 dngten tai tram gdc va 2 dngten trén mdi thiét bi
di dong (str dung 2 thiét bi di dong) va 200Mbps cho dudng 1én véi viée sir
dung 2 anten phat va 2 anten thu két hop véi két hop séng mang.

Thang 6 nam 2010, Alcatel-Lucent da thuc hién thtr nghi€ém cong
nghé truyén dan da diém phdi hop cia LTE-Advanced. Muc dich ctia cudc
thir nghiém 13 nhdm mé rong hiéu qua phd tan bién 6. Tin hiéu duong 1én
tr mot nguuoi st dung dugc nhan boi nhiéu 6. Su két hop nhat quan cua
cac tin hiéu duong lén duoc tap trung & mot don vi trung tam, goi la Nut B
phat trién LTE xu li trung tdm. Thong tin giita cac tram duoc trao doi thong
qua giao dién X2.

3.3.2 Kha ning trién khai LTE — Advanced & Viét Nam

Nén tang cho su phét trién cac hé thdng 2G/3G 1én 4G d6 1a su phat

trién cac mang 15i ctia hé théng thong tin di dong tai cac nha khai thac

mang & Viét Nam.
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Hau hét cac nha khai thic mang 16n ¢ Viét Nam nhu VinaPhone,
MobiFone, Viettel dang dan dan phét trién thanh phan mang 16i ciia minh
tr¢ thanh nhitng mang hoan toan dung IP. Hién nay giao thuc IP da dugc st
dung dén tan tram phat séng, Node B d3 dugc cdu hinh hoan toan IP (all
[Pnetwork). Hinh 4.1 m6 td mdt két ndi hoan toan IP thudc mang 101 cua

mot hé thong mang di dong.

M55

| [ 1e] | | Garz | | [ L | | GaNT |

Hinh 4.1 Két ndi mang 15i cho tong dai MSS/TSS mang VinaPhone

Tuy nhién dé cac mang di dong tai Viét Nam phat trién 1én 4G, dic
biét 1a LTE-Advanced thi can phai c6 mdt ching dudng thay doi va phat
trién rat dai. Hién tai c6 hai con duong phat trién 1én hé théng di dong 4G,
thir nhat d6 13 phat trién hé thong thong tin di dong 3G/HSPA+ hién tai 1én
mang LTE phat hanh 8 va 9, véi tu cach 1a hé¢ théng tiém can 4G nhung
cling c6 nhitng phat trién rat 1on vé téc do dit lidu cao. Mang LTE dang hira

hen mé ra mot co hoi tang luu luong thong qua cac tng dung di dong
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moéi.Theo ky vong thi LTE sé& dat téc do trung binh tir 50-100Mb/s. Pay 1a
mot su gia ting dang ké so vai cac hé thong 2G/3G va xa hon nita 1a giap
taing cudng dung luong truyén tai voi gid thanh thap hon tir d6 ting hiéu
qua truyén tai. Huéng phat trién thtr hai d6 1a tién thang 1én hé thong 4G
LTE-Advanced bo qua qua trinh phét trién 1én LTE phat hanh 8 va 9 voi

nhimg su thay d6i dang ké ca vé thiét bj 1an cong nghé.

Két luin chuong 3:

Qua nhitng cong nghé duoc st dung cing cic yéu cau then chét da
dat dugc nhu da néu ¢ chuong 3, ta nhan thé'ly LTE — Advanced chinh thtc
1a mot chudn cua hé théng thong tin di dong thé hé thir tu. Véi kha ning
truyén tai cao st dung bang tan 16n nd da dap ung duoc phan nao nhu cau
ctia con nguodi vé cac ung dung cua thong tin di dong. Viée ap dung cong
nghé LTE — Advanced la tt yéu va cap bach cua cic nha khai thac vién

thong.
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Cong nghé LTE — Advanced 1a mdt cong nghé con kha maoi, da va
dang duoc trién khai trén toan thé gidi. Tuy nhién, véi kha ning truyén tai
téc do cao sir dung bang tan hiéu qua, cing vdi nhiing yéu ciu ngay cang
tang vé chat luong va su da dang dich vu ngay cang trd nén rd rang nham
cung cép nhiing dich vu tdt nhat, thuan tién nhat cho khach hang. Nhu cau
s dung cac dich vu truy cdp Internet tbc d6 cao danh cho cac thiét bj di
dong s& ngay cang phat trién. Vi vdy nghién ctru vé LTE — Advanced sé& 1a

mot doi hoi thiét yéu, 1a co s¢ cho viée trién khai thuc té.

O Viét Nam v6i sy phét trién nhanh chéng va nhu ciu vé truyén tai
tdc d6 cao cua hé thong thong tin di dong, viéc nim bat cong nghé LTE —
Advanced 1a hét sirc can thiét, n6 dong vai tro quyét dinh cho budc phat

trién tiep theo cuia cac nha mang tai Viét Nam.



72

Tai liéu tham khdo
[1] Erik Dahlman, Stefan Parkvall, Johan Skold and Per Beming, “3G
Evolution HSPA and LTE Mobile Broadband”, Academic Press, 2007.

[2] Harri Holma, Antti Toskala (2009) , “LTE for UMTS — OFDMA and
SC-FDMA Based Radio Access”, John Wiley & Sons Ltd.

[3]Agilent Technologies (2009), “3GPP Long Term Evolution: System

Overview, Product Development,and Test Challenges.”

[4] Farooq Khan (2009), “LTE for 4G Mobile Broadband.: Air Interface

Technologies and Performance”, Cambridge University Press.

[5] C.Gessner (2008), “UMTS Long Term Evolution (LTE) Technology

Introduction”’, Rohde-Schwarz.

[6] Erik Dahlman, Stefan Parkvall and Johan Skold, “LTE/LTE —
Advanced for mobile broadband.”.

[7] Cac website tham khao :
www.vntelecom.org
www.dientucong nghe.net
www.wikipedia.org
www.3gpp.org

wWww.ieee.org



