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(57) Sang ché dé cap dén cac ky thuat khic nhau ma c6 thé duoc str dung dé truyén céc tin
hiéu trén co s& da hop phan chia theo tan sé truc giao (Orthogonal Frequency Division
Multiplexing - OFDM) qua cac dai con tan sd khac nhau ctia song mang da cho. Sang ché
c6 thé cho phép cac tin hi¢u trén co s¢ OFDM dé hd trg hiéu qua cac loai thong lugng khéc
nhau. Trong mot so phuong an, than s6 cua tin hiéu trén co s¢ OF DM phu thudc vao bang
thong cua dai con tan s6 ma cac tin hiéu trén co s OFDM duoc truyén qua d6. Trong mot
sO phuong an, céac tin hi¢u trén co s6 OFDM Ia cac tin hiéu OFDM da dugc loc (filtered
OFDM - f-OFDM), va bd loc s6 tao hinh xung dugc st dung dé tao ra cac tin hiéu f-
OFDM cho phép bo thu lam giam nhe su giao thoa giira cac tin hiéu f-OFDM lién ké khi
thu, nho d6 cho phép cac tin hiéu f~OFDM duoc truyén qua cac song mang lién tiép ma
khong dya vao dai tan bao vé.
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Linh vue k§ thut dwoe dé cap

Sang ché dé cap dén hé thong va phuong phap truyén théng khong day, va
cu thé 1a dé cap dén hé thong va phuong phap thiét ké dang song dé mé rong bang

thong hoat dong.

Tinh trang k§ thuit cia sang ché

Dé cung cép toc do thong lugng cao cho cac thiét bi di dong riéng lé va
nang cao thém cdng suét cta hé thdng, cac mang khong day thé hé tiép theo co
thé str dung su cap phét bang thong ma rong hon cac séng mang 20 triéu Hz (MHz)
duoc sir dung trong cac mang phat trién dai han (Long Term Evolution - LTE)
thong thuong. Trong mét sd trudng hop, su cap phat bang thong c6 thé vuot qué
100 MHz dbi véi cac séng mang c6 céc tan sb trung tdm dudi hodc trén 6 gigahec
(GHz). Do d6 can dén cac k§ thuat hd tro su cap phat bang thong 16n nay.

Mot k§ thuét lam ting thong luong 1a su két tp séng mang, ma st dung
nhiéu séng mang dé truyén dir liéu t6i thiét bi di dong don. Tuy nhién, su két tap
song mang da hop phén chia theo tan sb truc giao (Orthogonal Frequency Division
Multiplexed - OFDM) thong thudng st dung cac tan sé 14y mau c6 kha ning mo
rong va cac kich thudc phép bién déi Fourier nhanh (Fast Fourier Transform -
FFT), c¢6 nghia 1a su cap phat biang thong rong hon st dung cic tan s 14y mau
cao hon va céc kich thude FFT 16n hon, diéu nay lam ting muc d6 phic tap tinh
toan. Ngoai ra, su két tdp song mang OFDM thong thudng yéu cdu ring cic
khoang cach séng mang con giéng nhau duogc stir dung cho mdi trong sé cac séng
mang két tap. Do do, su két tp séng mang OFDM théong thuong c6 thé khong
pht hop cho su cip phat biang théng vuot qué 20 MHz.

Ban chit kj thudt ciia sang ché

Céc uu diém k¥ thuat duoc dat duoc boi cac phuong 4n cia sang ché, ma
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md ta hé théng va phuong phap thiét ké dang song dé mé rong bang thong hoat
dong.

Theo mot phuong an cua sang ché, c6 dé xuét phuong phap truyén cac tin
hiéu. Trong vi du nay, phuong phap nay bao ¢dm budc truyén tin hiéu trén co s&
da hop phéan chia theo tan s6 truc giao (OFDM) thit nhét qua dai con tan s6 tha
nhét ctia séng mang va tin hiéu trén co s6 OFDM tht hai qua dai con tan s6 thu
hai cua séng mang. Dai con tan so thir nhat c6 bang thong thir nhét va than sb thi
nhit dua vao bang thong thir nhat. Dai con tan sb thi hai c6 bang thong thit hai
va thin sb thir hai dua vao bang thong thir hai. Ngoai ra, phuong an nay ciing dé
xudt thiét bi dé thuc hién phuong phép nay.

Theo phuong an khac cua sang ché, c6 dé xuat phuong phap thu céc tin
hiéu. Trong vi du nay, phuong phap nay bao gbm budc thu tin hidu trén co s& da
hop phéan chia theo tan sd truc giao (OFDM) thir nhét qua dai con tan s thir nhét
cua séng mang va tin hiéu trén co s6 OFDM thtr hai qua dai con tan s6 tht hai
clia song mang. Dai con tan s6 tha nhit c6 bang théng thr nhét va than s6 thu
nhét dua vao bang thong thir nhét, dai con tin sb thir hai ¢6 bang thong thi hai va
than s6 thir hai dua vao bang thong thir hai. Ngoai ra, phuong 4n nay cling dé xuét

thiét bi dé thuc hién phuong phép nay.
M0o ta van tat cac hinh vé

Dé hiéu rd hon vé sang ché, va cac uvu diém cua sang che, bay gio sang che
duoc mo ta mot cach chi tiét ¢d dua vao céac hinh vé kém theo, trong do:

Fig.1 minh hoa so d6 ctia mang khong day theo mdt phuong 4n cla sang
ché;

Fig.2A va Fig.2B la céc so d6 mo ta céc tin hiéu OFDM da duoc loc (f-
OFDM) duogc tao ra nhu thé nao;

Fig.3A va Fig.3B la cac so d6 bd sung md ta cac tin hidu f-OFDM duoc tao

ra nhu thé nao;

Fig.4 1a luu d6 cua phuong phap truyén théng cac tin hiéu f~OFDM theo
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sang ché;

Fig.5 12 so do cta dinh dang két hop séng mang OFDM thong thuong;

Fig.6 la so dd khac ctia dinh dang két hop séng mang OFDM thong thuong;

Fig.7 la so dd cua dinh dang séng mang m& rong OFDM thong thuong;

Fig.8 14 so do clia cac tin hidu fFOFDM dugc truyén qua cac dai con tan so
lién tiép;

Fig.9 12 so dd khac cua cac tin hiéu f-OFDM dugc truyén qua cac dai con
tan sb lién tiép;

Fig.10 13 so dd cua tap hop céc loai séng mang dinh trude dung cho hé
théng truyén thong di dong;

Fig.11 1a so d6 cta dinh dang két hop séng mang f-~OFDM theo sang ché;

Fig.12 1a so db cua dinh dang két hop séng mang f-OFDM khéc theo sang
ché;

Fig.13 1a so dd cua dinh dang két hop séng mang f-OFDM khic nita theo
sang ché;

Fig.14 la so d6 cta dinh dang két hop séng mang f-OFDM khac nita theo

sang che;

Fig.15 1a so dd cua tap hop céc loai séng mang dinh truéc dung cho hé

thdng truyén thong séng milimet (millimeter wave - mmW);

Fig.16 1a so do ctia tip hop céc loai dai con dinh truée dung cho hé théng

truyén théng mmWw;

Fig.17 12 so dd ctia dinh dang két hop séng mang f-OFDM khAac nita theo

sang cheé;

Fig.18 12 so d6 ctia dinh dang két hop séng mang f-OFDM khac nita theo

sang che;

Fig.19 13 so db ctia hé théng xtr 1y theo mdt phuong 4n cua sang ché; va
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Fig.20 la so dd cua bo thu phat theo mot phuong an clia sang ché.

Céc s6 chi dan va céac ky hiéu tuong tng trén cac hinh v& khac nhau thuong
1a cdc bo phén tuong Ung trir khi c6 chi dan khéc. Céc hinh v& minh hoa 13 céc
khia canh lién quan cta cac phuong én va khong nhét thiét phai dugc vé theo quy

~

mo.
MO ta chi tiet sang che

CAu tric, viéc san xuét va st dung su dung cac phuong an cua sang ché
duge mo ta mot cach chi tiét dusi day. Tuy nhién, cin phai hiéu ring, séng ché
dua ra nhidu khai niém sang tao c6 thé img dung dugc ma c6 thé dugce thé hién
trong céc ngit canh cu thé. Cac phuong 4n cu thé duoc néu chi nhdm muc dich
minh hoa cac cach cu thé dé tao ra va str dung sang ché, va khong gidi han pham
vi ctia sang ché. Nhu dé dé cap ¢ day, dai con tan sd c6 thé bao gdom séng mang
hoan toan, hodc modt phan cla séng mang. Vi vay, cac dai con tan s6 khac nhau
c6 thé 1a cac séng mang khac nhau, ho#c cac phan ctia cling séng mang.

Nhu d3 néu trén, su két tip song mang OFDM thong thuong st dung céc
tan s6 ldy mau c6 kha nang mé rong va cac kich thuée FFT. Do do, su két tap
song mang OFDM thong thuong cé thé khong phu hop cho su cap phat bang
thong vuot qué 20 MHz, khi cac tan s6 14y mau cao va cac kich thuéc FFT lén
duoc yéu cu hd tro su cap phat bang thong 16m nay c6 thé tang dang ké muc do
phuec tap thuc hién cua su két tap song mang OFDM thong thuong. Ngoai ra, sy
két tap song mang OFDM théng thudng yéu cAu ring céc tham s 16p vat 1y giéng
nhau duoc st dung dé truyén céc tin hiéu OFDM qua séng mang da cho. Tap hop
céc tham sb 16p vat 1y duogc sir dung dé truyén tin hiéu duoc goi chung la “than
s6” (numerology) ctia tin hiéu, va c6 thé bao gdm su két hop, hoic tap hop con,
cua khoang thoi gian truyén (Transmission Time Interval - TTI) dugc st dung dé
truyén tin hiéu, khoang biéu tuong cua cac biéu tuong dugc mang bdi tin hiéu, do
dai tién t6 tudn hoan (Cyclic Prefix - CP) cua céc biéu tuong duge mang boi tin
hiéu, va/hoac khoang cach song mang con gitta cac tan sd séng mang con ma tin

hiéu duogc truyén qua d6. Cac tham s6 16p vat 1y khac nhau c¢6 thé thich hop hon
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cho viéc truyén cac loai thong luong khéc nhau. Vi du, TTI ngén c6 thé 1am giam
dd tré va do d6 thich hop hon cho théng luong nhay trd. TTI dai c6 thé lam giam
phi tén bao hiéu 1ap lich biéu va do d6 thich hop hon cho théng lugng chiu tré.
B&i vi su két tap song mang OFDM thong thuong sir dung ctng than sb cho tat
ca tin hiéu duogc truyén qua séong mang da cho, mang va/hodc nguoi dung co thé
nhéan ra su giam tinh nang va/hoac hiéu qua sir dung bang thong khi sy két tap
song mang OFDM thong thuong dugc st dung dé chuyén céc loai thong lugng
khac nhau qua cung song mang. Hon nira, su két tap song mang OFDM thong
thudong dua vao dai tAn bao vé ma it nhat 1a ndm muoi lan ctia khoang cach song
mang con dé 1am giam nhe su giao thoa gitra song mang, ma thém phi ton dang
dang ké cho cac tin hiéu. Do d6, mong mudn c6 lya chon higu qua cho su két tap
song mang OFDM thong thuong.

Céc phuong 4n ctia sang ché st dung céc than s6 khac nhau dé truyén cac
tin hiéu f-OFDM hodc cac tin hiéu da truy cap phén chia tan sé song mang don
(Single Carrier Frequency Division Multiple Access - SC-FDMA) qua cac dai con
tan sb khac nhau cua séng mang dé cho, ma cho phép cac tin hidu f-~OFDM hoic
SC-FDMA hd tro hiéu qua thong luong khac nhau. Vi duy, thong luong nhay tré
(vi du, giong ndi, tro choi di dong) co thé duoc truyén qua tin hiéu f~-OFDM vé1
TTI twong dbi ngén dé lam giam thoi gian cho, va thong lugng chiu tré (vi duy, thu
dién tr, cac thong béo vian ban) ¢6 thé dugc truyén qua tin hiéu f-OFDM véi TTI
turong dbi dai dé ning cao hiéu qua str dung biang thong. Ngoai ra, bd loc s6 tao
hinh xung dugc st dung dé tao ra céc tin hiéu f-OFDM c6 thé cho phép bo thu
lam giam nhe sy giao thoa gilta céc tin hiéu f~-OFDM lién ké khi thu, nhd d6 cho
phép cac tin hi¢u f~-OFDM dugc truyén qua cac séng mang lién tiép ma khong
dua vao dai tan bao veé. Trong mot s6 phuong an, than s cua tin hiéu f-OFDM
hoac SC-FDMA phu thudc vao bang thong cia dai con tan s ma tin hiéu f~OFDM
hoac SC-FDMA duoc truyén qua do6. Vi dy, cac tin hiéu f~-OFDM/SC-FDMA
duoc truyén qua céc dai con tan sb réng hon ¢6 thé thuong cé céc khoang cach
song mang con rong, cac khoang biéu tuong ngan, cac do dai TTI ngan hon va

c4c tién td tuan hoan ngén hon cac tin hiéu f~-OFDM/SC-FDMA dugc truyén qua
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cac dai con tan sd hep hon. Vi dy, céc tin hiéu f~OFDM/SC-FDMA duoc truyén
qua céc dai con 20 triéu Hz khac nhau (MHz) c6 thé ¢6 cac than s6 khac nhau.
Céc khia canh nay va cdc khia canh khac dugc gidi thich chi tiét hon dudi day.
Trong khi nhiéu khia canh cta séng ché mé ta cac phuong an dé truyén cac tin
hidu f-OFDM, can phai hiéu rang, cac phuong an nay cling c6 thé duoc img dung

dé truyén cée tin hiéu trén co sé OFDM bit ky, bao gém céc tin hiéu SC-FDMA.

Fig.1 12 so d6 ctia mang khong day 100 dé truyén dir liéu. Mang khong day
100 bao gém tram gdc 110 cé ving phi séng 101, cac thiét bi di dong 120, va
mang backhaul (dudng truc) 130. Nhu d& dugc thé hién, tram gde 110 thiét 1ap
chc két néi dudng 1én (dudng nét dut) va/hodc dudng xudng (dudng chdm chédm)
v6i céc thiét bi di dong 120, ma mang dit liéu tir cac thiét bi di dong 120 téi tram
gbc 110 va ngugc lai. Dit liéu duge mang qua céc két ndi duong lén/dudng xudng
¢6 thé bao gom dir liéu duoc truyén gitta cac thiét bi di dong 120, cling nhu dit
liéu duoc truyén tr/téi dau tir xa (khoéng dugc thé hién) nho mang backhaul 130.
Nhu duoc st dung ¢ day, thuat nglt “tram gbc” 1a bd phan bat ky (hoic tap hop
céc bd phan) duoc tao cau hinh dé tao ra truy cap khong day véi mang, nhu NodeB
ci tién (evolved NodeB - eNB), 6 macr6, 6 cuc bo, diém truy cap (Access Point
- AP) Wi-Fi, hodc cac thiét bi khong day khéac chang han. Céc tram gbc co thé tao
ra su truy cap khong day theo mot hodc nhiéu giao thirc truyén théng khong day,
vi du, phat trién dai han (LTE), LTE cai tién (LTE-A), truy cdp géi tbc do cao
(High Speed Packet Access - HSPA), Wi-Fi 802.11a/b/g/n/ac. Nhu duoc su dung
& day, thuat ngit “thiét bi di dong” 1a bo phan bat ky (hogc tap hop cac bd phan)
¢6 kha nang thiét 1ap két ndi khong day véi tram gbc. Cac thuat ngit “thiét bi di
dong”, “thiét bi nguoi dung (User Equipment - UE)”, va “tram di dong (STA)”
duoc str dung thay thé cho nhau xuyén sudt ban md ta. Trong mot sé phuong an,
mang 100 c6 thé bao gdbm cac thiét bi khong day khéc, nhu cac role, cac nit cong

suét thap, v.v. chang han.

Céc tin hiéu f-OFDM dugc tao ra béng cach 4p dung bo loc s6 tao hinh

xung cho cac tin hiéu OFDM. Céc b6 loc s6 tao hinh xung dugc st dung dé tao
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ra cac tin hiéu f~-OFDM dugc goi la cac bd loc f~-OFDM xuyén subt ban mo ta.
Fig.2A 1a so dd thé hién cac tin hiéu f-fOFDM duoc tao ra br?mg cach 4p dung céc
bd loc f~OFDM 201, 202 cho céc tin hiéu OFDM 210, 220 nhu thé nao. Nhu da
duoc thé hién, tin hiéu OFDM 210 m& rong dai con tan s6 N Hz (MHz), va tin
hiéu OFDM 220 mé rong dai con tan s M MHz, trong d6 N va M 1a cac s6
nguyén duong, va N 1a 16n hon hodéc bang M. Fig.2B 14 so dd thé hién cac tin hiéu
f~OFDM 211, 221 ma thu dugc tir viéc 4p dung céac bd loc f~OFDM 201, 202 cho
céc tin hiéu OFDM 210, 220. Trong mét sb phuong 4n, cac bd loc -OFDM 201,
202 tao ra cac tin hiéu f~OFDM c6 céc than s6 khac nhau, trong d6 truong hop
ma tin hiéu f~-OFDM 210 va tin hiéu f~-OFDM 220 c6 cac than s6 khac v&i tin hiéu
f2OFDM khéc. Céc than sb ctia cac tin hiéu f-OFDM 211, 221 ¢6 thé lan lugt phu
thudc vao bang thong cua dai con tan s6 N MHz va dai con tan s6 M MHz.

Trong mdt sé phwong an, bo loc f-OFDM don c6 thé duoc st dung dé tao
ra nhiéu tin hiéu -FOFDM. Fig.3A 14 so dd thé hién cach ma céc tin hiéu f~OFDM
duoc tao ra béng cach ap dung cac bd loc f-OFDM 301, 302 cho céc tin hiéu
OFDM 310, 320, 330, 340, 350. Fig.3B 14 so db thé hién cac tin hiéu -OFDM
311, 321, 331, 342, 352 ma thu dugc tur viéc ap dung céc bo loc f~-OFDM 301,
302 cho cac tin hiéu OFDM 310, 320, 330, 340, 350. Cu thé 13, cac tin hiéu f-
OFDM 311, 321, 331 duoc tao ra béng cach ap dung bd loc f~-OFDM 301 cho céac
tin hiéu OFDM 310, 320, 330 (m0t cach twong Gng), va céc tin hi¢u {~-OFDM 342,
352 duoc tao ra béng cach ap dung bo loc f~OFDM 302 cho céc tin hiéu OFDM
340, 350 (mot cach tuong ung). Céc tin hiéu F-OFDM duogc tao ra tir cing bo loc
f-OFDM c6 thé ¢6 cing than sb. Vi vdy, céc tin hiéu f~-OFDM 311, 321, 331 ¢6
than s6 giéng véi tin hiéu khac, trong khi cac tin hiéu f~-OFDM 342, 352 ¢o than
$6 giéng voi tin hiéu khéc. Céc tin hiéu F-OFDM duoc tao ra tir cac bo loc f-
OFDM khéc nhau c6 thé c6 céc than sé khac nhau. Vi vay, cac tin hi¢u f~-OFDM
311,321, 331 c6 thé c6 than so khac véi céc tin hiéu f-OFDM 342, 352.

Fig.4 1 luu d6 cua phuong phap 400 theo sang ché dé truyén céc tin hiéu
fLOFDM c6 céc than sb khéc nhau qua céc dai con tan s khac nhau, nhu co thé

duoc thuc hién béi thiét bi diém truyén. Thiét bi diém truyén co thé 1a thiét bi bat
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ky ma truyén cac tin hiéu khong day, bao gbm cac thiét bi phia mang (vi dy, céc
tram gbc) va thiét bi phia ngudi dimg (vi du, cac UE). O buée 410, thiét b diem
truyén tao ra tin hiéu f~OFDM tht nhét bang cach ap dung bd loc f-OFDM thu
nhét cho tin hidu OFDM thtt nhat. O budc 420, thiét bi diém truyén tao ra tin hiéu
f-OFDM th( hai bang cach ap dung bd loc f-OFDM thir hai cho tin hiéu OFDM
thtr hai. O bude 430, thiét bi didm truyén truyeén tin hiéu f~OFDM thtt nhét qua
dai con tAn sd tht nhét, trong khi truyén tin hiéu f-OFDM tht hai qua dai con tan
56 thir hai. Dai con tin sb tht nhét c6 bang théng khéc véi dai con tan s6 th hai.
Trong mdt s phuong 4n, cac tin hiéu f-OFDM c6 céac than sb dua vao bang thong
ctia cac dai con tan sb tuong ing ma céc tin hiéu -OFDM dugc truyén qua do,
trong d6 trudng hop ma tin hiéu f~OFDM thi nhét c6 than s6 khac véi tin hidu f-
OFDM thtr hai.

Su két tip séng mang OFDM thong thuong truyén dit liéu t6i UE don qua
nhiéu séng mang dé 1am ting tong thong luong duoc cap t61 UE. Su két tap séng
mang OFDM thong thuong cling co thé truyén dit liéu t6i nhidu UE qua nhiéu
song mang dé ning cao cong suat ctia hé thdng. Nhu da néu trén, su két tap song
mang OFDM théng thuong st dung cting than s6 dbi vai cac tin hidu duoc truyén
qua mdi séng mang, va yéu cau rang cac séng mang lién tiép duoc tach boi dai
tAn bao vé ma it nhat la nAm muoi 1an cta khoang cach séng mang con twong ting
dé lam giam nhe sy giao thoa gitta cac tin hidu OFDM duéi ngudng. Fig.5 14 so
dd cua cac tin hiéu OFDM 510, 520 duoc truyén qua cac song mang K MHz lién
tiép (K 14 sé nguyén) theo so dd két tap song mang OFDM thong thuong. Nhu da
duoc thé hién, cac song mang K MHz 1a c4c séng mang lién tiép trong mién tan
sd, va duoc tach boi dai tan bao vé 515. Su két tap séng mang OFDM thong
thuong yéu cau rang dai tn bao vé 515 it nhat 12 ndm muoi 1an ctia khoang cach
séng mang cua cac song mang K MHz. Dai tan bao vé 515 lam giam nhe su giao
thoa gitta cac tin hiéu OFDM 510, 520. Kich thuéc tuong d6i cua dai tan bao vé
515 phu thudc vao bang thong cua cac song mang K MHz. Vi du, cac song mang
1,25 triéu Hz (MHz) OFDM c6 thé dugc tach boi dai tan bao vé ma la ndm muoi

hai lan cua khoang cach song mang con cua cac song mang 1,25 MHz, va cac
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song mang OFDM bing thong 16n hon (vi dy, 2,5 MHz, 5 MHz, ... 20 MHz) ¢6
thé duoc tach boi dai tan bao vé rong hon twong tng. Su két tap song mang OFDM
thong thuong thuong yéu cdu rang céc tin hiéu OFDM 510, 520 duoc truyén bang
cach st dung cac than sb gidng nhau. Céc than sb dbi véi cac tin hieu OFDM
dugce truyén bang cach str dung su két tap song mang OFDM thong thudng dugc

liét ké trong bang 1 dudi day:

Bang 1
Bang thong kénh (MHz) | 1,25 2,5 5 10 15 20
Khoang khung (ms) 10
Khoang khung con (ms) 1
Khoang cach song mang 15
con (kHz)
Tan s6 14y mau (MHz) 1,92 | 3,84 | 7,68 | 1536 | 23,04 | 30,72
Kich thuéc FFT 128 256 512 1024 | 1536 | 2048
Cac song mang con 76 151 301 601 901 1201
chiém gilt (sobng mang
con inc. DC)
Céc song mang con bao 52 105 211 423 635 847
veé
S6 lugng céc khoi tai 6 12 25 50 75 100
nguyén
Bing thong kénh chiém 1,140 | 2,265 | 4,515 | 9,015 | 13,515 18,015
giltt (MHz)
Hiéu qua bang thong DL | 77,1% | 90% | 90% | 90% | 90% | 90%
Céc biéu tuong 7/6 (CP ngén/dai)
OFDM/khung con
Do dai CP (CP ngén) (us) | 5,2 (biéu tuong thi nhat)/4,69 (sédu biéu tugng

dudi day)

Do dai CP (CP dai) (ps) 16,67

Su két tap song mang OFDM thong thuong ciing ¢ thé truyén dit liéu qua
céc song mang khong lién tiép. Fig.6 1 so dd cta céac tin hiu OFDM 610, 620
duoc truyén qua cac séng mang K MHz khong lién tiép (K 1a s6 nguyén) theo so

d6 két tap song mang OFDM thong thuong. Twong tu véi céc tin hieu OFDM
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dugc truyén qua cac séng mang lién tip, su két tap song mang OFDM thong,
thudng yéu cdu rang cac tin hieu OFDM 610, 620 dugc truyén qua cac séong mang

khong lién tiép str dung cac than sb gidng nhau.

Mot lua chon dbi véi su két tap song mang OFDM théng thuong la dé
truyén tin hiéu OFDM qua séng mang md rong c6 bang thong ma vuot qua 20
MHz, ma la bang thong song mang 16n nhét ¢ san trong cac mang phat trién dai
han thé hé tht tu (LTE). Fig.7 1a so dd cua tin hiéu OFDM 710 dugc truyén qua
song mang L MHz (L 1a s6 nguyén 16n hon 20). Mic du cach tiép can nay tranh
duoc phi tdn duoc két hop voi dai tan bao vé duoc str dung trong su két tap song
mang OFDM thong thuong, truyén tin hiéu OFDM qua séng mang mé rong (vi
du, 16n hon 20 MHz) cling c6 céc han ché, nhu can ¢6 tan s léy mau cao hon va
kich thuéc bién ddi Fourier nhanh (FFT) 16n hon chang han. Ngoai ra, tin hiéu
OFDM duoc truyén qua séng mang mo rong van sé& sir dung than sé don déi véi
tat ca dit liéu duoc mang boi tin hiéu OFDM, va do d6 s& c6 hiéu qua va/hodc tinh

nang st dung bang thong giam khi mang céc loai thong lugng khac nhau.

Cac phuong an cua sang ché truyén céc tin hiéu f-OFDM qua c4c dai con
tan s lién tiép ma duoc tach boi dai tan bao vé ma nhé hon hai muoi lan cua
khoang cach séng mang cua mdt trong cac song mang. Fig.8 1a so dd ctia cac tin
hiéu f-OFDM 810, 820 duoc truyén qua cac dai con tan sd lién tiép ma dugc tach
béi dai tin bao vé 815 ma nho hon hai muoi lan cua khoang cach song mang clia
mdt trong cc dai con tan sd. Trong mdt phuong 4n cla sang ché, dai tan bao vé
815 1a nhé hon hodc bang muoi 1an cua khoang cach séng mang con ctia mt trong
cac tin hiéu f~OFDM 810, 820. Trong mot phuong an khéc cua sang ché, dai tan
bao vé 815 la nhé hon hodc bang nam lan cta khoang cach séng mang con cia
mot trong cac tin hiéu f~OFDM 810, 820. Theo mot phuong an khac nira cua sang
ché, dai tAn bao vé 815 1a nho6 hon hodc bing ba lan ctia khoang cach séng mang
con ciia mot trong cac tin hiéu f~-OFDM 810, 820. Theo mdt phuong an khac nita
cta sang ché, dai tan bao vé 815 1a it hon hoic bang khoang cach séng mang con

ctia mot trong cac tin hiéu f~-OFDM 810, 820.
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Céc tin hiéu OFDM 810, 820 c6 thé dugc truyén t6i ciing bo thu (vi du,
cung UE) hodc t6i cac bo thu khac nhau. Céac dai con tan s6 twong tmg ma cic tin
hiéu f~-OFDM 810, 820 dugc truyén qua dé co thé c¢6 khoang cach séng mang
gidng nhau hozc cac khoang cach séng mang khac nhau. Khi cac dai con tan sb
twong tmg cé cac khoang cach song mang khac nhau, dai tan bao vé 815 1a nho
hon hai muoi 1an cua hai khoang cach song mang rong hon. Trong mot s6 phuong
4n, dai tan bao vé 815 cling nho hon hai muoi lan cua sy hep hon ctia hai khoang
cach song mang. Theo cac phuong 4n khac, dai tan bao vé 815 nho hon su rong
hon cta hai khoang cach séng mang, nhung 1én hon hai muoi 14n cta su hep hon

cua hai khoang cach song mang.

Céc phuong an cua sang ché truyén céc tin hiéu f-~OFDM qua cac déi con
tin sb lién tiép ma khong duoc tach boi dai tin bao vé. Fig.9 1a so dd ctia céc tin
hiéu f~OFDM 910, 920 duoc truyén qua cac dai con tan s6 lién tiép ma khong
duoc tach boi dai tin bao vé. Cac tin hiéu f-OFDM 910, 920 c6 thé duge truyén

tGi ctng bo thu hodc tdi cac bo thu khéac nhau.

Trong mdt s6 phuong 4n, cac tin hiéu f-OFDM dugc truyén qua cic song
mang két tdp. Trong cac phuong 4n nay, c6 thé c6 tap hop cac bang thong séng
mang dinh truée dbi voi mang khong day, véi mdi bang thong séng mang c6 mot
hodc nhiéu than sb dinh trude. Fig.10 12 so do cta tap hop cac loai séng mang
dinh trudc 1000 dung cho hé thong truyén théng di dong. Trong vi du nay, tap
hop céc loai song mang dinh truée 1000 bao gbm loai séng mang thir nhét (Type-
1) véi bang thong 2,5 MHz, loai song mang tht hai (Type-2) v6i bang thong 5
MHz, loai séng mang th(r ba (Type-3) vdi bang thong 10 MHz, va loai song mang
thtt tu (Type-4) véi bing théng 20 MHz. Cac vi du khac 14 ciing c6 thé. Céc than

sd dbi voi tap hop cac loai séng mang dinh trude 1000 duoc liét ké trong bang 2.

Bang 2
Khoang cach SC
(kHz) 751 7,5 | 75 7,5 15 30 60 120
Bang thong song
mang (MHz) 2,5 5 10 15 20 20 20 20
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. N e B —— SR

S0 luong cac song | 300 | 00 | 1200 | 1800 | 1200 | 600 | 300 | 150
mang con

Kich thuée FFT 512 | 1024 | 2048 | 2048 | 2048 | 1024 | 512 | 256

Tan s0 lay mau 3,84 | 7,68 | 15,36 | 15,36 | 30,72 | 30,72 | 30,72 | 30,72
(MHz)

Céc hinh v& tu Fig.11 dén Fig.14 13 c4c so dd cta cac dinh dang két hop
song mang f~OFDM khéc nhau dugc tao ra tlr tdp hop céc dai song mang dinh
trude 1000. Fig.11 1a so dd cua dinh dang két hop séng mang 100 MHz f-OFDM
ma bao gébm nam séng mang 20 MHz ma lién tiép trong mién tan sb. Fig.12 1a so
dd cua dinh dang két hop séng mang 100 MHz f-OFDM ma bao g6m bdn song
mang 20 MHz, mdt song mang 10 MHz, va hai séng mang 5 MHz ma lién tiép
trong mién tan sd. Fig.13 14 so dd cta dinh dang két hop séng mang 150 MHz f-
OFDM ma bao gém sau song mang 20 MHz va ba séng mang 10 MHz ma lién
tiép trong mién tan sb. Fig.14 1a so d cta dinh dang két tip song mang 200 MHz
f~OFDM ma bao gdm mudi séng mang 20 MHz ma lién tiép trong mién tan so.
Dinh dang két hop céc séng mang f-OFDM theo séng ché c6 thé bao gdm su két
hop bt ky ciia cac soéng mang dinh trude. Vi dy, dinh dang két tap song mang 50
MHz f-OFDM c6 thé két tap hai bang thong 20 MHz véi bang thong 10 MHz.
Cac phuong an cua sang ché cling co thé 13 céc song mang véi cac dai tan khac
nhau va/hodc cdc than s, song mang 40 MHz. Trong mot s6 phuong an, dat dugc
su két tap song mang f-OFDM bang cach két tip nhiéu séng mang c6 cling than
50.

Fig.15 1a so dd cua tap hop céc loai song mang dinh trude 1500 ddi voi hé
théng truyén thong séng milimet (mmW). Trong vi du nay, tap hop céac loai séng
mang dinh truée 1500 bao gdm loai song mang mmW thir nhét (Type-1) véi bang
thong 1 GHz, va loai séng mang mmW tht hai (Type-2) v6i bang thong 2 GHz.
Tiéng dn cua pha c6 thé 1a hé s6 duoc st dung dé x4c dinh khoang céach séng
mang trong cac bang tan mmW. Khoang cach séng mang tir 600 KHz dén 10 MHz
6 thé dugce st dung cho céc bang tdn mmW va/hodc cac dai con tan sb tir 6 GHz
dén 100 GHz. Theo mdt phuong 4n clia sang ché, khoang cach séng mang c6 thé

md& rong dat dugc bang cach st dung khoang cich séng mang con 1,2 MHz cho

-13-



33796

cac dai con tan sb gitta 6GHz va 28GHz, khoang cach séng mang con 4,8 MHz
cho cac dai con tan sb giita 28 GHz va 50 GHz, va khoang cach séng mang con
9,6 MHz cho céc dai con tan sd gitra 50 GHz va 100 GHz. Céc vi du khéc la cling
c6 thé. Céc than s ddi véi tap hop cac loai séng mang dinh trude 1500 duoc liét

ké trong bang 3.

Bang 3
?élr;i )théng song mang 1 5 1 5 1 5
Khoang cach SC (MHz) 1,2 1,2 4,8 48 | 9,6 | 96
S6 lugng cac song mang con | 750 1500 | 187,5 375 193,75 |187,5
Kich thuéc FET 1024 | 2048 | 256 | 512 | 128 | 256
Tén sb lay mau (MHz) 1228.8 | 2457,6 | 1228,8 | 2457,6 |1228,82457,6

Trong mdt s6 phuong an, cac loai song mang mmW duoc phan manh thanh
céc dai con tan sb c¢6 biang thong nho hon cac loai song mang mmW duge md ta
trén Fig.15. Fig.16 14 so d6 ctia tap hop cac dai con tan s dinh trudc 1600 ding
cho hé théng truyén thong mmW. Trong vi du nay, tp hop céc dai con tan s6 dinh
truée 1600 bao gom loai dai con mmW thtr nhét (Type-1) v6i bang thong 200
MHz, loai dai con mmW th hai (Type-2) v6i bang thong 400 MHz, va loai dai
con mmW thir ba (Type-3) v6i bang thong 800 MHz. Cac than s6 di voi tap hop

céc dai con tan sb dinh trudc 1600 duoc liét ké trong bang 4.

Bang 4
Bang thong dai con (MHz) 200 400 400 800 800
Khoang cach SC (MHz) 1,2 1,2 4.8 4.8 9,6
S6 luong cac sdng mang con 150 300 75 150 75
Kich thudc FFT 256 512 128 256 128
Tan s6 1ay mau (MHz) 307,2 | 6144 | 614,4 | 1228,8 | 1228,8

Can phai hiéu rang, cac than so va cac bang thong dai con dugc liét ké trong

cac bang tir 2 dén 4 dugc dua ra dudi dang vi duy, va cac phuong an cua sang ché
c6 thé sir dung céc than so va’hodc cac bang thong dai con ma khong dugc liét ké

rd rang trong cac bang d6. Cing can hiéu rang, cac bang thong cé thé dugc phan
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manh thanh hai dai con, ma mdi dai con c6 thé 4p dung céc than s6 khac nhau.

Fig.17 vaFig.18 la cac so dd ctia cac dinh dang két hop séng mang f-OFDM
khac nhau dugc tao ra tir tap hop céc loai dai con dinh trudc 1600 duge md ta trén
Fig.16. Fig.17 la so d6 cua dinh dang két tap dai con 2 GHz f~-OFDM ma bao gom
nam dai con 400 MHz. Fig.18 14 so db cua dinh dang két tap dai con 2 GHz f-
OFDM ma bao gdm bén dai con 400 MHz va hai dai con 200 MHz.

Trong mot s6 hé thdng truyén théng séng milimet, cac than s6 c¢6 thé dua
vao khoang cach sobng mang con. Cac than s6 d6i véi vi du duoc liét ké trong bang

5.

Bang 5

Khoang cach SC (MHz) 1,2 4.8 9,6
Khoang biéu tuwong hitu ich (us) 0,8333 | 0,208 | 0,104
D6 dai CP (is) 0208 | 0052 | 0026
S6 luong biéu tuong trén TTI 48 192 384
TTI (ps) 50 50 50
Phi ton CP 20,00% | 20,00% | 20,00%

Fig.19 1a so d6 khéi ctia hé théng xir Iy theo mot phuong an cua sang ché
1900 dé thuc hién phuong phap dugc md ta & day, ma co thé duogc cai dat trong
thiét bi may chi. Nhu da duoc thé hién, hé théng xi ly 1900 bao gom bd xu 1y
1904, bb nhé 1906, va céc giao dién tir 1910 dén 1914, ma c6 thé (hogc c6 thé
khong) dugc bé trf nhu duoc thé hién trén Fig.19. Bo xir Iy 1904 ¢6 thé 1a bd phan
bt ky hoc tap hop céc bd phan duoc lam thich tng dé thuc hién tinh toan va/hodc
che cong vide lien quan dén xtt 1y khéc, va bd nhd 1906 c6 thé 1a b phan bat ky
hoic tap hop cac bd phéan duoc lam thich tmg dé luu trix chuong trinh va/hodc cac
[énh dé thuc hién boi bo xir Iy 1904. Trong mdt phuong an cla sang ché, bo nhé
1906 bao gém vat ghi doc dugc béng may tinh. Céc giao dién 1910, 1912, 1914
c6 thé 1a bo phan bat ky hodc tap hop cac bd phan ma cho phép hé théng xu ly
1900 truyén thong véi cac thiét bi/bd phéan khac va/hodc nguoi dung. Vi du, mot
hodc nhidu giao dién 1910, 1912, 1914 c6 thé dugc 1am thich Gng dé truyén dir
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liéu, diéu khién, hozc cac thong bao quan ly tir bo xt 1y 1904 t6i cac ung dung
duoc cai vao thiét bi may chu va/hoac thiét bj tir xa. Péi véi vi du khac, mot hodc
nhiéu giao dién 1910, 1912, 1914 c6 thé duoc lam thich Gmg dé cho phép ngudi
dung hoac thiét bi ngudi dung (vi dy, may tinh ca nhan (PC), v.v.) dé tuong
tac/truyén thong véi hé théng xir Iy 1900. Hé théng xi Iy 1900 c6 thé bao gom
céc bd phan bd sung khong duge md ta trén Fig.19, nhu luu trit 1au dai (vi dy, bd
nhé 1au bi mét, V.V.) chéng han.

Trong mot s6 phuong an, hé thdng xir Iy 1900 c6 trong thiét bi mang ma
dangtnu/c@p,hoécrn@tph&ncﬁ&1nang\d§nth6ng.TTongrnétvidu,héthéng
xt Iy 1900 & trong thiét bi phia mang trong mang vién thong khong day hodc ¢6
day, nhu tram géc, tram chuyén tiép, bd lap lich biéu, bo diéu khién, céng ndi, bd
dinh tuyén, may chu Gng dung, hodc thiét bi khac bat ky trong mang vién thong
chéng han. Theo céc phuong 4n khéc, hé théng xtr 1y 1900 & trong thiét bi phia
ngudi dung truy cip mang vién thong khong day hodc c6 ddy, nhu tram di dong,
thiét bi nguoi ding (UE), méy tinh c4 nhan (PC), may tinh bang, thiét bi truyén
thong c6 thé mang duoc (vi du, dong hé théng minh, v.v.), hodc thiét bi khac bat
ky dugc lam thich tmg dé truy cdp mang vién thong chéang han.

Trong mot s6 phuong an, mdt hoac nhiéu giao dién 1910, 1912, 1914 két
ndi hé thdng xtr Iy 1900 vé6i bo thu phat duoc lam thich tng dé truyén va thu tin
hiéu qua mang vién théng. Fig.20 1 so d6 khéi ctia bd thu phat 2000 duoc lam
thich tng dé truyén va thu tin hiéu qua mang vién thong. Bo thu phét 2000 c6 thé
duoc cai dit trong thiét bi may chi. Nhu d dugc thé hién, bd thu phat 2000 bao
gém giao dién phia mang 2002, bd ghép 2004, bo truyén 2006, bo thu 2008, bo
xt 1y tin hiéu 2010, va giao dién phia thiét bi 2012. Giao dién phia mang 2002 c6
thé bao gdm bo phén bt ky hodc tap hop céc bd phan duoc lam thich ing dé
truyén hodc thu tin hiéu qua mang vién thong khong day hodc c6 day. B ghép
2004 c6 thé bao gdm bd phan bat ky hoic tap hop cac bd phan duoc lam thich
tng dé d& dang truyén hai chiéu qua giao dién phia mang 2002. Bo truyén 2006
¢6 thé bao gdm b phan bét ki hodc tap hop cac bo phan (vi du, bo dbi tan so, bd

khuéch dai cong suat, v.v.) duoc lam thich ing dé bién dbi tin higu dai goc thanh
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tin hiéu séng mang bién diéu thich hop cho viéc truyén qua giao dién phia mang
2002. B6 thu 2008 c6 thé bao gdm bd phan bat ky hodc tap hop cac bo phén (vi
du, bo dbi giam, b khuéch dai am nhiéu thép, v.v.) duge lam thich img dé bién
dbi tin hiéu séng mang dugc thu qua giao dién phia mang 2002 thanh tin hiéu dai
gbe. BO xtr Iy tin higu 2010 c6 thé bao gdm bd phan bét ky hosc tap hop cac bd
phan duoc 1am thich tmg dé bién dbi tin hiéu dai gdc thanh tin hiéu dit lidu thich
hop cho viéc truyén qua céc giao dién phia thiét bi 2012, hoic nguoc lai. Céc giao
dién phia thiét bi 2012 ¢6 thé bao gdm bd phan bat ky hogc tap hop cac bd phén
duoc 1am thich tmg dé truyén céc tin hiéu dir lidu gitta bd xtr 1y tin hiéu 2010 va
cac by phan trong thiét bi may chu (vi du, hé théng xu ly 1900, céac céng mang
cuc bo (LAN), v.v.).

B thu phat 2000 co thé truyén va thu tin hidu qua loai phuong tién truyén
bat ky. Trong mot sd phuong an, bo thu phat 2000 truyén va thu tin hiéu qua
phuong tién khong day. Vi duy, bd thu phat 2000 co6 thé 1a bo thu phat khong day
duoc lam thich tng dé truyén theo giao thirc vién thong khong day, nhu giao thic
mang chia 6 (vi dy, phat trién dai han (LTE), v.v.), giao thitc mang cuc bd khong
day (Wireless Local Area Network - WLAN) (vi du, Wi-Fi, v.v.), hodc loai giao
thie khong day bat ky (vi du, Bluetooth, truyén thong truong gan (NFC), v.v.)
chang han. Trong cac phuong 4n nay, giao dién phia mang 2002 bao gém mot
hodc nhiéu phan tir anten birc xa. Vi dy, giao dién phia mang 2002 c6 thé bao gom
anten don, anten tach roi, hodc mang da anten duoc tao cAu hinh dé truyén thong
da 16p, vi du, mot dau vao nhiéu dau ra (Single Input Multiple Output - SIMO),
nhiéu dau vao it dau ra (Multiple Input Multiple Output - MISO), nhiéu dau vao
nhiéu du ra (Multiple Input Multiple Output - MIMO), v.v.. Theo céc phuong an
khac, bo thu phat 1900 truyén va thu tin hiéu qua phuong tién c6 day, vi dy, cap
xo4n hai soi, cap dong truc, cap quang, v.v.. Cac hé théng xu Iy va/hodc cac bo
thu phat cu thé ¢6 thé st dung tat ca bd phan dugc thé hién, hoac chi tap hop con
cac bo phan, va cac mirc tich hop c6 thé thay dbi tir thiét bi ny sang thiét bi khéc.

Theo sang ché, hé thong va phuong phdp mé rong bang thong séng mang

duoc dé xuat.
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Vi du 1: Phuong phap truyén céac tin hiéu, phuong phap nay bao gdm céc

budc:

truyén, boi diém truyén, tin hiéu trén co sé da hop phan chia theo tan sb
truc giao (OFDM) thur nhét qua dai con tan sb th( nhat ciia séng mang va tin hiéu

trén co sé OFDM thtr hai qua dai con tan s6 thir hai cuia song mang,

dai con tin s6 tht nhat c6 bang thong thi nhit va than sé thi nhit dwa vao

bang thong thi nhat,

dai con tAn s6 tht hai c6 bang thong thit hai va than s6 tht hai dua vao bing

thong thur hai.

Vi du 2: Phuong phéap theo vi du 1, trong do than sd thtr nhat khac véi than
s6 thir hai.

Vi du 3: Phuong phap theo vi du 1, trong d6 tin hiéu trén co s¢ OFDM thur

nhét va tin hiéu trén co s6 OFDM tht hai 1a céc tin hiéu duogc da hop phén chia

theo tan sb truc giao da duogc loc (f~-OFDM).

Vi du 4: Phuong phép theo vi du 3, trong d6 bo loc thur nhét duoc két hop
v&i tin hiéu trén co s& OFDM thtt nhét 6 chia it nhat dai con tan sb thi nhét, va
b6 loc thit hai duoc két hop véi tin hiéu trén co s6 OFDM thi hai ¢6 chira it nhat

dai con tan soO thi hai.

Vi du 5: Phuong phap theo vi du 1, trong d6 tin hiéu trén co s&¢ OFDM thu
nhét va tin hiéu trén co sé OFDM thir hai 12 c4c tin hiéu da truy cap phan chia tan

s6 séng mang don (SC-FDMA).

Vi du 6: Phuong phap theo vi du 1, trong do6 budc truyén tin hiéu trén co sé
OFDM thtr nhit qua dai con tan s6 thir nhit ctia séng mang va tin hidu trén co s&
OFDM th(t hai qua dai con tan sd tht hai ctia séng mang bao gébm buéc:

truyén biéu tuong trén co s¢ OFDM tha nhit qua dai con tan sb thu nhat
cla séng mang va biéu tuong trén co s¢ OFDM thtt hai qua dai con tan s6 thir hai
cla séng mang, biéu tugng trén co s¢ OFDM thit nhét dugc truyén trong sudt

khoang thoi gian gidng nhu biéu tuong trén co s¢ OFDM th( hai.
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Vi du 7: Phuong phéap theo vi du 1, trong do thin sb thu nhat ctia dai tan s6
tht nhét khac véi than sb thir hai ctia dai tin s6 thir hai sao cho tin higu trén co so
OFDM tht nhat duoc truyén theo it nhét mot tham s6 16p vat 1y khac véi tin hiéu
trén co s6 OFDM tht hai.

Vi du 8: Phuong phép theo vi du 7, trong d6 tin hiéu trén co s&¢ OFDM thu
nhét duge truyén theo khoang thoi gian truyén (TTI) khéac véi tin hiéu trén co s¢

OFDM thtr hai.

Vi du 9: Phuong phép theo vi du 7, trong d6 tin hiéu trén co s¢ OFDM thr
nhét mang céc biéu tugng cé khoang biéu tuong khac véi cac biéu tuong dugc

mang bdi tin hiéu trén co s6 OFDM th hai.

Vi du 10: Phuong phap theo vi du 7, trong do tin hiéu trén co s¢ OFDM thtr
nhét mang céc biéu tuong ¢ do dai tién t6 tudn hoan (CP) khac véi cac biéu tuong

dugc mang bdi tin hiéu trén co s¢ OFDM thtr hai.

Vidu 11: Phuong phap theo vi du 7, trong do tin hi€u trén co sé OFDM thir
nhAt va tin hiéu trén co sé OFDM thit hai dugc truyén qua céc séng mang con ma

¢6 khoang cach song mang con khac véi song mang con khéc.

Vi du 12: Phuong phap theo vi du 7, trong do cac théan s6 cua dai tan s tha
nhét va dai tan sb tht hai 1a dua vao cac bang théng cia cac dai tan s6 twong tng,
dai tan s6 thu nhit c6 bang thong khéc v6i dai tan s6 thi hai.

Vi du 13: Phuong phép theo vi du 7, trong d6 dai tan s6 thir nhat va dai tan

sd thir hai ¢ cung bang thong.

Vi du 14: Phuong phap theo vi du 1, trong do dai tan sb thir nhat va dai tan
s6 thtt hai duoc tach boi dai tAn bao vé ma nhé hon hoic béng hai muoi lan cua
khoang cach séng mang con ciia mdt trong cac dai tan s thtr nhat va dai tan sb

thu hai.

Vi du 15: Phuong phép theo vi du 14, trong d6 dai tan bao vé 1a nhd hon
hodc bang mudi 1an cua khoang cach séng mang con clia mot trong céac dai tan sb

thr nhat va dai tan sd thi hai.
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Vi du 16: Phuong phép theo vi du 14, trong do dai tan bao vé 1a nhé hon
hodc bang nim lan cua khoang céch séng mang con ctia mot trong cac dai tan sb
thtr nhat va dai tan so thit hai.

Vi du 17: Phuong phép theo vi du 14, trong d6 dai tan bao vé 1a nhé hon
hodc bang ba lan ctia khoang céch séng mang con ctiia mét trong céc dai tan sd
thtr nhat va dai tan s6 th hai.

Vi du 18: Phuong phép theo vi du 14, trong do6 dai tan bao vé bang voi
khoang cach song mang con cua mot trong cac dai tAn s6 th( nhat va dai tan sb
tht hai.

Vi du 19: Phuong phép theo vi du 1, trong d6 dai tAn s6 thir nhat va dai tan
s& thir hai 1a tiép giap trong mién tan sd sao cho dai tin s thtr nhat va dai tan sb
thtr hai khong duoc tach boi dai tan bao vé.

Vi du 20: Phuong phép theo vi du 19, trong d6 dai tan sd thir nhét va dai
tAn s thu hai c6 cac dai tan khac nhau.

Vi du 21: Phuong phép theo vi du 1, trong d6 phuong phép nay con bao
gém bude két tap tin hiéu trén co sé OFDM thtr nhét va tin hiéu trén co sé OFDM
th(r hai thanh mot tin hiéu mo rong ra ca dai tan s6 thi nhat va dai tin sd thi hai
true khi truyén tin hiéu trén co s OFDM thir nhat va tin hiéu trén co s& OFDM
th(r hai.

Vi du 22: Phuong phép theo vi du 21, trong do bang thong cua dai tan 1a
béang hozc 16n hon 40 triéu Hz (MHz).

Vi du 23: diém truyén bao gom:

bo xu ly: va

phuong tién luu trlr doc dugc b?mg may tinh chra chuong trinh dé thuc hién
bdi bd xtr Iy, chuong trinh nay bao gdm céc 1énh dé:

truyén tin hiéu trén co s& da hop phan chia theo tan sé truc giao (OFDM)
thir nhét qua dai con tan s6 thir nhét clia séng mang va tin hiéu trén co s¢ OFDM

thr hai qua dai con tan so thir hai ciia song mang,
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dai con tan s thtr nhat c¢6 bang thong thir nhét va than sb tht nhat dya vao

bang thong thur nhat,

dai con tan sb thtr hai ¢6 bang thong tha hai va than sb tht hai dua vao bing
thong thu hai.

Vi du 24: Phuong phap thu céc tin hiéu, phuong phap nay bao gdm cac

budc:

thu, boi diém thu, tin hiéu trén co sé da hop phén chia theo tan sb truc giao
(OFDM) thir nhét qua dai con tan s6 tht nhit cua séng mang va tin hidu trén co
sé OFDM thtt hai qua dai con tan s6 thir hai ctia séng mang, dai con tan sb tha
nhit ¢6 bing thong tht nhét va than sb thir nhit dua vao bang thong thr nhét, dai
con tan sb thi hai ¢6 bang théng thir hai va than s6 thr hai dya vao bang thong
tht hai.

Vi du 25: Phuong phap theo vi du 24, trong do than sb tht nhét khac véi
than so thtr hai.

Vi du 26: Phuong phép theo vi du 24, trong d6 tin hi¢u trén co s¢ OFDM
tht nhat va tin hiéu trén co s& OFDM thir hai 1a céc tin hiéu dugc da hgp phén
chia theo tan sd truc giao dd duoc loc (f-OFDM).

Vi du 27: Phuong phap theo vi du 26, trong do bd loc thir nhat duogc két
hop véi tin hiéu trén co s& OFDM thir nhét ¢6 chira it nht dai con tan sb thir nhat,
va bo loc thir hai dugc két hop v6i tin hiéu trén co s6 OFDM thur hai c6 chtra it
nhit dai con tan s6 thi hai.

Vi du 28: Phuong phap theo vi du 24, trong d6 tin hi¢u trén co s¢ OFDM
tht nhat va tin hiéu trén co s OFDM thir hai la céc tin hiéu da truy cap phén chia
tan s6 song mang don (SC-FDMA)).

Vi du 29: Phuong phéap theo vi du 24, trong d6 budce thu tin hiéu trén co so
OFDM thtr nhit qua dai con tan sb thir nhét clia séng mang va tin hiéu trén co sé

OFDM thir hai qua dai con tan s6 thi hai ctia séng mang bao gdm céc bude:

thu biéu tugng trén co sé OFDM thir nhét qua dai con tan sb thi nhat cta
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song mang va biéu tugng trén co s¢ OFDM thir hai qua dai con tan sb th hai ctia
soéng mang, biéu tugng trén co s6 OFDM thir nhit duoc truyén trong sudt khoang

thoi gian giéng nhur biéu tuong trén co s& OFDM thr hai.

Vi du 30: Phuong phép theo vi du 24, trong d6 than s6 thir nhat cta dai tan
36 thtr nhét khac v6i than sb thir hai ctia dai tAn sd thtr hai sao cho tin hiéu trén co
s& OFDM thtr nhéat duogc truyén theo it nhat mot tham ) 16p vét ly khac voi tin
hiéu trén co s6 OFDM thu hai.

Vi du 31: Phuong phép theo vi du 30, trong d6 tin hiéu trén co s6¢ OFDM
thir nhét dugc truyén theo khoang thoi gian truyén (TTI) khéac véi tin hiéu trén co

s6 OFDM thtr hai.

Vi du 32: Phuong phap theo vi du 30, trong d6 tin hiéu trén co s¢ OFDM
thir nhat mang cac biéu tugng c6 khoang biéu twong khac véi cac biéu tuong duoc

mang bodi tin hiéu trén co sé OFDM thu hai.

Vi du 33: Phuong phap theo vi du 30, trong d6 tin hiéu trén co s& OFDM
th&r nhat mang céc biéu tuong c6 do dai tién to tudn hoan (CP) khéc véi cac biéu

tuong dugc mang bdi tin hiéu trén co s¢ OFDM thtr hai.

Vi du 34: Phuong phéap theo vi du 30, trong d6 tin hiéu trén co s&¢ OFDM
thir nhét va tin hiéu trén co sé OFDM thir hai duoc truyén qua céc séng mang con

ma c6 khoang cach song mang con khac véi song mang con khac.

Vi du 35: Phuong phép theo vi du 30, trong d6 cac than so cua dai tan sd
thir nhét va dai tin s thi hai 1a dua vao cac bang théng cua céc dai tan s6 twong
tng, dai tan s6 thtr nhit c6 bang thong khac v6i dai tan s6 thi hai.

Vi du 36: Phuong phéap theo vi du 30, trong d6 dai tan s thir nhat va dai
tan s6 th hai c6 ciing bang thong.

Vi du 37: Phuong phap theo vi du 24, trong d6 dai tan s thir nhat va dai
tan sb tha hai duoc tach béi dai tAn bao vé ma nhé hon hodc bang hai muoi lan
cua khoang cach song mang con cua mdt trong cac dai tan sd thir nhat va dai tan

sb tht hai.
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Vi du 38: Phuong phép theo vi du 37, trong d¢ dai tan bao vé 1a nho hon
hodc bang mudi lan ctia khoang cach sdng mang con ctia mot trong céc dai tan sb
thtr nhat va dai tan so thit hai.

Vi du 39: Phuong phép theo vi du 37, trong dé dai tan bao vé 1a nho hon
hodc bing nam lan cua khoang cdch song mang con clia mot trong cac dai tan sb
tht nhét va dai tan s6 thit hai.

Vi du 40: Phuong phap theo vi du 37, trong do dai tan bao vé 1a nhod hon
hodc bang ba l1an ctia khoang cich séng mang con ctiia mot trong cac dai tan s
thtr nhat va dai tan s6 th hai.

Vi du 41: Phuong phap theo vi du 37, trong d6 dai tn bao vé bang véi
khoang cich song mang con cua mot trong cac dai tAn sb thtr nhét va dai tan s6
thtr hai.

Vi du 42: Phuong phép theo vi du 24, trong d6 dai tan s thi nhat va dai
tan s tht hai 1a tiép giap trong mién tin sb sao cho dai tan s6 thir nhat va dai tan

54 tha hai khong duoc tach boi dai tan bao vé.

Vi du 43: Phuong phap theo vi du 42, trong d6 dai tan s tht nhét va dai
tan s6 thu hai c6 cc dai tan khac nhau.

Vi du 44: Phuong phép theo vi du 42, trong d6 bang thong cua dai tan 1a
bang hodc 16n hon 40 triéu Hz (MHz).

Vi du 45: Diém thu bao gom:

bo xu ly: va

phuong tién luu trit doc dugc bang mady tinh chira chwong trinh dé thuc hién
boi bo xu 1y, chuong trinh nay bao gdm cac 1énh dé:

thu tin hiéu trén co s& da hop phan chia theo tan s truc giao (OFDM) thir
nhat qua dai con tan s thir nhit ctia song mang va tin hiéu trén co s OFDM thtr
hai qua dai con tan s6 thtr hai cta séng mang, dai con tan sb thir nhét c6 bang
thong tht nhét va thin sb thi nhét dua vao bang thong thir nhat, dai con tan so

thtt hai c6 bang thong thir hai va than s6 thir hai dua vao bang thong thir hai.
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Mac du sang ché da dugc mo ta mot cach chi tiét c6 dua vao cac phuong
4n minh hoa, nhung phan mo ta ndy s& khong dugc hiéu theo nghia gi6i han. Céc
cai bién va céc stra ddi khac nhau cta cac phuong an minh hoa, cling nhu cac
phuong an khac cua sang ché, s& trd nén rd rang d6i voi ngudi c6 hiéu biét trung
binh trong linh vuc k¥ thuét trong tng khi tham khao phan mo ta. Do dé, du dinh
1a cac diém yéu cau bao hd kém theo bao gbm céac cai bién hoic cac phuong 4n

bét ky nay.
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1. Phuong phép truyén céc tin hiéu, phuong phép nay bao gbm céc budc:

truyén, boi diém truyén (110, 120), tin hiéu trén co s¢ ghép kénh phan chia
theo tin sb truc giao duoc loc (filtered-Orthogonal Frequency Division
Multiplexing, viét tét 1a f-OFDM) thtt nhat (210) trén dai con tan s thit nhét cia
séng mang va tin hiéu -=OFDM thtr hai (220) trén dai con tan s6 tht hai clia song
mang,

dai con tin s6 tht nhat c6 bing thong thir nhét va than s (numerology) thit
nhét dua vao bang thong thir nhat,

dai con tan s th(t hai c6 bang thong thi hai va than s6 thir hai dua vao bang
thong thir hai, bing thong thtr hai khac véi bang théng thir nhat, va than s6 tht hai
c¢6 khoang thoi gian truyén (Transmission Time Interval, viét tit 1a TTI) hoac
khoang cach song mang con khac véi than sd thir nhét,

trong d6 dai con tan s thir nhét va dai con tan sb thir hai 1a tiép gidp trong
mién tan s sao cho dai con tin sb thir nhit va dai con tan s6 thit hai khong duoce
tach bdi dai bao vé.
2. Phuong phap theo diém 1, trong d6 phuong phép nay con bao gbm budc két
tap tin hi¢éu f~-OFDM tht nhét va tin hiéu f-~OFDM tht hai thanh mot tin hiéu m&
rong ra ca dai con tan s thir nhat va dai con thn sb thir hai trude khi truyén tin
hiéu f~OFDM tht nhét va tin hiéu f-OFDM thir hai, t6t hon 1a trong d6 bang thong
ctia dai con tan sb bang hoic 16n hon 40 mégahec (MHz).
3. Piém truyén bao gom:

bd xtr Iy (1904); va

phuong tién luu trit doc dugc bang méy tinh (1906) luu trit chuong trinh dé
thuc hién boi bo xtr Iy, chuong trinh nay bao gc‘f)rn cac 1énh dé thuc hién cac budc

theo diém 1 hodc 2.

4. Phuong phap thu céac tin hiéu, phuong phép nay bao gdm céc budc:
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thu, boi diém thu (110, 120), tin hiéu trén co s¢ ghép kénh phan chia theo
tAn sb truc giao duoc loc (FOFDM) thir nhét (210) trén dai con tan s6 thtr nhat
clia séng mang va tin hiéu f~OFDM thir hai (220) trén dai con tan s6 thir hai ctia
song mang, dai con tan sb thir nhét ¢6 bang thong tht nhat va than sb thir nhét dua
vao bing théng thir nhét, dai con tAn s thir hai ¢6 bang thng thit hai va than s
thtt hai dua vao bang thong thir hai, bang thong thi hai khac véi bang thong thu
nhat, va than s6 tht hai c6 khoang thoi gian truyén (TTI) hodc khoang cach séng

mang con khac véi than so thir nhat,

trong d6 dai con tAn sé thir nhat va dai con tin sb thir hai 14 tiép giap trong
midn tin sb sao cho dai con tan sb tht nhit va dai con tan s6 tht hai khéng dugc
tach boi dai bao veé.
5. Phuong phép theo diém 4, trong d6 phuong phap nay con bao gbém budc thu
mot tin hiéu dugc tao ra béng cach két tap tin hiéu f~-OFDM thtr nhét va tin hiéu
f-OFDM thtr hai thanh mot tin hiéu mé rong ra ca dai con tan s6 thi nhat va dai
con tan sb thir hai truée khi truyén tin hiéu f-OFDM thtr nhat va tin hiéu ffOFDM
thr hai, tt hon 1a trong d6 bang thong cta dai con tan s6 bang hodc 16n hon 40

mégahec (MHz).
6. Diém thu bao gdm:
bd xtr ly (1904); va

phuong tién luu trir doc dugc bang mdy tinh (1906) luu trit chuong trinh dé
thuc hién béi bo xtr ly, chuong trinh nay bao gdm céc 1énh dé thuc hién cac budce

theo diém 4 hodc 5.
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