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Linh vuc k§ thuit dwgc dé cap
No6i chung, cic khia canh khéac nhau md ta & déy dé cap dén céac hé théng truyén
thong khong ddy, va cu thé hon, dén thiét ké do dich riang luoc, vi dy, d8 tao ra chubi d6

léch dé truyén céc tin hiéu tham chicu.

Tinh trang ky thuét cia sang ché

Céc hé théng truyén thong khong day da phat trién qua nhiéu thé hé, bao gdm dich
vu dién thoai khong day tuong tu thé hé tht nhét (first-generation - 1G), dich vu di¢n thoai
khong day s6 thé hé thir hai (second-generation - 2G) (bao gbm cac mang tam thoi 2.5G),
dich vu khong day c6 tinh ning internet, di liéu tbc dd cao thé hé thi ba (third-generation
- 3G) va dich vu thé hé tht tu (fourth-generation - 4G) (vi du, Tién hoa dai han (Long-
Term Evolution - LTE), WiMax). Hién nay c6 nhidu loai hé théng truyén théng khong day
khac nhau dang dugc st dyng, bao gdm cac hé théng dich vu truyén thong c4 nhan
(Personal Communications Service - PCS) va di dong. Céc vi du vé cac hé théng di dong
d3 biét bao gom Hé théng dién thoai di dong cai tién tuwong tw (Analog Advanced Mobile
Phone System - AMPS) theo 0, va cic hé théng chia 6 s6 dwa vao Pa truy cip phén chia
theo mé (Code Division Multiple Access - CDMA), Pa truy cép phan chia theo tin sb
(Frequency Division Multiple Access - FDMA), Da truy cép phéan chia theo thoi gian
(Time Division Multiple Access - TDMA), H¢ thdng truyén thong di dong toan ciu
(Global System for Mobile - GSM), v.v.

Chudn di dong thé hé th 5 (fifth generation - 5G) yéu cAu téc d0 truyén di liéu cao
hon, luong két ndi 16n hon va pht séng t6t hon, trong sb céc cai tién khac. Chuén 5G (con
goi la “vo tuyén méi” hay “NR”), theo Lién minh mang di dong thé hé tiép theo, duge thiét
ké d& cung cép tdc do dit liéu vai chuc megabit mdi gidy cho mdi trong s6 vai chuc nghin
nguoi dung, véi 1 gigabit mdi gidy cho hang chuc nhén vién trén mdi tAng vin phong.
Hang tram nghin két ndi ddng thoi cin duge hd tro dé hd trg cic phuong an trién khai cam
bién 16n. Vi vy, hiéu suét phé cta truyén théng di dong 5G cAn duoc ting cudng ding ké
so v&i chudn 4G/LTE hién tai. Hon thé nita, cac higu suét truyén tin hiéu nén duoc ting

cudng va d¢ tré nén dugc giam déng ké so v6i cac chuan hién tai.
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Ban chit k§ thuit ciia sing ché

Phén sau day trinh bay phén bin chét k§ thuat duoc don gian hoa dé cap dén mot
hoic nhidu khia canh cua sang ché. Vi thé, phan ban chét k¥ thuat sau day khong nén dugc
xem la téng quan sau rong aé cap dén tht cac cac khia canh dugc dy tinh, cling khong nén
duoc xem 1a xac dinh cac yéu t6 then chdt hoic quan trong lién quan dén tat ca cac khia
canh dugc du tinh hay md ta pham vi gén v6i khia canh cu thé bat ky. Do do, phan ban
chit k§ thuat cita sang ché chi c6 muc dich 12 thé hién mot s6 khai niém lién quan dén mot
hoic nhidu khia canh lién quan dén cac co ché dugc mé ta & day & dang don gidn hoa dé
1am tién d& cho phin mo ta chi tit sang ché duoc trinh bay bén dudi.

Theo mot khia canh, phuong phap truyén thong khong day dwoc thye hién boi thuc
thé tao chudi bao gbm budc phan tich kich thude rdng lugc N thanh céc thira sé nguyén t6
cia N, va tao ra mot hodc nhiéu chudi do 1éch cho tin hiéu tham chiéu d@é dinh vi dya vao
mét hodc nhidu danh sach chudi lién két véi cac thira sb nguyén t6 ctia N va mot s6 ky
hiéu M ma tin hiéu tham chiéu duoc lap lich trén d6. ‘

Theo mdt khia canh, phuong phap truyén thong khong déy & tram gbc bao gdm
bude nhan dang cu hinh tin higu tham chiéu @& truyén tin hiéu tham chiéu dé dinh vi dén
thiét bi nguoi dung (user equipment - UE), cAu hinh tin hiéu tham chiéu cung cp cac tai
nguyén tin hi¢u tham chiéu trong it nhét ky hidu ghép kénh phan chia theo tan s truc giao
(orthogonal frequency division multiplexing - OFDM) thu nhét, ky hiéu OFDM thtr hai,
ky hiéu OFDM thi ba, ky hi¢u OFDM tht tu, ky hiéu OFDM thtr nim, ky hiéu OFDM
thtt séu, ky hiéu OFDM thit bay, ky hiéu OFDM thtr tam, ky hiéu OFDM thit chin, ky hiéu
OFDM thtt mudi, ky hiéu OFDM thtr mudi mot, va ky hiéu OFDM thtr mudi hai, va truyén
dén UE, dua it nhéit mot phﬁn va0 cAu hinh tin hiéu tham chiéu, phén thit nhit cia DL-PRS
trén tdp con thir nhét ctia cac tai nguyén tan s6 trong ky hiéu OFDM tht nhit, phén thir hai
ctia DL-PRS trén tap con tht hai cla céc tai nguyén thn sb trong ky hiéu OFDM tht hai,
phén thit ba cia DL-PRS trén tép con thi ba cua cac tai nguyén tan sb trong ky hiéu OFDM
tht ba, phﬁn thit tu caa DL-PRS trén tip con thi tu ciia cac tai nguyén tan s6 trong ky hiéu
OFDM tht tu, phan th@ nim ciia DL-PRS trén tap con thir nim ciia cac tai nguyén tin sd
trong ky hiéu OFDM thir nam, phén thit séu ciia DL-PRS trén tép con th{r sau cia céc tai
nguyén tAn sb trong ky hidu OFDM thit séu, phan thir bay ciia DL-PRS trén tap con thi
bay cua céc tai nguyén tAn s6 trong ky hiéu OFDM thtr bay, phﬁn tht tim cua DL-PRS
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trén tap con thir tdm cla céc tai nguyén tAn s6 trong ky hiéu OFDM thir tam, phﬁn thr chin
ctia DL-PRS trén tap con thit chin ciia c4c tai nguyén tan sb trong ky hiéu OFDM thir chin,
phan thir mudi cia DL-PRS trén tép con thr mudi cla cac tai nguyén tan 6 trong ky hiéu
OFDM tht muoi, phi‘m thtr mudi mot cia DL-PRS trén tap con thi mudi mot cua cac tai
nguyén tin sb trong ky hiéu OFDM thit mudi mot, va phén thir mudi hai ciia DL-PRS trén
tap con thi mudi hai clia céc tai nguyén tAn 6 trong ky hiéu OFDM thit muoi hai.

Theo mot khia canh, thuc thé tao chudi bao gém bd nhd va it nhit mdt bod xir 1y
dugc ghép ndi truyén thong véi bd nhd, it nhit mot bo xir Iy duge tao cAu hinh dé: phan
tich kich thudc ring lugc N thanh céc thura sb nguyén t§ ciia N, va tao ra mot hodc nhiéu
chudi dd 1&ch cho tin hi¢u tham chiéu @& dinh vi dwa vao mdt hodc nhidu danh sach chudi
Jién két véi cac thira s6 nguyén t6 cia N va mot sb ky hiéu M ma tin hig¢u tham chiéu dmjc
lap lich trén do.

Theo mot khia canh, tram géc bao gém bd nhd, it nhit mot bd thu phat, va it nhét
mot bd xir Iy duoc ghép ndi truyén thong véi bd nhé va it nhét mot bo thu phat, it nhét mot
bd xir Iy duoc tao cAu hinh dé: nhan dang cu hinh tin hiéu tham chiéu d8 truyén DL-PRS
dén thiét bi ngudi dung (UE), cAu hinh tin hiéu tham chiéu cung cép cac tai nguyén tin
hiéu tham chiéu trong it nhét ky hiéu OFDM thir nhét, ky hiéu OFDM th& hai, ky hiéu
OFDM tht ba, ky hiéu OFDM tht tw, ky hiéu OFDM thir nam, ky hiéu OFDM thir sau,
ky hiéu OFDM thit bay, ky hi¢u OFDM thur tam, ky hiéu OFDM tht chin, ky hiéu OFDM
th mudi, ky hidu OFDM thit mudi mét, va ky hiéu OFDM thir mudi hai, va khién it nhAt
mdt bd thu phat truyén, dén UE, dua it nhit mot phén vao cAu hinh tin hiéu tham chiéu,
phﬁn thtt nhat cia DL-PRS trén tdp con thir nhét ctia céc tai nguyén tan s trong ky higu
OFDM thi nhét, phin thi hai cuia DL-PRS trén tép con thir hai ctia céc tai nguyén tén sd
trong ky hiéu OFDM thtt hai, phén thit ba cia DL-PRS trén tap con thr ba cta céc tai
nguyén tn sd trong ky hiéu OFDM thtr ba, phén thit tu ciia DL-PRS trén tdp con thir tu
clia c4c tai nguyén tin s6 trong ky hiéu OFDM thi tu, phén thir nim cﬁa DL-PRS trén tap
con thi nim cla cdc tai nguyén tan sb trong ky hiéu OFDM thr ndm, phan thit sdu cta
DL-PRS trén tdp con thit sdu cua céc tai nguyén tan sb trong ky hiéu OFDM tht séu, phan
thit bay cia DL-PRS trén tép con thit bdy cta céc tai nguyén tAn sb trong ky hiéu OFDM
thit bay, phan thir tim ctia DL-PRS trén tép con thir tim cta céc tai nguyén tan s6 trong
ky hiéu OFDM thix tam, phan thir chin caa DL-PRS trén tap con thir chin ctia cic tai nguyén
tan sd trong ky hiéu OFDM thtr chin, phin thit mudi cia DL-PRS trén tap con thi mudi

3
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cua cac tai nguyén tan sb trong ky hiéu OFDM thir mudi, phﬁn thr mudi mot cia DL-PRS
trén tAp con thir mudi mot cia cac tai nguyén tAn s trong ky hiéu OFDM thir muoi mat,
va phan thit mudi hai cia DL-PRS trén tdp con thr mudi hai ciia cc tai nguyén tan sb
trong ky hiéu OFDM th{r mudi hai.

Theo mot khia canh, thuc thé tao chudi bao gdbm phuong tién phan tich kich thudc
ring luvgc N thanh cic thura sb nguyén t§ ciia N, va phuong tién tao ra mot hodc nhidu
chudi d6 1éch cho tin hiéu tham chiéu @& dinh vi dwa vao mdt hodc nhiéu danh sach chudi
lién két v6i cac thira s6 nguyén t6 ctia N va mot sb ky hiéu M ma tin hi¢u tham chiéu dugc
14p lich trén do.

Theo mot khia canh, tram géc bao gém phuong tién nhan dang ciu hinh tin hiéu
tham chiéu @& truyén tin higu tham chiéu @ dinh vi dén thiét bi ngudi dung (UE), cAu hinh
tin hiéu tham chiéu cung clp cac tai nguyén tin hi¢u tham chiéu trong it nhit ky higu
OFDM thtt nhét, ky hiéu OFDM thit hai, ky hi¢u OFDM thit ba, ky hiéu OFDM tht tu, ky
hiéu OFDM thir nim, ky hiéu OFDM thtr sau, ky hiéu OFDM thi bay, ky hiéu OFDM tht
tam, ky hiéu OFDM th chin, ky hiéu OFDM th muoi, ky hiéu OFDM ther mudi mot, va
ky hiéu OFDM th{r muoi hai, va phuong tién truyén dén UE, dya it nhit mot phan vao chu
hinh tin hiéu tham chiéu, phén thitr nhat caa DL-PRS trén tdp con thir nhét cta cac tai
nguyén tin s6 trong ky hiéu OFDM thu nhét, ph'?m thir hai cia DL-PRS trén tap con thir
hai clla cac tai nguyén tn s trong ky hiéu OFDM thr hai, phén thit ba cia DL-PRS trén
tap con thir ba ctia céc tai nguyén tAn sb trong ky hiéu OFDM tht ba, phan tht tu cua DL-
PRS trén tap con thi tu cla céc tai nguyén tAn s trong ky hiéu OFDM tht tu, phén thtr
nim ciia DL-PRS trén tip con thit ndm cuia cac tai nguyén tan sb trong ky hiéu OFDM thtr
nim, phin thir sau caa DL-PRS trén tap con thir sau cua céc tai nguyén tn s_é trong ky
hiéu OFDM tht séu, phén thit bay ctia DL-PRS trén tap con thir bay cua céc tai nguyén
tan sb trong ky hiéu OFDM thu bay, pha“ln thir tdm ctia DL-PRS trén tap con thir tdm cua
c4c tai nguyén thn sb trong ky hi¢u OFDM th@ tdm, phan thtt chin 01’15 DL-PRS trén tap
con thtr chin ciia cac tai nguyén tAn sb trong ky hiéu OFDM thir chin, phan thir mudi cﬁa
DL-PRS trén tp con thir mudi cla céc tai nguyén tan sb trong ky hiéu OFDM thtr mudi,
phin thir mudi mot cia DL-PRS trén tap con thir mudi mot clia cac tai nguyén tin s6 trong
ky hiéu OFDM thit muoi mot, va phén thir muoi hai cia DL-PRS trén tap con thr muoi

hai cua cac tai nguyén tn sb trong ky hiéu OFDM thir mudi hai.
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Theo mot khia canh, phuong tién bt bién doc duoc bﬁng may tinh lwu trit cac 1énh
thyc thi duoc bing may tinh bao gbm céc 1énh thyc thi dugc bang may tinh bao gbm it
nhAt mét Iénh tao 1énh cho thyc thé tao chudi d& phén tich kich thuéc ring luge N thanh
cac thira sb nguyén td cta N, va it nh4t mdt 1énh tao 1&énh cho thuc thé tao chudi dé tao ra
mot hodc nhiéu chudi dd 1éch cho tin hiéu tham chiéu dé dinh vi dwa vao mdt hodc nhiéu
danh séch chudi lién két véi cac thira s& nguyén t6 cia N va mot sd ky hiéu M ma tin higu
tham chiéu dugc 1ap lich trén do.

Theo mot khia canh, phuong tién bét bién doc duoc bang may tinh luu trk cac 1énh
thue thi dwoc bang mdy tinh bao gbm cac 1énh thyc thi duge bang may tinh bao gdm it
nhét mot 1énh tao 1énh cho tram géc dé nhan dang cu hinh tin hiéu tham chiéu @8 truyén
DL-PRS dén thiét bi ngudi diung (UE), chu hinh tin hiéu tham chiéu cung cip cac tai
nguyén tin hi¢u tham chiu trong it nhat ky hiéu OFDM thtt nhat, ky higu OFDM thir hai,
ky hidu OFDM thit ba, ky higu OFDM tht tu, ky hiéu OFDM th nam, ky hiéu OFDM
thi su, ky hiéu OFDM tht bay, ky hiéu OFDM tht tam, ky higu OFDM thi chin, ky hiéu
OFDM thtt mudi, ky hiéu OFDM th&r mudi mét, va ky hiéu OFDM ther muoi hai, va it
nhét mot 1énh tao 1énh cho tram géc dé truyén dén UE, dua it nhit mot phﬁn vao cAu hinh
tin hiéu tham chiéu, phan tht nhét ciia DL-PRS trén tap con thir nhét cta céc tai nguyén
tan sd trong ky hiéu OFDM th nhét, phan thtt hai cia DL-PRS trén tap con thir hai cua
c4c tai nguyén tan s trong ky hiéu OFDM tht hai, phan thit ba cia DL-PRS trén tép con
thir ba cua céc tai nguyén tAn sb trong ky hiéu OFDM thtt ba, phén tht tu ctia DL-PRS
trén tdp con tha tu cua cic tai nguyén tAn sb trong ky hiéu OFDM tht tu, phan thtr nim
ctia DL-PRS trén tap con thit ndm cla c4c tai nguyén tan sb trong ky hiéu OFDM thir ndm,
phan thit sau cua DL-PRS trén tép con thir sau cua cac tai nguyén tin s trong k}’f hi¢u
OFDM th séu, phan thit bay ctia DL-PRS trén tdp con thir bay clia cac tai nguyén thn sb
trong ky hiéu OFDM thir bay, phan thir tim cta DL-PRS trén tap con thir tam cla cac tai
nguyén tan s trong ky hiéu OFDM thir tam, phén thir chin ciia DL-PRS trén tap con thi
chin clia c4c tai nguyén tin s6 trong ky hiéu OFDM thtr chin, phén thtt mudi cia DL-PRS
trén tip con thit mudi cua céc tai nguyen tan sb trong ky hiéu OFDM thir mudi, phén thir
mudi mot cia DL-PRS trén tap cdn ther muodi mot clia cac tai nguyén tAn sb trong ky higu
OFDM thtt muoi mét, va phén th&r mudi hai cia DL-PRS trén tdp con thit mudi hai ctia

cac tai nguyen tan b trong ky hiéu OFDM thir mudi hai.
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Céc muc dich va uu diém khac lién quan dén cac khia canh dugc mo ta & day s€ 1a
hién nhién véi ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuét nay dya trén cdc hinh

v& kém theo va phan mo ta chi tiét ctia sang ché.

Mo ti vin tit cac hinh v&

Céc hinh v& kém theo dwoc duara &8 hd tro cho viéc mo ta cac khia canh khac nhau
ciia séng ché va dugc cung cép chi & minh hoa cho céc khia canh nay ma khong lam giéi
han chung.

Fig.1 minh hoa hé théng truyén thong khong ddy lam vi du, theo cac khia canh cua
séng ché;

Fig.2A va Fig.2B minh hoa vi dy vé céc cdu traé mang khong ‘dﬁy, theo cac khia
canh cua sang ché;

Céc hinh v& tir Fig.3A dén Fig.3C 14 so d khdi gian lugc clia mot s6 khia canh mau
cua cac thanh phﬁn 6 thé 14n luot dugc st dung trong UE, tram géc, va thue thé mang;

Céc hinh v& te Fig.4A dén Fig.4D 1a céc so dd minh hoa vi du vé cac cAu tric khung
va céac kénh trong cac c4u tric khung, theo cac khia canh cua sang ché.

Céc hinh v& tir Fig.5A dén Fig.5C minh hoa céc vi du vé cac miu ring luge, theo
cac khia canh cua sang ché;

Fig.6 minh hoa luu 6 ctia vi du vé phuong phép tao ra chudi d@o 1éch cho cac mau
ring lugc, theo cac khia canh cla sang ché;

Fig.7 minh hoa thudt todn 1am vi dy vé viéc tao ra chudi @6 1éch cho céc mau ring
luge, theo cac khia canh cua sang ché;

Céc hinh v& trén Fig.8, Fig.9A, Fig.9B, va Fig.10 minh hoa céc vi du vé cac mau
ring lugc duoc tao ra thong qua thuét toan 1am vi du trén Fig.7, theo céc khia canh cua
séng ché;

Fig.11 minh hoa mdt thuat toan lam vi du khéac vé viéc tao ra chudi do 1&ch cho cac
mau ring lugc, theo cac khia canh cua sang ché;

Céc hinh v& tu Fig.12 dén Fig.15 minh hoa céc luu dd ctia cac phuong phap va quy
trinh 1am vi dy, theo céc khia canh clia sang ché; va '

Cé4c hinh v& trén Fig.16 va Fig.17 minh hoa vi du vé& phuong phép truyén thong
khéng day, theo céc khia canh cua sang ché. '
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Mb ta chi tiét sang ché

Céc khia canh cta sang ché dugc d8 cap trong phén mo ta sau dy va cac hinh v&
lién quan hudng dén cac vi du khac nhau dugc dua ra nham muc dich minh hoa. Céc khia
canh thay thé c6 thé dugc tao ra ma khong ndm ngoai pham vi cla sang ché. Ngoai ra, cac
phén tir 43 biét cia sang ché s& khong duge md ta chi tiét hodc s& duge lugc bo dé khong
gay khé hidu cho céc chi tiét lién quan clia sang ché. |

Thuét ngit “lam vi du ” va/hodc “vi du” duge sir dung & day c6 nghia 1a “c6 vai tro
lam vi du, mau hodc minh hoa”. Khia canh bét ky duge mo ta & ddy 1a “lam vi du ” va/hodc
“vi dy” khong nhat thit duoc hiéu 13 duoc vu tién hogic c6 loi hon so véi cc khia canh
khéc. Tuong tur, thuat ngit “cac khia canh clia sang ché” khong yéu cAu tat ca cac khia canh
clia sang ché déu bao gém dic diém, loi ich hoic ché do hoat dong duge mo ta.

Ngudi c6 hiéu biét trung binh trong linh vuc k§ thuat nay hiéu ring thong tin va tin
hiéu dugc md ta dudi day co thé duoc biéu dién béng céach stt dung cong nghé va k¥ thuat
bét ky trong s6 nhiéu cong nghé va k¥ thudt khac nhau. Vi du, dit liéu, 1énh, chi 1énh, thong
tin, tin hiéu, bit, ky hiéu, va chip ma c6 thé dugc vién din khép phén mo ta dudi day co
thé dugc thé hién b?mg dién &p, dong dién, song dién tir, tir trudng hodc hat tlr, quang
truong hodc hat quang, hodc dang két hop bét ky ctia chiing, phu thuéc mot phén vao tng
dung cu thé, mot phé‘m vao thiét ké mong mubn, mot phﬁn vao cong nghé tuong ing, v.v.

Ngoai ra, nhiéu khia canh dugc mo ta theo chudi cac hanh ddng s& dugc thuc hién
boi, vi du, cac phén tir cia thiét bi tinh toan. Cén hiéu rﬁng cac hanh dong khac nhau duogc
mo ta & day co thé duoc thuc hién béi cdc mach riéng (vi du, mach tich hop chuyén dung
(application specific integrated circuit - ASIC)), boi cac 1énh chuong trinh dang dugc thyc
thi béi mét hodic nhidu bd xir Iy, hodc béi t& hop cia ca hai. Ngoai ra, (cac) chudi hanh
dong dugc mo ta & day co thé duoc coi 13 duoc thé hién toan bo trong dang bét ky cta
phuong tién luu trix bét bién doc dwgc biang may tinh c6 tap hop 1énh may tinh dugc luu
trit trong d6, ma khi thue thi, khién hogc 1énh cho b xir 1y lién quan cia thiét b thyc hién
chirc niing dugc mo t& & ddy. Do d6, cac khia canh khac nhau cua sang ché o thé duoc
thé hién & mot sb dang khac nhau, tAt ca cac dang nay déu duoc du tinh 1a nam trong pham
vi cua dbi tuong yéu ciu bao hd. Ngoai ra, v6i mdi trong sd cac khia canh dugc mo ta &
day, dang twong Ging cuia khia canh bét ky nhu vay c6 thé dugc mo ta & day 13, vi du, "logic

duogc tao cAu hinh d&" thyc hién hanh dong d& mo ta.
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Nhu duge st dung & day, cac thuat ngir “thiét bi ngudi dung” (UE) va “tram g6¢”
khong dugc du dinh 1a loai cu thé hodc giéi han & cong nghé truy cép vo tuyén (Radio
Access Technology - RAT) cu thé bét ky, trir khi ¢ luu § khac. N6i chung, UE c6 thé 13
thiét bi truyén thong khong day bét ky (vi du, dién thoai di dong, bo dinh tuyén, may tinh
bang, may tinh xach tay, thiét bi theo dai, thiét bi deo duoc (vi du, déng hd thong minh,
kinh mét, tai nghe thuc té ting cudng (augmented reality - AR) / thuc té 4o (virtual reality
- VR), v.v.), xe ¢0 (vi du, 6 t6, m6 0, xe dap, v.v.), thiét bi internet van vét (Internet of
Things - IoT), v.v.) dugc sir dung béi ngudi dung dé truyén thong qua mang truyén thong
khong ddy. UE c6 thé 1a di dong hodc ¢6 thé (vi du, & cac thoi didm nhét dinh) 12 ¢d dinh,
va ¢6 thé truyén thong véi mang truy cép v tuyén (Radio Access Network - RAN). Nhu
duoc stir dung & day, thuét ngir “UE” co thé duoc goi theo cach thay thé cho nhau 13 “dau
cubi truy cip” hogic “AT,” “thiét bi may khach,” “thiét bi khong day,” “thiét bi thué bao,”
“d3u cubi thué bao,” “tram thué bao,” “dAu cubi ngudi ding” hay UT (user terminal), “thiét
bi di dong”, “diu cubi di dong,” “tram di dong,” hodc cic bién thé cua chung. Nhin chung,
cac UE c6 thé truyén thong véi mang 161 qua RAN, va qua mang 16i cac UE c6 thé dugc
két ndi v6i cac mang bén ngoai nhu mang Internet va v6i cac UE khéc. Tét nhién, céc co
ché khac d8 két ndi véi mang 15i va/hoiic mang Internet cling kha thi cho cac UE, nhu trén
céc mang truy cdp c6 ddy, cac mang cuc by khong day (wireless local area network -
WLAN) (vi dy, dya vao IEEE 802.11, v.v.) va cac mang tuong tu.

Tram gdc c6 thé hoat dong theo mot trong 56 cac RAT truyén thong véi cac UE phu
thudc vao mang trong d6 n6 duoc tridn khai, va c6 thé dugc goi theo cach khic 1a diém
truy cdp (Access Point - AP), nit mang, Nut B, Nat B cai tién (evolved NodeB - eNB),
eNB thé hé tiép theo (next generation eNB - ng-eNB), Nt B vo tuyén méi (New Radio -
NR) (con duge goi 1a gNB hodc gNodeB), v.v. Tram gbc ¢o thé duoc st dung chinh dé hd
trg truy cap khong day boi cic UE, bao gém hd tro céc két nbi dit liéu,vthoai, va/hodc bao
hiéu cho cac UE dugc hd trg. Trong mot sb6 hé théng, tram géc 6 thé chi cung cép cac
chirc ning béo hiéu nut bién, trong khi ¢ céc hé théng khac, né co thé cung cip thém cic
chic ning diéu khién va/hodc quan ly mang. Lién két truyén théng ma qua d6 cac UE c¢6
thé giri cdc tin hiéu dén tram gbc dugc goi 12 kénh dudng lén (uplink - UL) (vi du, kénh
lvu luong nguc_jrc, kénh diéu khién nguoc, kénh truy cép, v.v.). Lién két truyén thong ma
qua do6 tram gbe co thé giri cac tin hiéu dén cic UE duogc goi 1a kénh dudng xudng

(downlink - DL) hogc lién két xudi (vi dy, kénh tim goi, kénh didu khién, kénh phét quang
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b4, kénh lvu lugng xudi, v.v.). Nhu duge sit dung & day, thuat ngit kénh lvu lugng (traffic
channel - TCH) ¢6 thé chi ca kénh luu lugng duong lén/ngugc hodc duong xubng/xudi.

Thuat ngit “tram gbc” c6 thé chi mot diém thu-phat (transmission-reception point -
TRP) vat ly hodc nhiéu TRP vt Iy ma c6 thé c6 hodc c6 thé khong cung vi tri. Vi duy, khi
thuit nglr “tram gbc” ding dé chi mot TRP vat Iy, TRP vat ly nay c6 thé 1a anten ciia tram
gbc twong tng v6i 6 (hodc mot sb secto 6) cua tram gbc. Khi thut ngft “tram gbc” ding
d8 chi nhidu TRP vat Iy cing vi trf, cdc TRP vét ly nay co6 thé 1a mang anten (vi dy, nhu
trong hé théng nhidu dAu vao nhidu diu ra (multiple-input multiple-output - MIMO) hodc
khi tram gbc st dung k¥ thuét diéu huéng chim song) cla tram gbc. Khi thuat ngir “tram
obc” ding dé chi nhidu TRP v4t Iy khong cing vi tri, cdc TRP vat Iy c6 thé 12 hé théng
anten phan tan (distributed antenna system - DAS) (mang cua céac anten tdch nhau v& mit
khong gian duoc két ndi véi ngudn chung thong qua phwong tién truyén tai) hoic dau vo
tuyén tir xa (remote radio head - RRH) (tram gdc tir xa dugc két ndi véi tram gbc phuc
vu). Theo cach khac, cac TRP vét Iy khong cung vi tri ¢o thé 1a tram géc phuc vu nhan béo
cdo do tir UE va tram géc 14n c4n c6 céc tin hiéu RF tham chiéu (hodc goi ngén gon 12 “cac
tin hiéu tham chiéu”) ma UE dang tién hanh do. Vi TRP 13 diém ma tir 6 tram gbe truyén
va nhan céc tin hidu khong day, nhu dugc st dung ¢ day, cac dé cap dén viec truyén tir
hodc viéc nhén tai tram géc s€ dugc hiéu 1 dung dé chi mot TRP cu thé coa tram géc.

Trong mot sb phuong an thuc hién hd trg viéc dinh vi cac UE, tram géc 6 thé
khong hd trg truy cap khong dy béi cdc UE (vi du, c6 thé khong hd trg cac két nbi dir
lidu, thoai, va/hodc bao hiéu cho cac UE), ma thay vao do, co thé truyén céc tin hiéu tham
chiéu cho cac UE d& duge do bai cac UE, va/hodc ¢6 thé nhan va do céc tin higu dugc
truyén b6i cac UE. Tram géc nhu vy co thé dugc goi 1a bao higu dinh vi (vi dy, khi truyén
céc tin hidu dén cac UE) va/hodc tram do vi trf (vi dy, khi nhan va do céc tin hig¢u tir cac
UE). |

“Tin hi€u RF” bao gbm séng dién tir cia tan sb cho trudc truyén tai thong tin qua
khong gian gifta by phat va bd thu. Nhu dugc st dung & day, bd phat co6 thé truyén mot
“tn hidu RF” hogc nhidu “tin hidu RF” dén bd thu. Tuy nhién, b6 thu ¢6 th8 nhan nhiéu
“tin hiéu RF” tuong 1’Ing v&i mdi tin hiéu RF dugc truyén do cé4c dic tinh lan truyén cua
céc tin hiéu RF qua kénh nhiéu dudng truyén. Cling mdt tin hiéu RF duge truyén trén céc
dudng khéc nhau gifta b phat va bd thu co thé duoc goi 1a tin hiéu RF “phidu duong

truyén”. Nhu dugc st dung & ddy, tin hiéu RF co thé con duoc goi 1a “tin hiéu khong day”
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hoidc don gian 13 “tin hiéu” & nhiing phin c6 ngit canh rd rang 1a thut ngi “tin hi€u” dung
d8 chi tin hiéu khong diy hodc tin hiéu RF.

Theo céc khia canh khac nhau, Fig.1 minh hoa hé théng truyén thong khong day
1am vi du 100. Hé théng truyén thong khong day 100 (c6 thé con duoc goi 1a mang dién
rong khong day (wireless wide area network - WWAN)) co thé bao gbém céc tram gbc 102
khéc nhau va cac UE 104 khac nhau. Cac tram gbc 102 ¢ thé bao gbm cé4c tram gbc dang
6 macro (tram gdc dang 6 cong suét cao) va/hodc céc tram gbc dang 6 nho (tram gbc dang
o cong suit thip). Theo mot khia canh, tram gbc dang 6 macro ¢o thé bao gdm céc eNB
va/hoic ng-eNB ma trong d6 hé théng truyén théng khong day 100 twong Gng vO1 mang
LTE, hoic cdc gNB ma trong 46 hé théng truyén thong khong day 100 tuong (ng v6i mang
NR, hodc su két hop ctia ca hai loai, va cac tram géc dang 0 nho cé thé bao gém 0 femto,
d pico, 6 micro, V.Vv.

Céc tram gbc 102 c6 thé tao chung RAN va giao tiép v6i mang 161 170 (vi du, 161
goi cai tién (evolved packet core - EPC) hodc 16i 5G (5G core - 5GC)) thong qua cac lién
két backhaul 122, va thong qua mang 13i 170 dén mdt hodc nhiéu may chu vi tri 172 (c6
thé 12 mot phan ctia mang 18i 170 hodc c6 thé ndm ngoai mang 161 170). Ngoai céc chirc
nang khac, tram géc 102 c¢6 thé thuc hién cdc chirc ndng lién quan dén mot hoic nhiéu
trong sb chuyén dit liéu nguoi ding, ma héa va giai ma kénh vo tuyén, bao vé tinh nguyén
ven, nén phén diu, chic ning diéu khién tinh di dong (vi du, chuyén giao, két ndi kép),
phéi hop nhiu lién 6, thiét 1p két ndi va ngét két n6i, can bing tai, phan bd ddi véi cac
ban tin t::ing khong truy cép (non-access stratum - NAS), éhon nuat NAS,‘dc“)ng bo hoa, dung
chung RAN, dich vu phéat quing bd va phét da huéng da phuong tién (Multimedia
broadcast multicast service - MBMS), do theo thu€ bao va thiét bi, quan ly thong tin RAN
(RAN information management - RIM), tim goi, dinh vi va giti ban tin canh bao. Cac tram
gbc 102 co thé truyén thong v6i nhau theo cach truc tiép hodc gian tiép (vi dy, thong qua
EPC / 5GC) trén c4c lién két backhaul 134, c6 thé c6 day hodc khong day.

Tram gbc 102 c6 thé truyén thong khong day véi UE 104. MB&i tram gbc trong sd
céc tram gde 102 ¢ thé cung cp ving phu séng truyén thong cho khu vyc phu séng dia
1y twong ting 110. Theo mdt khia canh, mot hodc nhiéu 6 ¢6 thé dugc tram géc 102 hd tro
trong mdi khu vyc phi séng 110. “(y” 13 thyc thé truyén théng logic dung dé truyén thong
vé6i tram gbe (vi dy, trén mot sb tai nguyén tan sb, goi 1a tAn sb s6ng mang, séng mang

thanh phﬁn, séng mang, bang tin, hodc twong tu), va c thé di kém véi ma dinh danh (vi
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du, ma dinh danh 6 vat ly (physical cell identifier - PCI), ma dinh danh 6 4o (virtual cell
identifier - VCI), ma dinh danh 6 toan ciu (cell global identifier - CGI)) dé phén biét cac
0 hoat dong qua tAn sb song mang gidng hoic khéc nhau. Trong mot sb truong hop, cac 0
khéc nhau c6 thé dwoc tao cAu hinh theo céc loai giao thirc khac nhau (vi du, truyén théng
kiéu mdy (machine-type communication - MTC), IoT bing hep (narrowband Internet-of-
Things - NB-IoT), bing rgng di dong néng cao (enhanced mobile broadband - eMBB),
hoic giao thirc khac) ma cé thé cung cép quyeén truy cp cho cac loai UE khéc nhau. Vi 0
duoc hd tro bdi tram géc cu thé, thuat ngit “6” cb thé chi mot trong s6 hodc ca thuc thé
truyén thong logic va tram gbc hd tro no, tiy thude vao ngit canh. Ngoai ra, vi TRP thuong
1a diém phat vat 1y caa 0, cdc thudt nglt “6” Ve‘t_ “TRP” c6 thé dugc st dung thay thé cho
nhau. Trong mot s6 truong hop, thut ngit “6” c6 thé con chi khu vuc pht séng dia ly cua
tram gbc (vi dy, secto), & mic ma tAn sé séng mang c6 thé dugc phat hién va dung dé
truyén thong trong mot s6 phén ctia cac khu vuc phi séng dia ly 110.

Mic dir cdc khu vue phi séng dia Iy 110 cua tram géc dang 6 macro 102 lan cén ¢
thé chdng 14n mot phén (vi dy, & ving chuyén giao), mot s6 khu vuc phu séng dia ly 110
¢6 thé bi chdng 14n dang ké boi khu vuc phi séng dia ly 110 16n hon. Vi dy, tram gbc dang
6 nhé 102' ¢6 thé c6 khu vuc phu séng 110' chdng 14n dang ké vé6i khu vuc phi séng 110
cua mot hodc nhiéu tram géc dang 6 macro 102. Mang ma c6 ca tram géc dang 6 nhd va 6
macro c6 thé dugc goi 1a mang khong ddng nhét. Mang khong ddng nhét cling co thé gdm
céc eNB trong nha (home eNB - HeNB), ma ¢6 thé cung cp dich vu cho mdt nhém han
ché goi 12 nhém thué bao kin (closed subscriber group - CSG). | |

C4c lien két truyén thong 120 gifta cac tram gbc 102 va cac UE 104 c6 thé bao gdm
céc cudc truyén dudng 1én (con goi la lién két ngugc) tr UE 104 dén tram gbc 102 va/hodc
céc cudc truyén dudng xubng (cc‘)ﬁ goi la lién két xubi) tir tram gbc 102 dén UE 104. Cé4c
lién két truyén thong 120 c6 thé sir dung cong nghé anten MIMO, gbm ghép kénh khong
gian, diéu huéng chim séng va/hogdc phén tép truyén. Cac lién két truyén thong 120 c6 thé
la qua mot hodc nhiéu tAn s6 séng mang. Viéc phan bd séng mang c6 thé khong dbi xtmg
i v6i dudng xudng va duong 1én (vi du, séng mang c6 thé duoc phan bd cho dudng
xudng it hon hodc nhiéu hon so véi cho dudng 1én).

Heé thdng truyén thong khong day 100 c6 thé con bao gdm diém truy cép (access
point - AP) mang cuc bd khong day (WLAN) 150 truyén thong véi cac tram (STA) WLAN
152 qua lién két truyén‘ thong 154 trong_phé tn dugc midn cép phép (vi du, 5 GHz). Khi
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truyén thong trong phd tAn dugc mién cp phép, STA WLAN 152 va/hoic AP WLAN 150
¢6 thé thuc hién thd tuc danh gia kénh 16i (clear channel assessment - CCA) hoac nghe
trude khi noi (listen before talk - LBT) trude khi truyén thong dé x4c dinh xem kénh nay
c6 kha dung hay khong.

Tram gbc dang 6 nhé 102' ¢6 thé hoat dong trong phd tin duoc cp phép va/hodc
dwoc mién cip phép. Khi hoat dong trong phé tAn dugc mién cdp phép, tram gbc dang 6
nhé 102' c6 thé st dung cong nghé LTE hodc NR va sit dung cung mot phd tan dugc mién
cép phép 5 GHz nhu AP WLAN 150 sit dung. Tram gbc dang 6 nho 102', st dung LTE /
5G trong phd tin dugc midn cp phép, 6 thé ting su phii séng cho mang truy cép va/hodc
ting dung lugng ctua mang truy cap. NR trong phd duoc mién cip phép co thé duogc goi 1a
NR-U. LTE trong phd dugc mién cAp phép c6 thé duoc goi 1a LTE-U, truy cap hd trg duoc
cép phép (licensed assisted access - LAA), hodc MulteFire.

Hé théng truyén thong khong day 100 c6 thé con bao gém tram gbc song milimet
(millimeter wave - mmW) 180 ma co6 thé hoat dong trong céc tan s6 mmW va/hodc céc
tdn sb gn mmW dé truyén thong véi UE 182. Tan sb cuc ky cao (Extremely high
frequency - EHF) la mot phin cia RF trong phé dién tir. EHF c6 pham vi tir 30 GHz dén
300 GHz va budc song tir 1 milimet dén 10 milimet. Céc4sc')ng v tuyén trong bing nay c6
thé dugc goi 1a séng milimet. Tén s6 gin mmW c6 thé mé rong xubng dén tin sb 3 GHz
v6i budce séong 100 millimet. Bang tin sb siéu cao (super high frequency - SHF) mo rong
trong khoang tir 3GHz dén 30GHz, con dugc goi 1a song xentimet. Céc cude truyén thong
st dung bing tan s6 vo tuyén mmW/ gin mmW c6 d6 hao hut duong truyén cao va pham
vi tuong dbi ngén. Tram gbc mmW 180 va UE 182 ¢6 thé st dung k¥ thuét diéu hudng
chim séng (truyén va/hoic nhén) trén lién két truyén thong mmW 184 dé bu lai 6 hao
hut dwdng truyén cyc cao va pham vi ngin. Ngoai ra, cAn phai hidu r& ring & cac cau hinh
khéc, mot hodc nhiéu tram gbc 102 con ¢b thé truyén bang céch st dung mmW hodgc gén
mmW va k¥ thuét diéu huéng chim séng. Theo do, can phai hidu o rdng cdc phan minh
hoa trén day chi mang tinh vi du va khong nén duoc hiéu 12 1am gidi han céc khia canh
khac nhau duoc boc 16 & day. ‘

Diéu huéng chum séng truyén 13 k¥ thuat dé tap trung tin hiéu RF theo hudng cu
thé. Thong thudng, khi nit mang (vi dy, tram gbc) phat quang ba tin higu RF, né phat
quang ba tin hiéu theo tat ca cac huéng (da hudng). Véi viée diéu hudng chum séng truyén,

nut mang xac dinh thiét bi dich cho trudc (vi dy, UE) ndm & déu (so v6i nat mang truyén)
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va phat ra tin hiéu RF duong xubng manh hon theo huéng cu thé d6, nhd d6 cung cip tin
hiéu RF nhanh hon (Vé mit tbc @6 dit liéu) va manh hon cho (céc) thiét bi nhan. Dé thay
dbi hudéng cua tin hiu RF khi truyén, nit mang c6 thé didu khién pha va bién d6 twong
g cua tin hiéu RF & mdi bo phét trong s6 mot hodc nhiéu bo phéat dang phat quang bé tin
hiéu RF. Vi dy, nit mang ¢é thé sir dung méang anten (duoc goi la “mang dinh pha” hodc
“mang anten”) tao ra chum séng RF ¢o6 thé duoc “14i” dé chi theo cac hudng khéac nhau,
ma khong cin di chuyén anten trong thuc té. Cu thé, dong RF tir bd phat dugc cép vao
anten riéng v6i mbi quan hé pha chinh xac sao cho séng v tuyén tir anten riéng cong lai
dé 1am ting burc xa & hudng mong mubn, trong khi khir dé giam birc xa ¢ cac huéng khong
mong mudn.

Céc chum truyén c6 thé gén nhu c6 cing vi tri, nghia 1a ddi véi bd thu (vi dy, UE)
thi ching c6 cung cac tham s6, bét ké chinh céc anten truyén ctia nit mang c6 cling vi tr
vét ly hay khong. Trong NR, ¢6 bén kiéu médi quan hé gin nhu cing vi tri (quasi co-
location - QCL). Pic biét, mdi quan hé QCL theo kiéu cho trudc c6 nghia 1a mot s6 tham
s6 vé tin hiéu RF tham chiéu tht hai trén chum thit hai c6 thé duoc suy ra tix thong tin vé
tin hiéu RF tham chiéu ngudn trén chum gbe. Do do, néu tin hiéu RF tham chidu ngudn 1a
QCL Kiéu A, b thu ¢6 thé st dyng tin hiéu RF tham chiéu nguén dé w6 luong o dich
Doppler, do lan truyén Doppler, 40 tré trung binh, va do lan truyén tré cua tin hiéu RF
tham chiéu thit hai dugc truyén trén cing kénh. Néu tin hiéu RF tham chiéu nguén 12 QCL
Kidu B, bo thu c6 thé sir dung tin hiéu RF tham chiéu ngudn dé wéc lugng d6 dich Doppler
va do lan truyén Doppler clia tin hi€u RF tham chibu th hai dugc truyén trén cing kénh.
Néu tin hiéu RF tham chiéu nguﬁ‘)n 1a QCL Kiéu C, b6 thu c6 thé str dyng tin hiéu RF tham
chiéu ngudn dé wéc lugng d6 dich Doppler va do tr& trung binh cta tin hiéu RF tham chiéu
thir hai dugc truyén trén cing kénh. Néu tin hiéu RF tham chiéu ngudn 1a QCL Kiéu D,
b6 thu c6 thé str dung tin hiéu RF tham chiéu ngudn dé uéc lugng tham s6 nhan theo khong
gian ctia tin hiéu RF tham chidu th hai dugc truyén trén cung kénh.

Trong viéc diéu huéng chim séng nhén, bd thu st dung chum nhén dé khuéch dai
céc tin hiéu RF phét hién duoc trén kénh cho truée. Chang han, bo thu c6 thé 13m ting
thiét 1ap dd lgi va/hodc didu chinh thiét 1ap pha cia méang anten theo huéng cu thé dé
khuéch dai (vi du, dé 1am ting muc do loi ctia) cac tin higu RF nhan duogc tir hudng do.
Do d6, khi bd thu duoc cho 14 didu huéng chim séng theo hudng nhét dinh, diéu d6 co6

nghia 13 d6 lgi chim & hudéng d6 cao hon so v6i d6 loi chum theo cac huéng khéc, hodc
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d6 lgi chum & huéng d6 1a 16n nhét so v6i do loi chum theo huéng d6 cua tAt ca cac chum
nhén khac kha dung cho bd thu. Diéu nay din dén cuong @6 tin hiéu nhén duoc manh hon
(vi dy, cong suit nhan tin hiéu tham chiéu (reference signal received power - RSRP), chit
luong nhén tin hi¢u tham chiéu (reference signal received quality - RSRQ), ty s6 tin hidu
trén nhidu cdng tap 4m (signal-to-interference-plus-noise ratio - SINR), v.v.) cta cic tin
hiéu RF nhan dugc tir huéng do.

Céc chim nhan c6 thé c6 lién quan vé mit khong gian. Quan hé vé& mit khong gian
nghia 13 céc tham sb danh cho chum truyén tin hidu tham chiéu tht hai c6 thé dugc suy ra
tir thong tin vé chiim nh4n tin hiu tham chiéu thi nhét. Vi du, UE c6 thé st dung chum
nhin cu thé @& nhan mot hodc nhiéu tin hiéu tham chiéu dudng xuéng tham chiéu (vi du,
c4c tin hiéu tham chiéu dinh vi (positioning reference signal - PRS), céc tin hiéu tham
chiéu theo doi (tracking reference signal - TRS), tin hi€u tham chiéu theo ddi pha (phase
tracking reference signal - PTRS), tin hi¢u tham chiéu danh riéng cho 0 (cell-specific
reference signal - CRS), tin hiéu tham chiéu thong tin trang thai kénh (channel state
information reference signal - CSI-RS), tin hi€u ddng bd hoa so cAp (primary
synchronization signal - PSS), tin hiéu ddng bo hoa thi clp (secondary synchronization
signal - SSS), khéi tin hiéu ddng bd hoa (synchronization signal block - SSB), v.v.) tir tram
géc. Sau d6 UE c6 thé tao chum soéng truyén dé gri mdt hodc nhiéu tin hiéu tham chiéu
duong 1én (vi dy, céc tin hi¢u tham chiéu dinh vi duong 1én (uplink positioning reference
signal - UL-PRS), tin higu tham chiéu thim do (sounding reference signal - SRS), tin hiéu
tham chiéu giai didu ché (demodulation reference signal - DMRS), PTRS, v.v.) dén tram
géc do dl,ia vao cac tham sb ctia chum nhan.

Luu ¥ ring chum “dudng xubng” c6 thé 12 chum truyén hogic chum nhén, tly theo
thuc thé tao ra no. Vi du, néu tram géc tao ra chum duong xuéng dé tfuyén tin hiéu tham
chiéu dén UE, thi chum duong xubng 12 chum truyén. Tuy nhién, néu UE tao ra cham
dudng xubng, thi né 1a chum nhén dé nhan tin hiéu tham chiéu duong xudng. Tuong tu,
chum “dudng 1én” c6 thé 1a chim truyén ho#ic chum nhén, tiry theo thuce thé tao ra né. Vi
du, néu tram géc tao ra chum dudng 1én, thi né la chum nhan duong 1én, va néu UE taora
chium dudng 1én, thi n6 1a chum truyén dudng 1én.

Trong cong nghé 5G, phd tAn ma cac nat khong day (vi du, cac tram gbc 102/180,
cac UE 104/182) hoat dong & d6 dugc chia thanh nhidu dai tan sb, FR1 (tit 450 dén 6000
MHz), FR2 (tir 24250 dén 52600 MHz), FR3 (trén 52600 MHz), va FR4 (gitta FR1 va
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FR2). Trong hé théng da séng mang, ching han nhu 5G, mét trong sé cac tAn sb séng
mang dugc goi 1a “séng mang chinh” hodc “séng mang neo” hodc “6 phuc vu chinh” hay
“pCell”, va céc tAn sd séng mang con lai dugc goi 14 “séng mang phu” hodc “6 phuc vu
phu” hay “SCell”. Trong k¥ thuét cong gdp séng mang, song mang neo la song mang hoat
dong trén tan sé chinh (vi dy, FR1) dugc st dung bdi UE 104/182 va d ma & d6 UE 104/182
thuc hién thu tuc thiép lap két ndi didu khién tai nguyén vo tuyén (radio resource control -
RRC) ban d4u hoic khéi tao thu tuc tai thiép 1ap két ndi RRC. Séng mang so cép mang tat
ca cac kénh didu khién chung va danh riéng cho UE, va co thé 1a séng mang trong tan sb
dwoc cip phép (tuy nhién khong phéi lic ndo cling viy). Séng mang phu la song mang
hoat dong trén tAn sb thir hai (vi du, FR2) ma c6 thé duoc tao chu hinh khi két ndi RRC
dwoc thiét lap gitta UE 104 va song mang neo va ¢d thé dugc st dung dé cung clp céc tai
nguyén vo tuyén bd sung. Trong mot s6 trudng hop, séng mangphy c6 thé 13 séng mang
trong tan s6 duoc mién cép phép. Séng mang phu c6 thé chi chira cac tin hiéu va thong tin
b4o hiéu cin thiét, vi du, cac tin hiéu va thong tin danh riéng cho UE ¢6 thé khong c6 mat
trong song mang phy, vi cd séng mang duong xudng va dudng 1én chinh thuong 1a danh
riéng cho UE. Didu nay c6 nghia 12 cac UE 104/182 khac nhau trong mot 6 ¢o thé c6 cac
song mang chinh duong xubng khac nhau. Diéu twong tu cling dung vdi cic .séng mang
chinh dudng 1én. Mang co thé thay ddi séng mang chinh ctia moi UE 104/182 bét ¢ ltc
nao. Piéu nay xay ra 8, vi du, cAn bing tai trén cdc song mang khac nhau. Vi “6 phuc vu”
(PCell hoic SCell) twong tng voi tAn sb song mang / song mang thanh phin ma mot s6
tram gbc dang truyén thong trén d6, thudt ngit “6”, “6 phuc vu”, “song mang thanh phan”,
“t3n s6 song mang”, va cac thut ngft twong ty co thé duoc st dung thay thé cho nhau.

Vi dy, vin d& cap dén Fig.1, mot trong sb cac tAn sb dugc st dung bdi cac tram gbe
dang 6 macro 102 co thé ]a séng mang neo (hodc “PCell”) va cac tan s6 khéac duoc sit dung
boi cac tram géc dang 6 macro 102 va/hodc tram géc mmW 180 ¢ thé 13 séng mang phu
(“SCell”). Viéc truyén va/hodc nhén cing lic nhiéu séng mang cho phép UE 104/182 téng
dang ké tdc do truyén va/hogic nhan dit liéu ctia n6. Vi du, vé ly thuyét thi hai séng mang
gdp 20 MHz trong hé théng da séng mang s& dn dén toc d6 dit liéu tang gép d6i (tic 13,
40 MHz), so voi tdc d6 dat duoc tr mt séng mang 20 MHz.

Hé théng truyén thong khong déy 100 co thé con bao gdm mot hodc nhidu UE,
chéng han nhu UE 190, két nbi gian tiép v6i mot hodc nhidu mang truyén thong qua mot

hoic nhidu lién két ngang hang (peer-to-peer - P2P) tir thiét bi dén thiét bi (device-to-
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device - D2D). Theo vi du trén Fig.1, UE 190 ¢6 lién két P2P D2D 192 v6i mot trong s6
cac UE 104 dugc két ndi v6i mdt trong cac tram géc 102 (vi du, qua d6 UE 190 c6 thé
gifn tiép thu duoc két ndi dang 6) va lién két P2P D2D 194 v6i STA WLAN 152 duoc két
n6i v6i AP WLAN 150 (qua @6 UE 190 c6 thé gién tiép thu duge két nbi Internet dwa vao
WLAN). Trong mot vi dy, cac lién két P2P D2D 192 va 194 c6 thé dugc hd trg v6i moi
RAT D2D di biét dén rong rai, ching han nhu LTE tryc tiép (LTE Direct - LTE-D), WiFi
truc tiép (WiFi Direct - WiFi-D), Bluetooth®, v.v.

Heé théng truyén thong khdng day 100 c6 thé con bao gdm UE 164 ma c6 thé truyén
théng voi tram gbc dang 6 macro 102 trén lién két truyén thong 120 va/hodc tram gbc
mmW 180 trén lién két truyén thong mmW 184. Vi dy, tram gbc dang 6 macro 102 c6 thé
hd trg PCell va mdt hodc nhidu SCell cho UE 164 va tram géc mmW 180 c6 thé hd tro
mét hodc nhidu SCell cho UE 164.

Theo cac khia canh khac nhau, Fig.2A minh hoa vi du vé cAu tric mang khong day
200. Vi dy, SGC 210 (con goi 1 16i thé hé tiép theo (Next Generation Core - NGC)) vé
mit chitc nang co thé dugc xem 1a cdc chirc ndng mat phing diéu khién 214 (vi dy, ddng
ky UE, xac thyc, truy cap mang, chon céng, v.v.) va cac chuc ndng mat phéng nguodi dung
212 (vi dy, chirc ndng cdng UE, truy cdp vao cac mang di liéu, dinh tuyén giao thirc
internet (Internet protocol - IP), v.v.) hoat dong phdi hop véi nhau dé tao thanh mang 13i.
Giao dién mit phing ngudi dung (NG-U) 213 va giao dién mat phing didu khién (NG-C)
215 két ndi gNB 222 v6i 5GC 210 va cu thé 1a véi cac Chl’Ic nang mat phing didu khién
214 va cac chltc ndng mat phing ngudi ding 212. Trong cAu hinh bd sung, ng-eNB 224
con ¢6 thé duoc két ndi v6i SGC 210 qua NG-C 215 véi céce chirc nang mat phing diéu
khién 214 va NG-U 213 v6i cac chirc ndng mat phing nguoi dung 212. Ngoai ra, ng-eNB
224 ¢6 thé truyén thong truc tiép véi gNB 222 qua k&t ndi backhaul 223. Trong mdt s chu
hinh, RAN méi 220 ¢6 thé chi c¢6 mdt hode nhiéu gNB 222, trong khi céc cAu hinh khac
bao gdm mot hodc nhidu trong s6 ca ng-eNB 224 va gNB 222. gNB 222 hodc ng-eNB 224
¢6 thé truyén thong véi cac UE 204 (vi dy, UE bét ky trong sé cac UE duoc thé hién trén
Fig.1). Khia canh tuy y khac c6 thé bao gdbm méy chu vi tri 230, may nay co thé truyén
thong véi SGC 210 dé trg gitp v& vi tri cho cac UE 204. Méy chi vi tri 230 c6 thé dugc
tridn khai du6i dang nhiéu may chi riéng biét (vi dy, cdc may chu riéng biét vé mat vat 1y,
c4c modun phan mém khac nhau trén mot mdy chu, cic fnodun phén mém khéc nhau trai

trén nhidu may chu vat 1y, v.v.), hodc theo cich khac, mdi trong so6 d6 c6 thé twong ung
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v6i mot may chi. May chu vi trf 230 ¢6 thé dugc tao cAu hinh dé hd trg mot hodc nhiéu
dich vu vi tri cho cac UE 204 ma c6 thé két ndi v6i may chu vi tri 230 qua mang 161, 5GC
210, va/hodc qua Internet (khong duoc minh hoa). Ngoai ra, méay chi vi tri 230 c6 thé dugc
tich hop thanh mot thanh phﬁn ctia mang 18i, hodc theo cach khéc, co thé nim ngoai mang

~®

181.

Theo céc khia canh khac nhau, Fig.2B minh hoa vi du khac vé cu tric mang khong
day 250. Vi dy, 5GC 260 v& mit chirc ning c6 thé dugc xem 1a cac chitc ndng mat phing
diéu khlen cung cdp boi chic ning quan ly di dong va truy cap (access and mobility
management function - AMF) 264, va cac chirc nang mat phing ngudi dung, cung cap bai
chirc ning mat phing ngudi dung (user plane function - UPF) 262, hoat dong ph01 hop véi
nhau d8 tao thanh mang 16i (tre 13, 5GC 260). Giao dién mit phang ngudi dung 263 va
giao dién mit phing didu khién 265 1an luot két néi ng-eNB 224 v6i 5GC 260 va cy thé 1a
v6i UPF 262 va AMF 264. Trong c4u hinh bd sung, gNB 222 con ¢6 thé dugc két ndi véi
5GC 260 qua giao dién mdt phing didu khién 265 v6i AMF 264 va giao dién mat phing
ngudi ding 263 v6i UPF 262. Ngoai ra, ng-eNB 224 ¢6 thd tryc tiép truy&n thong véi gNB
222 qua két nbi backhaul 223, ¢6 hodc khong c6 két ndi truc tiép gNB v6i 5GC 260. Trong
mdt sb cau hinh, RAN m6i 220 c6 thé chi c6 mot hodc nhiéu gNB 222, trong khi céc chu
hinh khéc bao gdm mot hodc nhiéu trong sé ca ng-eNB 224 va gNB 222. gNB 222 hodc
ng-eNB 224 ¢6 thé truyén thong vé6i cac UE 204 (vi du, UE bét ky trong s6 cac UE duge
thé hién trén Fig.1). Cac tram gbc ctia RAN méi 220 truyén thong véi AMF 264 trén giao
dién N2 va véi UPF 262 trén giao dién N3.

Céc chitc nang cua AMF 264 bao gbm quan 1y ding ky, quan ly két ndi, quan 1y
kha ning truy cép, quén ly tinh di dong, danh chin hop phép, truyén tai cdc ban tin quan
Iy phién (session management - SM) gifta UE 204 va chuic ning quan ly phién (session
management function - SMF) 266, cac dich vu {ty nhiém minh bach cho cac ban tin SM
dinh tuyén, x4c thyc truy cép va cip quyén truy cp, truyén tai cac ban tin dich vu ban tin
ngén (short message service - SMS) gitta UE 204 va chtrc ning dich vu ban tin ngin (short
message service function - SMSF) (khong duge thé hién), va chirc ning neo an ninh
(security anchor functionality - SEAF). AMF 264 con giao tiép v6i chitc ning may chu
xac thuc (authentication server function - AUSF) (khong duoc thé hién) va UE 204, va
nhan khéa trung gian da dugc thiét 14p nhd qua trinh xéac thue UE 204. Trong treong hop

x4c thuc dya vao modun dinh danh thué bao hé théng vién thong di dong toan cau
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(Universal Mobile Telecommunications System (UMTS) Subscriber Identity Module -
USIM), AMF 264 truy xuét dit liéu bao mat tir AUSF. Cac chirc nang cua AMF 264 con
bao gdm quan Iy ngi canh bao mét (security context management - SCM). SCM nhéan
khoa tit SEAF ma n6 ding dé suy ra cac khoa danh riéng cho mang truy cdp. Chiic ndng
ciia AMF 264 con bao gdm quan 1y céc dich vu vi tri cho cac dich vu thong thudng, truyén
tai céc ban tin dich vu vi tri gitta UE 204 va chirc ndng quan ly vi tri (location management
function - LMF) 270 (hoat dong nhu may chu vi tri 23 0), truyén tai céc ban tin dich vu vi
tr{ gifta RAN méi 220 va LMF 270, phan bd mi dinh danh kénh mang hé théng goi cai
tién (evolved packet system - EPS) dé phéi hop véi EPS, va ban tin sy kién di dong cia
UE 204. Ngoai ra, AMF 264 con hd tro cac chirc ning cho cac mang truy cép khong thude
3GPP.

Céc chttc ning cua UPF 262 bao gdm hoat dong nhu diém neo cho tinh di dong
noi/lién RAT (khi ¢6 thé), hoat dong nhu diém phién don vi dif ligu giao thirc (protocol
data unit - PDU) ngoai cua két néi lien mang v6i mang dir liéu (khong duogc thé hién),
cung cip dinh tuyén goi va chuyén tiép goi, kiém tra goi, cudng ché lut chinh sach mit
phing ngudi ding (vi du, tao cdng, téi diéu huéng, 14i lru lugng), danh chin hop phap
(tap hop mat phing ngudi dung), béo céo vé viéc sir dung luu luong, kidm soét chat lugng
dich vu (quality of service - QoS) cho mat phﬁng nguoi dung (vi dy, cudng ché tdc dd
UL/DL, dénh ddu QoS phén chiéu trong duong xubng), xac minh luu lugng dudng 1én
(dong dit lidu dich vu (service data flow - SDF) 8 anh xa dong QoS), danh déu gbi mirc
truyén tai trong dudng 1én va dudng xubng, dém gbi dudng xubng va khéi tao ban tin dit
liéu duong xudng, va giri va chuyén tiép mot hoic nhidu “danh d4u két thiic” cho nat RAN
ngudn. UPF 262 con ¢6 thé hd tro truyén cac ban tin dich vu vi trf trén mat phing ngudi
ding gitta UE 204 va may cht vi tri, ching han nhu nén tang dinh vi vi trf mat phéng ngudi
ding an toan (secure user plane location - SUPL) (SUPL location platform - SLP) 272.

Céc chuc ning cia SMF 266 bao gdm quan ly phién, quan ly va phan bd dia chi
giao thirc internet (IP) cho UE, Iya chon va didu khién céc chirc ndng mat phéng nguoi
dung, chu hinh 14i Iwu luong tai UPF 262 dé dinh tuyén luu lvong dén diém dich dung,
didu khidn mot phén cia cudng ché chinh sach va QoS, va thong bao dit liéu duong xubng.
Giao dién ma qua d6 SMF 266 truyén thong véi AMF 264 dugc goi 1a giao dién N11.

Khia canh tuy y khac cé thé bao gdbm LMF 270, c6 Vthé truyén thong véi 5GC 260
dé cung cAp su tro gitp vi tri cho cac UE 204. LMF 270 ¢6 thé duogce trién khai dudi dang
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nhidu may cha riéng biét (vi du, cac mdy chi riéng biét vé mit vat 1y, cac modun phan
mém khéc nhau trén mot may chi, cdc modun phan mdm khac nhau trai trén nhiéu méy
chu vat Iy, v.v.), hodc theo cach khac, mdi trong s6 d6 c6 thé twong tng véi mét may chi.
LMF 270 c6 thé duoc tao cAu hinh dé hd tro mot hodc nhiéu dich vu vi tri cho cac UE 204
ma 6 thé két ndi véi LMF 270 qua mang 18i, 5GC 260, va/hodc qua Internet (khong dugce
minh hoa). SLP 272 ¢6 thé hd tro cc chirc ning twong ty cho LMF 270, nhung trong khi
LMF 270 c6 thé truyén thong véi AMF 264, RAN méi 220 va cac UE 204 qua mat phéng
didu khién (vi dy, bang céch st dung cac giao dién va cac giao thirc dy dinh dé truyén tai
céc ban tin béo higu va khong phai 1a thoai hodc di liéw), SLP 272 c6 thé truyén thong véi
cac UE 204 va cac may khach bén ngoai (khong dugc thé hién trén Fig.2B) qua mat phing
nguoi dung (vi du, bang cach sir dung céc giao thirc dy dinh dé mang thoai va/hodc dit liéu
nhu giao thic didu khién cudc truyén (transmission control protocol - TCP) va/hodc IP).

Céc Fig.3A, Fig.3B va Fig.3C minh hoa mot s6 thanh phin miu (dugc biéu dién
boi cac khbi twong tmg) ma ¢o thé duoc dua vao UE 302 (co thé twong ng v6i moi UE
dugc mé ta & day), tram gbc 304 (c6 thé twong ng v&i moi tram gbc dugc mob ta & day),
va thyc thé mang 306 (co thé twong mg v6i hodc bao gdm céc chirc ning mang bét ky
duoc md ta & ddy, bao gdm may chi vi trf 230, LMF 270, va SPL 272) @& hd tro c4c hoat
dong truyén tap tin nhu duge bdc 19 trong séng ché nay. Can hiéu ring cac thanh phan nay
céd thé duogc trién khai trong cac loai méay khac nhau theo cdc phwong én thyc hién khac
nhau (vi dy, trong ASIC, trong hé thdng trén chip (System-on-Chip - SoC), v.v.). Cac thanh
phén dugc minh hoa ciing c6 thé dugc dua vao cac may khac trong hé théng truyén thong.
Ching han, c4c méy khéc trong hé théng c6 thé bao gdm cac thanh phén twong tu véi cac
thanh phan dwgc md ta dé cung cép chirc ning twong tur. Ngoai ra, may cho trude co thé
chira mot hodc nhiéu trong céc thanh phén nay. Chéng han, may c6 thé bao gdm nhiéu
thanh phin b thu phét cho phép mdy hoat dong trén nhiu séng mang va/hodc truyén
théng qua cac cong nghé khac nhau.

MBbi trong s6 UE 302 va tram géc 304 14n lugt bao gém b0 thu phét mang dién rong
khong diy (WWAN) 310 va 350, dugc tao céu hinh d@é truyén thong qua mot hogc nhiéu
mang truyén thong khong ddy (khong dugce thé hién), ching han nhu mang NR, mang
LTE, mang GSM, va/hogc tuong tu. Cac b thu phat WWAN 3 10 va 350 c6 thé duogc lan
lwot két nbi véi mot hodc nhidu anten 316 va 356 dé truyén thong v6i cdce niat mang khéc,

chﬁng han nhu céc UE, diém truy cap, cac tram géc khéc (vi du, eNB, gNB), v.v., thong
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qua it nhit mot RAT chi dinh (vi du, NR, LTE, GSM, v.v.) trén phuong tién truyén thong
khong ddy mong mudn (vi du, mot s6 tap hop tai nguyén thoi gian/tén s6 trong phd tan cu
thé). Céc bd thu phat WWAN 310 va 350 ¢6 th dwgc tao cAu hinh khac nhau dé 1an luot
truyén va ma hoa céc tin hiéu 318 va 358 (vi dy, ban tin, chi béo, thong tin, va tuong tu),
va nguoc lai, d8 13n luot nhan va gidi ma cac tin hi¢u 318 va 358 (vi du, ban tin, chi bao,
thong tin, tin hiéu hoa tiéu, va tuong tur), theo RAT chi dinh. Cu thé, cac bo thu phat 310
va 350 14n luot bao gém mot hodc nhiéu bo phat 314 va 354, @8 14n luot truyén va ma hoa
c4c tin hiéu 318 va 358, va lan lugt bao gém mot hodc nhiéu bd thu 312 va 352 @& 14n luot
nhén va giai ma cac tin hiéu 318 va 358.

UE 302 va tram géc 304 con lan luot bao gém, it nhét 13 trong mot ) treong hop,
cac bd thu phat mang cﬁc b6 khong day (WLAN) 320 va 360. Cac bd thu phat WLAN 320
va 360 ¢6 thé duoc 1an luot két ndi v6i mot hoic nhiéu anten 326 va 366, dé truyén thong
véi cac nat mang khac, chéng han nhu cac UE, diém truy cip, cac tram géc, v.v. khéc,
thong qua it nhit mot RAT chi dinh (vi dy, WiFi, LTE-D, Bluetooth®, v.v.) trén phuong
tién truyén thong khong day mong mudn. Céc bd thu phat WLAN 320 va 360 co thé duogc
tao cAu hinh khac nhau dé 1dn luot truyén va ma hoa céc tin hi¢u 328 va 368 (vi dy, ban
tin, chi bao, thong tin, va twong tw), va ngugc lai, dé 1An luwot nhan va gidi ma céc tin hiéu
328 va 368 (vi dy, ban tin, chi bdo, thong tin, tin hiéu hoa tiéu, va twong tu), theo RAT chi
dinh. Cu thé, c4c bo thu phat WWAN 320 va 360 1an lugt bao gém mot hodc nhiéu bd phat
324 va 364, & lan luot truyén va ma héa céc tin hiéu 328 va 368, va 1an lugt bao gf")m mot
hosic nhidu b thu 322 va 362 dé 14n luot nhan va giai ma cae tin higu 328 va 368.

Mach thu phat gbm it nhét mot bo phét va it nhét mét bd thu cd thé bao gém thiét
bi tich hop (vi dy, duoc thé hién duéi dang mach bd phat va mach b thu cia mot thiét bi
truyén thong) theo mot sb. phuong 4n thyc hién, ¢6 thé bao gdm thiét bi bd phat riéng va
thiét bi b6 thu riéng theo mot $6 phuong 4n thyc hién, hodc c6 thé duogc thé hién theo cach
khac trong cac phuong an thuc hién khac. Theo mot khia canh, bd phat c6 thé bao gdm
hodc dugc ghép ndi véi nhidu anten (vi du, cac anten 316, 326, 356, 366), chéng han nhu
méng anten cho phép may tuwong tng thyc hién “diéu huéng chum song” truyén nhu duge
mb ta & diy. Tuong tu, bd thu cd thé bao gdbm hoic duge ghép ndi v6i nhidu anten (vi du,
cac anten 316, 326, 356, 366), ching han nhu mang anten cho phép may tuong rng thuc
hién didu huéng chum song nhén, nhu duge mé ta & day. Theo mdt khia canh, by phat va

bd thu c6 thé dung chung nhiéu anten (vi du, cac anten 316, 326, 356, 366), sao cho may
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tuong tmg c6 thé chi nhan hogc truyén & thdi didm cho truéc, khong phai ca hai & cing
thoi didm. Thiét bi truyén thong khong day (vi du, mt hodc cé hai trong s6 cac bd thu phat
310 va 320 va/hodc 350 va 360) cia UE 302 va/hodc tram gbc 304 con co thé bao gdm
modun léng nghe mang (Network Listen Module - NLM) hodc tuong tu dé thuc hién céc
phép do khéc nhau.

UE 302 va tram géc 304 con bao g@)m, it nhét trong mot sb trudng hop, céc bd thu
hé théng dinh vi vé tinh (satellite positioning system - SPS) 330 va 370. Cac bd thu SPS
330 va 370 c6 thé dwoc két ndi 1an lugt véi mot hodc nhidu anten 336 va 376, dé lan lugt
nhén céc tin hiéu SPS 338 va 378, ching han nhu cac tin hiéu hé théng dinh vi toan clu
(global positioning system - GPS), cdc tin hidu hé théng vé tinh diéu huéng toan cau
(global navigation satellite system - GLONASS), cac tin hiéu Galileo, cac tin hiéu Beidou,
hé thdng vé tinh diéu huéng khu vye An Do (Indian Regional Navigation Satellite System
_ NAVIC), hé théng vé tinh gin thién dinh (Quasi-Zenith Satellite System - QZSS), v.v.
Céc bd thu SPS 330 va 370 ¢6 thé bao gdm phan ciimg va/hodc phﬁn mém thich hop bét
ky d& 14n luot nhan va xt Iy cc tin higu SPS 338 va 378. Céc b thu SPS 330 va 370 yeu
cAu thong tin va cac hoat dong thich hop tir cac hé théng khac, va thuc hién cac phép tinh
cAn thiét @é x4c dinh vi tri cia UE 302 va tram gbc 304 bang cach st dung cac két qua do
thu duoc bi moi thuat todn SPS thich hop bat k.

MBJi trong sé tram gbc 304 va thuc thé mang 306 bao gbm it nhé4t mot giao dién
mang 380 va 390 dé truyén thong véi cac thuc thé mang khac. Vi du, cac giao dién mang
380 va 390 (vi du, mgt hodc nhiéu cdng truy cap mang) c6 thé duoc tao cAu hinh dé truyén
thong vai mot hodc nhidu thuc thé mang thong qua két nbi backhaul c6 diy hodc khong
day. Theo mét sb khia canh, cac giao dién mang 380 va 390 c6 thé dugc trién khai dudi
dang céac bd thu phat dugc tao cAu hinh d8 hd trg truyén thong tin hiéu c6 day hodc khong
day. Su truyén thong nay c6 thé bao gdm, vi dy, viéc giri va nhan: ban tin, tham s6 va/hoic
cé4c loai thong tin khéc.

UE 302, tram gbc 304 va thyc thé mang 306 con bao gdm céc thanh phin khac ma
6 thé duge st dung két hop v6i cac hoat dong nhu dugce boc 16 & day. UE 302 bao gdm
mach xi 1y trién khai hé théng xtr 1y 332 dé cung cip chiic ning lién quan dén, vi dy, céc
hoat dong dinh vi, va dé cung cip chirc ning xur Iy khac. Tram gbc 304 bao gbm hé théng
théng xtr 1y 384 dé cung cép chirc ning lién quan dén, vi du, cic hoat dong dinh vi nhu

duoc boc 10 trong sang ché nay, va dé cung cip chirc ning xt ly khéc. Thuc thé mang 306
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bao gébm hé thdng thbéng xtt 1y 394 dé cung cép chiic ning lién quan dén, vi du, cac hoat
d6ng dinh vi nhu dugc boc 10 trong sang ché nay, va dé cung clp chirc nang xr ly khac.
Theo mot khia canh, cac hé théng xtr Iy 332, 384, va 394 ¢o thé bao gc‘“)m, ch:fmg han, mot
hosic nhidu b xi 1y da dung, b6 xir 1y nhiéu 16i, ASIC, bd xir 1y tin hiéu s6 (digital signal
processor - DSP), mang cbng 1ap trinh duoc theo trwong (field programmable gate array -
FPGA), hodc céac thiét bi logic 1ap trinh dugc hodc hé mach xir ly khéc.

UE 302, tram géc 304 va thuc thé mang 306 bao gém mach bd nhé 13n luot trién
khai c4c thanh phin bd nhé 340, 386 va 396 (vi dy, mdi trong s6 d6 bao gdm thiét bi nhé),
dé duy tri thong tin (vi du, thong tin chi bao v& cac tai nguyén danh riéng, ngudng, cac
tham s8, v.v.). Trong mot s6 trudong hop, UE 302, tram gbc 304 va thuc thé mang 306 c6
thé 1An lwot bao gdm céc bo tao chudi 342, 388 va 398. Céc bd tao chudi 342, 388 va 398
¢6 thé 13 cac mach phin ciing 12 mot phan hoic dugc ghép ndi 13n luogt v6i cac hé thong
xtt Iy 332, 384 va 394, ma khi dugc thuc thi s& khién cho UE 302, tram gbc 304 va thyc
thé mang 306 thyc hién chirc ndng dugc md ta & day. Theo khia canh khéc, céc bo tao
chudi 342, 388 va 398 c6 thé ndm bén ngoai cc hé thong xi Iy 332, 384 va 394 (vi du,
mdt phin cla hé théng xir Iy modem, tich hgp v6i mot he théng xtt ly khéc, v.v.). Thay
vao d6, céc bo tao chudi 342, 388 va 398 ¢6 thé 1a cic modun bd nh¢ (nhu duge thé hién
trén céc hinh v& tix Fig.3A dén Fig.3C) dugc 1an luot luu trit trong cac thanh phén bd nhé
340, 386 va 396, ma khi duoc thuc thi béi cac hé théng xir ly 332, 384 va 394 (hodc hé
théng xr Iy modem, hé théng xir 1y khéc, v.v.), s& khién cho UE 302, tram gbc 304 va thyc
thd mang 306 thyc hién chitc ning dugc mo ta & déy.

UE 302 ¢6 thé bao gdm mot hogc nhidu cam bién 344 dugc ghép nbi vi hé théng
xir Iy 332 dé cung cép thong tin v& chuyén dong va/hodc huéng doc lap véi dit liéu vé
chuyén d6ng dugc suy ra tir cac tin hiéu dugc nhén boi bod thu phat WWAN 310, b thu
phat WLAN 320, va/hogc bd thu SPS 330. Vi dy, (c4c) cam bién 344 c6 thé bao gdm gia
tc ké (vi du, thiét bi hé théng co vi dién (micro-electrical mechanical system - MEMY)),
con quay hoi chuyén, cam bién dia tr (vi du, la ban), may do dd cao (vi dy, may do d6 cao
bing khi ap), va/hodc loai cam bién phat hién chuyén dong bét ky khac. Hon nita, (cac)
cam bién 344 ¢6 thé bao gdm nhiéu nhiéu loai thiét bi khc nhau va két hop két qua d4u ra
cua ching dé cung cap thong tin chuyén dong. Vi du, (cac) cam bién 344 c6 thé st dung
td hop gia tbc ké da truc va cam bién huéng dé cho kha niing tinh toan cac vi trf trong cac

hé toa d6 2D va/hodc 3D.
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Ngoai ra, UE 302 bao gdm giao dién nguoi ding 346 dé cung cép cac chi bao (vi
du, cac chi bdo nghe dugc va/hodc thiy dugc) cho nguoi ding va/hodc dé nhan dau vao
ngudi ding (vi dy, khi ngudi dung khoi dong thiét bi cam Ung nhu ban phim, man hinh
cam Ung, micro va cac thiét bi twong ty). Mic du khong duge thé hién, nhung tram géc
304 va thuc thé mang 306 c6 thé con bao gém cac giao dién nguoi dung.

Xem xét chi tiét hon vé& hé théng xtt 1y 384, trong duong xubng, cac goi IP tir thue
thé mang 306 ¢6 thé dugc cung cdp cho hé thong xir ly 384. He théng xi 1y 384 c6 thé
tridn khai ch@tc ning cho 16p RRC, 16p giao thuc hoi tu dit liéu gbi (packet data
convergence protocol - PDCP), 16p didu khidn lien két vo tuyén (radio link control - RLC)
va 16p diéu khién truy cdp mdi trudng (medium access control - MAC). Hé théng xur ly
384 ¢6 thé cung cip chirc ning 16p RRC gén voi viée phat quang ba thong tin hé théhg (vi
du, khéi thong tin chinh (master information block - MIB), cac khdi thong tin hé thdng
(system information block - SIB)), didu khién két ndi RRC (vi duy, tim goi két nb6i RRC,
thiét 1ap két néi RRC, thay dbi két ndi RRC va ngit lét néi RRC), tinh di dong theo cong
nghé truy cép lién vO tuyén (radio access technology - RAT), va c4u hinh do d& béo cdo
do UE; chirc nang cia 16p PDCP gén v6i viéc nén/giai nén phin dAu, tinh bao mat (ma
hoéa, giai ma, bdo vé tinh nguyén ven, xac nhén tinh nguyén ven) va céc chirc nang hd tro
chuyén giao; chitc néang cta lép RLC gin véi viée chuyén cac don vi dir liéu goi (packet
data unit - PDU) 16p trén, sua 161 qua yéu ciu lip tw dong (automatic repeat request -
ARQ), ghép ndi, phan doan va ghép lai cic don vi dit ligu dich vu (service data unit - SDU)
RLC, phan doan lai cac PDU dit lidu RLC va sdp xép lai cac PDU dit ligu RLC; va chire
ning 16p MAC gén v6i viéc anh xa gifta cac kénh logic va kénh truyén tai, bdo céo thong
tin 1ap lich, sira 16i, xt Iy wu tién va wu tién hoa kénh logic.

B6 phét 354 va bo thu 352 c6 thé trién khai chtrc ndng cia 16p-1 di kém véi céc
chtrc ning xtt Iy tin hiéu khac nhau. Lop-1, gbm 16p vit ly (physical - PHY), ¢6 thé gém
viéc phat hién 13i trén céc kénh truyén tai, ma hoa/giai ma stra 161 truéc (forward error
correction - FEC) cua céc kénh truyén tai, dan xen, so khép tdc d6, anh xa lén cac kénh
vt 1§, didu ché/giai didu ché cac kénh vat Iy va xit Iy anten MIMO. Bo phat 354 thuc hign
viéc nh xa 18n c4c chom diém tin hiéu dya vao céc so dd diéu ché khac nhau (vi du, khéa
dich pha nhi phan (binary phase-shift keying - BPSK), khoa dich pha cdu phuong
(quadrature phase-shift keying - QPSK), khéa dich pha M (M-phase-shift keying - M-
PSK), diéu ché bién do ciu phwong M (M-quadrature amplitude modulation - M-QAM)).
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Sau d6 céc ky hiéu dugc ma hoa va didu ché co thé dugc tach thanh cac dong song song.
Sau d6 mdi dong dugc dnh xa dén song mang con ghép kénh phéan chia theo tan s truc
giao (OFDM), dugc ghép kénh véi tin hiéu tham chiéu (vi duy, tin hiéu hoa tiéu) trong mién
thoi gian va/hodc tAn s, va sau d6 dugc két hop v6i nhau bang cach su dung phép bién
d8i Fourier nhanh nguoc (Inverse Fast Fourier Transform - IFFT) dé tao ra kénh vat ly
mang dong ky hi¢u OFDM mién thoi gian. Dong ky hiéu OFDM dugc md hoa trudce theo
khong gian 8 tao ra nhidu dong khong gian. Céc wéc lugng kénh tir bd wdc luwong kénh
¢6 thé duoc sir dung dé xéc dinh so dd ma héa va diéu ché, ciing nhw dé xir Iy khong gian.
Uéc luong kénh ¢6 thé duoc suy ra tir tin hi¢u tham chiéu va/hodc phén hdi diéu kién kénh
duoc truyén béi UE 302. Sau do, mbi dong khong gian c6 thé dugc cung cip cho mot hodc
nhiéu anten 356 khac nhau. By phét 354 ¢6 thé diéu ché song mang RF voi dong khong
gian trong Ung dé truyén.

Tai UE 302, bd thu 312 nhén tin hi¢u qua (céc) anten 316 tuwong tng cia no. Bo thu
312 phuc hdi théng tin dugc didu ché trén séng mang RF va cung cAp thong tin nay cho
hé théng xr Iy 332. B phat 314 va bg thu 312 trién khai chttc ning cua 16p-1 di kém véi
céc chirc ning xit ly tin hiéu khac nhau. B thu 312 ¢6 thé thuc hién xit Iy khong gian trén
thong tin dé khoi phuc dong khong gian bét ky danh cho UE 302. Néu.nhiéu dong khong
gian duge danh cho UE 302, chiing c6 thé dugc két hop boi b thu 312 thanh mgt dong ky
hidu OFDM. Sau d6, bd thu 312 bién déi dong ky hiéu OFDM tir mién thoi gian sang mién
tAn s bang cach st dung phép Bién @bi Fourier Nhanh (Fast Fourier Transform - FFT).
Tin hiéu mién tan sb bao gdm dong ky hiéu OFDM riéng cho mdi séng mang con cia tin
hiéu OFDM. Céc ky hiéu trén mdi séng mang con va tin hiéu tham chiéu dugc khdi phuc
va giai didu ché bing cach x4c dinh céc diém chum tin hiéu c6 kha ndng xay ra nhét dugc
truyén béi tram gbc 304. Cac quyét dinh mém nay co thé dua vao cac két qua wéc luong
kénh dugc tinh toan bdi bo udc lugng kénh. Sau d6 cac quyét dinh mém nay dugc gidi ma
va dugc giai dan xen dé khéi phuyc tin hiéu di liéu va didu khién ma ban dau dugc truyén
bdi tram gbc 304 trén kénh vat 1y. Sau do, céc tin higu dit liéu va didu khién dugc cung
chp cho hé théng xir Iy 332 d? trién khai chirc ning cua 16p-3 va lo'rp-2.‘

Trong duong 1én, hé théng xtr Iy 332 hd tro giai ghép kénh gifta cac kénh truyén tai
va kénh logic, ghép lai gbi, giai mé, giai nén tiéu d&, xit Iy tin hi¢u didu khién dé khoi phuc

cac goi IP tir mang 16i. HE théng xi 1y 332 con chiu trach nhi¢m phét hién 16i.
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Tuong ty véi chizc ning duge mo ta lién quan dén cudc truyén dudng xudng béi
tram gbc 304, hé théng xir 1y 332 cung cép chirc ning 16p RRC gin v6i viée thu thong tin
hé théng (vi du, MIB, SIB), két néi RRC va béo céo do; chirc nang cia 16p PDCP gén véi
viéc nén/gidi nén ph?m dau va tinh bao mat (ma hoa, giai ma, bdo vé tinh nguyén ven, xac
nhan tinh nguyén ven); chirc nang ctia 16p RLC gin véi viéc chuyén céc PDU 16p trén, sira
16i qua ARQ, ghép ndi, phan doan va tai t8 hop cac SDU RLC, phéan doan lai cac PDU di
liéu RLC va sip xép lai cac PDU dit liéu RLC; va chttc ning 16p MAC gin v6i viéc anh
xa gifta cac kénh logic va kénh truyén tai, ghép kénh cac SDU MAC lén cac khéi truyén
tai (transport block - TB), giai ghép kénh cac SDU MAC tir cac TB, béao céo thong tin 1ap
lich, stra 161 qua yéu cAu lip ty dong lai (hybrid automatic repeat request - HARQ), xtr ly
wu tién va uu tién hoa kénh logic.

Céc u6c lugng kénh dugce suy ra boi b ude luong kénh tir tin hi¢u tham chiéu hoic
phéan hdi duge truyén boi tram gbc 304 ¢6 thé dugc sir dung boi b phét 314 dé chon cic
so dd ma héa va didu ché phi hop, va dé tao thuan loi cho viéc xi Iy khong gian. Cac dong
khong gian dugc tao ra boi bo phat 314 ¢6 thé dugc cung cap cho (cac) anten 316 khac
nhau. Bo phat 314 ¢o thé didu ché song mang RF voi dong khdng gian tuong mg dé truyén.

Cudc truyén dudng 1én dugc xir 1y tai tram gbc 304 theo cach tuong ty nhu dugc
mo ta 1lién quan dén chic ning bd thu tai UE 302. B thu 352 nhén tin hiéu qua (c4c) anten
356 twong ng ciia nd. B thu 352 phuc hoi théng tin duge diéu ché trén séng mang RT va
cung cAp thong tin ndy cho hé théng xir Iy 384. '

Trong duong 1én, hé théng Xt 1y 384 giai ghép k_énh gifta cac kénh truyén tai va
kénh logic, ghép lai gbi, gidi ma, gidi nén tiéu d8, xtr Iy tin hiéu didu khién dé khoi phuc
céc g6i IP tir UE 302. Céc goi IP tir h¢ théng xir Iy 384 c6 thé dugc cung cép cho mang
15i. Heé théng xir Iy 384 con chiu trach nhiém phat hién 16i.

Dé thuan tién, UE 302, tram géc 304 va/hodc thyc thé mang 306 dugc thé hién trén
c4c hinh vé tit Fig.3A dén Fig.3C 1a bao gbm céc thanh phén khac nhau ma c6 thé duoc
tao cAu hinh theo céc vi du khic nhau dugc mé ta & day. Tuy nhién, can hidu ring cac khéi
dugc minh hoa co thé c6 chtrc ning khaic nhau trong céac thiét ké khac nhau.

Céac thanh pha‘in khac nhau ctia UE 302, tram géc 304 va thuc thé mang 306 c6 thé
truyén thong v6i nhau 1An luot qua cac bus dit liéu 334, 382 va 392. Cac thanh phan trén
céc hinh vé tir Fig.3A dén Fig.3C c6 thé dugc trién khai theo nhidu cach khac nhau. Theo

mdt s6 phwong 4n thuc hién, cic thanh phﬁn trén c4c hinh vé tr Fig.3A dén Fig.3C ¢6 thé
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duoc trién khai trong mdt hodc nhiéu mach, chﬁng han nhu mdt hodc nhiéu bd xt ly
va/hodc mot hodc nhiéu ASIC (ma c6 thé bao gém mot hodc nhiéu bd xtt 1y). 0 day, mdi
mach c6 thé sir dung va/hodc két hop it nhdt mt thanh phan bd nh¢ d€ luu trix thong tin
hodc ma thyc thi duge duge sir dung bdi mach dé cung cép chttc nidng nay. Vi du, mot sb
hodic tht c4 chirc ning duge bidu thi béi céc khéi tir 310 @én 346 c6 the duoc trién khai boi
bo xit Iy va (cac) thanh phan by nhé ctia UE 302 (vi du, bang cach thuc thi ma thich hop
va/hodc bing ciu hinh thich hgp cta céc thanh phan bd xit Iy). Tuong tw, mot sd hodc tat
¢4 chirc ning duge duge bidu thi béi céc khdi tir 350 dén 388 c6 thé duge trién khai béi
bo xit 1y va (céc) thanh ph?ln bd nhd cua tram géc 304 (vi du, bﬁng cach thuc thi ma thich
hgp va/hodc bing cAu hinh thich hgp cua céc thanh phé‘m bo x1r 1y). Ngoai ra, mot sb hodc
4t ca chitc ning duoc duge bidu thi béi céc khéi tir 390 dén 398 c6 thé duoc trién khai boi
bo xir 1y va (cac) thanh phﬁn bd nhé cua thyc thé mang 306 (vi du, bang cach thuc thi ma
thich hop va/hoic bing cAu hinh thich hgp clia céc thanh phan bd xi 1f). Dé don gian thi
céc hoat do6ng, thao tic va/hodc cac chirc ning khac nhau duoc mo ta & day 1a dugc thuc
hién “boi UE,” “béi tram géc,” “b&i thuc thé dinh vi,” v.v. Tuy nhién, cin phai hiéu 15
rﬁng c4c hoat dong, thao tac va/hodc céc chirc ning nay trén thuc té c6 thé dugc thuc hién
bdi cac thanh phﬁn riéng hodc td hop céc thanh ph?m cua UE, tram géc, thue thé dinh vi,
v.v., chiing han nhu céc hé théng xir Iy 332, 384, 394, bé thu phét 310, 320, 350 va 360,
cac thanh ph?m b6 nhé 340, 386 va 396, cac bo tao chudi 342, 388 va 398, v.v.

Céc cdu trac khung khéc nhau c6 thé duoc sit dung dé hd trg cac cude truyén duong
xudng va duong lén gifra cac nit mang (vi du, cdc tram gbc va cac UE). Fig.4A 1a so dd
400 minh hoa vi du v& ciu tric khung dudng xubng, theo céc khia canh cla sang ché.
Fig.4B 14 so @6 430 minh hoa vi du vé céc kénh trong céu tric khung dudng xubng, theo
c4c khia canh ca sang ché. Fig.4C 14 so dd 450 minh hoa vi du v& céu trac khung dudng
1én, theo cac khia canh cta sang ché. Fig.4D la so dd 480 minh hoa vi du vé cac kénh trong
chu trac khung dudng 1én, theo céc khia canh cua sang ché. Cac cong nghé truyén théng
khong day khéc co thé c6 cdu trac khung khic va/hodc cac kénh khac.

LTE, va trong mét sé trudng hop 1 NR, sit dung OFDM trén dudng xubng va ghép
kénh phéan chia theo tan s6 mot séng mang (single-carrier frequency division multiplexing
- SC-FDM) trén dudng 1én. Tuy nhién, khong gidng nhu LTE, NR c6 lua chon cling st
dung OFDM trén dudng lén. OFDM va SC-FDM phén chia bang thong hé théng thanh

nhidu (K) séng mang con tryc giao, con goi chung 1a am, bin, v.v. MO6i song mang con cd
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thé duoc didu ché véi dir liéu. Nhin chung, cac ky hiéu didu ché duoc giri trong mién thn
s6 véi OFDM va trong mién thoi gian véi SC-FDM. Khodng cach gifta cac song mang con
lidn k& c6 thé dugc cb dinh, va tong s6 séng mang con (K) ¢6 thé phu thudc vao bing thong
hé théng. Vi dy, khoang cach clia cic séng mang con ¢6 thé 1 15 kHz va phan bé tai
nguyén t6i thiéu (khéi tai nguyén) co thé 1a 12 séng mang con (hodc 180 kHz). Do vay,
kich thuéc FFT danh dinh c6 thé bing 1an lugt 128, 256, 512, 1024 hodc 2048 cho bang
thong hé théng 1,25, 2,5, 5, 10, hodc 20 megahertz (MHz). Bing thong hé théng 6 thé
con duoc phan chia thanh céc bang con. Vi dy, béng con c6 thé bao pht 1,08 MHz (tuc 13,
6 khdi tai nguyén), va c6 thé c6 1an lugt 1, 2, 4, 8 hodc 16 bing con cho bing thong hé
théng 1,25, 2,5, 5, 10, hogc 20 MHz.

LTE hd trg mot hé s6 (khoang céch séng mang con, dd dai ky hiéu, v.v.). Nguoc
lai, NR c6 thé hd trg nhiéu hé sb (u), vi duy, co thé ¢ sﬁﬁ khoang cach s6ng mang con la
15 kHz, 30 kHz, 60 kHz, 120 kHz, va 240 kHz hodc 1on hon. Bang 1 dudi day liét ké mot

s6 tham sb khac nhau cho céc hé s6 NR khéc nhau.

Thoi Thoi BW hé théng
Khe / khoang | khoang | danh dinh téi da
SCS | Ky hiéu | khung | Khe/ khe ky hiéu | (MHz) véi kich
u| (kHz) | /Khe con Khung | (ms) (us) thudc FFT 4K
0 15 14 1 10 1 66,7 50
1 30 14 2 20 0,5 33,3 100
2 60 14 4 40 0,25 16,7 100
31 120 14 8 80 0,125 | 8,33 400
4| 240 14 16 160 0,0625 4,17 800
Bing 1

Trong céc vi di_l trén Fig.4A va Fig.4B, hé s6 15 kHz duoc st dung. Do do, trong
mién thoi gian, khung (vi du, 10 ms) dugc chia thanh 10 khung con c6 kich thudc bang
nhau v&i mdi khung con 1a 1 ms, va mdi khung con bao gdbm mot khe thoi gian. Trén
Fig.4A va Fig.4B, thoi gian dugc bidu din theo chidu ngang (vi dy, trén truc X) trong do6
thoi gian ting tir trai sang phai, trong khi d6 tan sb dugc biéu dién theo chiéu doc (vi du,
trén truc Y) trong d6 tan s6 ting (hodc giam) tir dudi lén trén.

Luéi tai nguyén co thé duoc st dung dé thé hién cac khe thoi gian, mbi khe thoi

gian gdbm mot hogc nhiéu khéi tai nguyén (RB) ddng thoi (con duoc goi la RB vat ly
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(Physical RB - PRB)) trong midn tan sb. Ludi tai nguyén ndy con dugc chia thanh nhidu
phén tir tai nguyén (resource element - RE). RE c6 thé twong ting v6i mot d6 dai ky hiéu
trong mién thdi gian va mot séng mang con trong mién tin sb. Trong céc sd trén Fig.4A
va Fig.4B, dbi véi tién t6 vong thong thuong, RB c6 thé chira 12 s6ng mang con lién tiép
trong mién tAn s6 va 7 ky hiéu lién tiép trong mién thoi gian, cho tdng s6 84 RE. Dbi voi
tién t6 vong ma rong, RB ¢6 thé chtta 12 s6ng mang con lién tiép trong mién tin sb va 6
ky hiéu lién tiép trong mién thoi gian, cho tdng sb 72 RE. S6 bit dwgc mang béi mdi phén
tlr tai nguyén phu thudc vao so dd diéu ché.

Mot s6 RE mang céac tin hiéu tham chiéu dudng xudng (hoa tiéu) (downlink
reference signal - DL-RS). DL-RS c6 thé bao gdom PRS, TRS, PTRS, CRS, CSI-RS,
DMRS, PSS, SSS, SSB, v.v. Fig.4A minh hoa cac vi trf 1am vi du cta cidc RE mang PRS
(dugc gin nhin “R”).

Tap hop cac phén tir tai nguyén (RE) dugc sir dung cho cude truyén PRS dugc goi
13 “tai nguyén PRS”. Tép hop clia cac phin tir tai nguyén c6 thé trai trén nhidu PRB trong
mién tAn s6 va ‘M’ (vi dy, 1 hodc nhiéu) ky hiéu lién tiép trong khe trong mién thoi gian.
Trong mdt ky hiéu OFDM cho trudc trong mién thoi gian, tai nguyén PRS chiém cac PRB
lién tiép trong mién tin sb. |

Cudc truyén tai nguyén PRS trong PRB cho truge co kich thudc rang lugce cu thé
(con dugc goi 12 “mat d ring lugc”). Kich thudc réngkluqc ‘N’ bidu dién khoang cach
song mang con (hodc khodng cach tdn sb/am) trong mdi ky hiéu cia c4u hinh tai nguyén
PRS. Cu thé, dbi véi kich thuéce rang lugc ‘N,” PRS duoc truyén trong mdi séng mang con
tht N ctia mot ky hiéu cua PRB. Vi du, dbi vé6i ring lugc-4, véi mdi trong s6 bbn ky hiéu
ctia cdu hinh tai nguyén PRS, RE tuong tng voi mdi séng mang con thir tur (vi dy, cdc
song mang con 0, 4, 8) dugc st dung dé truyén PRS cua tai nguyén PRS. Hién tai, cdc kich
thudce rang lugc gém ring lwgc-2, ring luge-4, ring lugc-6, va rang lugc-12 duoc hd tro
cho DL-PRS. Fig.4A minh hoa cAu hinh tai nguyén PRS lam vi du cho réng lugc-6 (trai
trén 6 ky hiéu). Ttc 13, vi tri ciia cic RE dugc gach chéo (dwoc gin nhan “R”) bidu thi cAu
hinh tai nguyén PRS ring lugc-6.

“Bj tai nguyén PRS” 13 tap hop céc tai nguyén PRS duogc stt dung dé truyén cac tin
hiéu PRS, trong d6 mdi tai nguyén PRS c6 mot ID tai nguyén PRS. Ngoéi ra, cac tai nguyén
PRS trong bd tai nguyén PRS dugc két hop v6i cing TRP. B tai nguyén PRS dugc nhan
dang béi ID b tai nguyén PRS va lién quan t&i mot TRP cu thé (dwge nhén dang bai ID
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6). Ngoai ra, cac tai nguyén PRS trong bd tai nguyén PRS c6 cung chu ky, cAu hinh miu
ngét chung, va c6 cing hé s6 13p qua céc khe. Chu ky c6 thé c6 d6 dai duoc chon tir 2 {4,
5,8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} khe, v6i p =0, 1,
2,3. Hé s lap c6 thé c6 d6 dai duge chon tir {1, 2,4, 6, 8, 16, 32} khe.

ID tai nguyén PRS trong bd tai nguyén PRS lién quan té1 mot chum (va/hodc ID
chum) dugc truyén tir mot TRP (trong d6 TRP c6 thé truyén mdt hodc nhidu chum). Te
13, mdi tai nguyén PRS trong bd tai nguyén PRS ¢6 thé dugc truyén trén mot chum khac
nhau, va do d6, “tai nguyén PRS”, hodc goi t4t 13 “tai nguyén”, co thé con dugc goi 12
“chum”. Luu ¥ ring diéu nay khong c6 bét ky lién quan nao dén viéc UE c6 biét dén cac
TRP va céc chim ma PRS duoc truyén trén d6 hay khéng.

“Trudng hop PRS” hodc “dip PRS” 13 mot trudng hop cua cira sb thoi gian 1dp lai
theo chu ky (vi du, nh6m gb6m mét hodc nhiéu khe lién tiép) trong d6 PRS du kién s& dugc
truyén. Dip PRS ¢6 thé con duge goi 14 “dip dinh vi PRS”, “trudng hop dinh vi PRS”, “dip
dinh vi”, “trudng hop dinh vi”, “I4n 13p dinh vi”, hodc goi tit 1a “dip”, “trwdng hop”, hodc
“lan 13p”.

Fig.4B minh hoa vi du vé céc kénh khéc nhau trong khe dudng xubng ctia khung
v tuyén. Trong NR, bing thong kénh, hoic bing thong hé théng, dugc chia thanh nhidu
phén bing thong (bandwidth part - BWP). BWP 1a tap hop cac PRB lién tuc dugc chon tir
tap hop con lién tuc gbm céc RB chung cho mét hé sb cho trude trén s6ng mang cho trudéce.
Nhin chung, t6i da 4 BWP c6 thé dugc dinh 16 trong dudng xubng va dudng 1én. Tuc 1,
UE ¢6 thé duoc tao cu hinh véi téi da 4 BWP trén dudng xuéng, va t6i da 4 BWP trén
duong 1én. Chi mot BWP (duong 1én hodc duong xubng) co6 thé hoat dong & thoi diém cho
truéc, nghia 1a UE chi c6 thé nhan hoic truyén trén mot BWP tai mot thoi diém. Trén
dudng xudng, bing thong cua mdi BWP nén bing hodc 16n hon bing thong cua SSB,
nhung no6 co thé ¢6 hodc c6 thé khong chita SSB.

Xem Fig.4B, tin hiéu ddng bd hoa so cap (primary synchronization signal - PSS)
dugc st dung bdi UE &8 x4c dinh su dinh thoi khung con/ky higu va nhén dang 16p vat ly.
Tin hiéu ddng bod héa thte cép (secondary synchronization signal - SSS) duogc su dung béi
UE dé x4c dinh s6 nhém nhén dang 0 16p vét 1y va dinh thoi khung vo tuyén. Duya vao su
nhén dang 16p vat ly va s6 nhom nhéan dang 6 16p vat ly, UE c6 thé x4c dinh PCI. Dya vao
PCL, UE c¢6 thé xac dinh vi tri cia DL-RS néu trén. Keénh phat quang ba vat Iy (thsical
broadcast channel - PBCH) mang MIB c6 thé duoc gép nhém theo logic véi PSS va SSS
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44 hinh thanh SSB (con duge goi 1a SS/PBCH). MIB cung cp m6t s6 RB trong bing thong
hé théng duong xubng va sb khung hé thdng (system frame number - SFN). Kénh dung
chung dudng xubng vat 1y (physical downlink shared channel - PDSCH) mang dit liéu

ngudi dung, thong tin hé thdng phét quéng ba khong duge truyén qua PBCH, chéng han
nhu céc khéi thong tin hé théng (SIB), va bén tin tim goi.

Kénh didu khién dudng xudng vat ly (physical downlink control channel - PDCCH)
mang thong tin didu khién duong xudng (downlink control information - DCI) trong mot
hoiic nhidu phan tir kénh didu khién (control channel element - CCE), mdi CCE bao gdm
mdt hodc nhiéu bé nhém RE (RE group - REG) (c6 thé trai trén nhiéu ky hiéu trong mién
thoi gian), mdi b6 REG bao gdm mdt hogc nhiéu REG, mdi REG tuong tmg v6i 12 phan
tir tai nguyén (mot khdi tai nguyén) trong mién tAn s6 va mot ky hiéu OFDM trong mién
thoi gian. T4p hop tai nguyén vat 1y dugc st dung dé mang PDCCH/DCI duogc goi trong
NR 12 tip hop tai nguyén didu khién (control resource set - CORESET). Trong NR,
PDCCH dugc gisi han & mot CORESET va duoc truyén v6i DMRS cua chinh né. Piéu
nay cho phép didu huéng chum song riéng cho UE d6i véi PDCCH.

Theo vi du trén Fig.4B, c6 mt CORESET trén mdi BWP, va CORESET trai trén
ba ky hiéu trong mién thoi gian. Khong gidng nhu cac kénh didu khién trong LTE chiém
toan bd bang thong hé thdng, trong NR, céc kénh PDCCH tép trung & mdt ving cy thé
trong mién tan sb (tic 13, CORESET). Do d6, thanh phéin tan sé ctia PDCCH duoc thé hién
trén Fig.4B dugc minh hoa 14 it hon mdt BWP trong mién tin sb. Luu ¥ ring mic du
CORESET duoc minh hoa 12 lién k& trong mién tin s6, nhung khong nhat thiét phai nhur
vay. Ngoai ra, CORESET ¢6 thé trai trén it hon ba ky hiéu trong mién thoi gian.

DCI trong PDCCH mang thong tin vé& phan bd tai nguyén dudng lén (lién tuc va
khong lién tuc) va cdc mo ta vé dit lidu dudng xuéng duoc truyén dén UE. Nhiéu (vi du,
t8i da 12 8) DCI c6 thé dugc tao ciu hinh trong PDCCH, va cac DCI ndy ¢6 thé c6 mét
trong s6 nhidu dinh dang. Vi dy, ¢6 cac dinh dang DCI khac nhau cho viéc 18p lich duong
1én, 1ap lich duong xubng khong phai MIMO, 18p lich dudng xubng MIMO, va diéu khién
cong suét dudng 1én. PDCCH c6 thé dugo truyén tai bdi 1, 2, 4, 8, hodc 16 CCE dé didu
tiét c4c kich thudc tai tin DCI hodc téc 6 ma héa khac nhau.

Nhu dugc minh hoa trén Fig.4C, mot s6 RE mang DMRS dé wéc luong kénh & tram
gbc. Vi du, UE c6 thé truyén thém SRS trong ky hiéu cudi cung ctia khung con. SRS ¢6

thé ¢6 cAu trac hinh Iwoc va UE c6 thé truyén SRS trén mot trong s6 céc rang lugc. Chu
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trac ring lrge (con duge goi 14 “kich thudc rang Iugc”) chi bao s6 luong séng mang con
trong mdi chu ky ky hiéu mang tin hi¢u tham chiéu (¢ day 1a SRS). Vi dy, kich thudce rang
lugc bing ring lugc-4 nghia 12 mbi séng mang con thi tr cia ky higu cho trudc mang tin
hiéu tham chiéu, trong khi d6 kich thudc ring lugc bangring luge-2 nghia la mdi song
mang con thit hai ctia ky hiéu cho tru¢c mang tin hiéu tham chiéu. Theo vi du trén Fig.4C,
SRS dugc minh hoa 1a ca hai ring lugc-2. SRS ¢6 thé dugc st dung boi tram gbc dé thu
thap thong tin trang théi kénh (CSI) cho mdi UE. CSI md ta cach tin hiéu RF truyén tir UE
dén tram gbc va biéu dién higu qua két hop cla tan xa, t4t dan, va giam cong sut theo
khoang cach. Hé théng str dung SRS dé 1ap lich tai nguyén, lam thich tng lién két, MIMO
quy md 16n, quan ly chum, v.v.

Fig.4D minh hoa vi du vé cac kénh kkhac nhau trong khung con duong 1én cia
khung, theo cac khia canh cua sang ché. Kénh truy cap ngiu nhién (random access channel
-RACH), con dugc goi 1a kénh truy cap ngAu nhién vét Iy (physical random access channel
- PRACH), c6 thé ndm trong mdt hodc nhidu khung con trong khung dwa vao cAu hinh
PRACH. PRACH c6 thé gdm séu ciip RB lién tiép trong rhc}t khung con. PRACH cho phép
UE thyc hién viéc truy cap hé théng ban dau va dat duogc su ddng bd héa dudng 1én. Kénh
didu khién duodng 1én vat ly (Physical uplink control channel - PUCCH) ¢6 thé ndm & cac
canh cua bing thong hé théng duong lén. PUCCH mang thong tin diéu khién duong 1én
(uplink control information - UCI), nhu cac yéu cau 1ap lich, bdo cao CSI, chi béo chét
lwong kénh (channel quality indicator - CQI), chi b4o ma trin tién ma hoa (precoding
matrix indicator - PMI), chi bao xép hang (rank indicator - RI), va phan hdi ACK/NACK
HARQ. Kénh ding chung dudng 1én vat ly (physical uplink shared channel - PUSCH)
mang dit liéu va con c¢é thé dugc dung d& mang béo cdo tinh trang bo dém (buffer status
report - BSR), béo cdo thong khoang cong suét (power headroom report - PHR), va/hodc
UCL | |

Téap hop cua cac phan tir tai nguyén duogc st dung dé truyén SRS dugc goi 1a “tai
nguyén SRS,” va ¢ thé dwoc nhan dang boi tham s6 SRS-Resourceld. Tép hgp ciia cac
phin tir tai nguyén co6 thé trai trén nhidu PRB trong mién tan sb va N (vi dy, mot hodc
nhidu) ky hiéu lién tiép trong khe trong mién thoi gian. Trong ky hiéu OFDM cho trude,
tai nguyén SRS chiém giit c4c PRB lién tiép. “Tap hop tai nguyén SRS” 14 tap hop cdc tai
nguyén SRS duoc st dung dé truyén tin hiéu SRS, va duge nhén dang béi ID tép hop tai
nguyén SRS (SRS-ResourceSetld).
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No6i chung, UE truyén SRS dé cho phép tram gdc nhan (tram gbc phuc vu hodc tram
gbc 1an can) do luong chét lwong kénh gifta UE va tram gdc. Tuy nhién, SRS c6 thé con
duoc str dung lam céc tin hi¢u tham chiéu dinh vi dudng 1én cho céc thi tuc dinh vi duong
1én, nhu d6 1&ch thoi gian t6i duong lén (uplink time-difference of arrival - UL-TDOA),
nhiéu thoi gian tron vong (multi-RTT), géc t6i duong xubng (downlink angle-of-arrival -
DL-A0A), v.v.

Mot 6 cai tién déi v6i cac dinh nghia truée ddy cua SRS da dugce d8 xuét cho SRS
dé dinh vi (con duge goi 1a “UL-PRS”), nhu mdt mau so le méi trong tai nguyén SRS
(ngoai trir mt-ky hiéu/rang lugc-2), loai ring lugc mdi cho SRS, céc chudi méi cho SRS,
s6 luong tap hop tai nguyén SRS cao hon cho mdi séng mang thanh phan, va s6 luong tai
nguyén SRS cao hon cho mdi séng mang thanh phén. Ngoai ra, cdc tham s&
SpatialRelationInfo va PathLossReference cin duoc tao cAu hinh dya vao tin hiéu tham
chiéu dudng xubng hodc SSB tir TRP lan c4n. Hon nita, mot tai nguyén SRS ¢6 thé duoc
truyén bén ngoai BWP hoat dong, va mot tai nguyén SRS ¢6 thé trai trén nhiéu séng mang
thanh phﬁn. Ngoai ra, SRS c6 thé duogc tao cdu hinh trong trang thai két ndi RRC va chi
truyén trong BWP hoat dong. Hon nita, c6 thé khong c6 su nhay tan, khong c6 hé s6 lap
lai, c6 mot céng anten, va cac d6 dai mai cho SRS (vi dy, 8 va 12 ky hi¢u). Co thé con ¢6
didu khién cong sudt vong hé va khong co didu khién cong suét vong kin, va c6 thé su
dung ring luge-8 (tuc 13, SRS duoc truyén dén mdi song mang con thir tAm trong cung
mot ky hiéu). Cubi cung, UE c6 thé truyén thong qua cing mot chum truyén tir nhidu tai
nguyén SRS d6i v6i UL-AoA. Tt ca trong s6 nay 13 cc dic diém duoc bd sung vao khung
SRS hién tai, ma dugc tao cAu hinh thong qua bao hiéu 16p cao hon RRC (va co6 kha ning
dugc khoi dong hodc kich hoat thong qua phén tir diéu khién (control element - CE) MAC
hodc DCI).

Luuy ring céac thut ngir “tin hiéu tham chiéu dinh vi” va “PRS” c6 thé d6i khi chi
céc tin hiéu tham chiéu cu thé dugc st dung dé dinh vi trong cac hé théng LTE. Tuy nhién,
nhu dwgc st dung & dy, trix khi duge thé hién khac di, cac thuft ngir “tin hi¢u tham chiéu
dinh vi” va “PRS” dung dé chi loai tin hiéu tham chiéu bat ky ma co thé duoc st dung dé
dinh vi, vi du nhung khéng gi6i han &, PRS, TRS, PTRS, CRS, CSI-RS, DMRS, PSS,
SSS, SSB, SRS, UL-PRS, v.v. Ngoai ra, cac thuét ng{t “tin hiéu tham chiéu dinh vi” va
“PRS” dung dé chi c4c tin hiéu tham chiéu dinh vi dudng xubng hoic dudng 1én, trir khi

duoc thé hién khéac di. Tin hiéu tham chiéu dinh vi duong xubng c6 thé duoc goi 1a “DL-
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PRS”, va tin hi€u tham chiéu dinh vi dudng Ién (vi dy, SRS dé dinh vi, PTRS) c6 thé dugc
goi 1a “UL-PRS”. Ngoai ra, d6i v6i cac tin hiéu c6 thé duge truyén trén ca dudng lén va
duong xubng (vi dy, DMRS, PTRS), cic tin hi¢u nay ¢ thé duogc thém “UL” hodc “DL”
vao trudc dé phan biét huéng. Vi du, “UL-DMRS” c6 thé duoc phén biét voi “DL-DMRS”.

PRS, va cic loai tin hi¢u tham chiéu dinh vi khéc, dugc st dung cho céc cdng nghé
dinh vi dua trén s6 lwong mang chia 6. Céc cong ngh¢ dinh vi nay bao gdm cac phuong
phap dinh vi dua trén dudng xubng, dua trén dudng 1én, va dya trén duong xubng va dudng
1én. Cac phuong phap dinh vi dua trén dudng xudng bao gdm chénh [&ch thoi gian téi quan
sat duge (observed time difference of arrival - OTDOA) theo LTE, chénh 1&ch thoi gian
t61 dudng xudng (downlink time difference of arrival - DL-TDOA) theo NR, va goc di
dudng xudng (downlink angle-of-departure - DL-AoD) theo NR. Trong thu tuc dinh vi
OTDOA hoiic DL-TDOA, UE do ludng chénh léch gifta cac thoi gian tdi (times of arrival
- ToA) cta céc tin hiéu tham chiéu (vi dy, PRS, TRS, PTRS, CSI-RS, SSB, v.v.) nhén
duoc tlr céc cdp tram gbc, dugc goi 1a céc phép do chénh léch thoi gian tin hiéu tham chiéu
(reference signal time difference - RSTD) hodc chénh ]éch thoi gian téi (TDOA), va bao
cao chung dén thyc thé dinh vi (vi du, UE, mdy chu vi trf, tram géc phuc vy, hodc thanh
phﬁn mang khéc). Cu thé hon, UE nhan c4dc mi dinh danh cta tram géc tham chiéu (vi duy,
tram gbc phuc vu) va nhidu tram gbc khong tham chiéu trong dit liéu trg gitip. UE sau d6
do RSTD giita tram gbc tham chiéu va mdi tram gbc trong sé céc tram gbc khong tham
chiéu. Dua trén céc vi tri da biét cta cac tram géc lién quan va cac s6 do RSTD, thuc thé
dinh vi co thé wdc lwong vi tri ctia UE, Pé dinh vi DL-AoD, tram géc do goc va céac dic
tinh kénh khéc (vi du, cudng d6 tin hiéu) ciia chum phat duong xubng sir dung dé truyén
thong vai UE d& w6c ugng vi tri ctia UE.

Céac phuong phap dinh vi dua trén dudng 1€n bao gbm chénh 1&ch thoi gian t6i
duong 1én (uplink time difference of arrival - UL-TDOA) va goc t6i duong 1én (uplink
angle-of-arrival - UL-AoA). UL-TDOA 12 tuong tu v6i DL-TDOA, nhung dya trén cac
tin hiéu tham chiéu duong 1én (vi dy, SRS) dugc truyén boi UE. Dé dinh vi UL-A0A, tram
géc do gbc va céac dic tinh kénh khéc (vi du, muc d6 loi) cua chum nhén duong 1é€n s
dung @& truyén thong véi UE @& wéc lugng vi trf ciia UE.

Céac phuong phép dinh vi dva trén duong xubng-va-dudng 1én bao gbm dinh vi ID
6 tang cuong (enhanced cell-ID - E-CID) va dinh vi nhiéu thoi gian tron vong (round-trip-
time - RTT) (con duoc goila “RTT nhiéu 6”). Trong thu tuc RTT, bén khéi tao (tram gbe
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hodc UE) truyén tin hiéu do RTT (vi du, PRS hogc SRS) dén bén dap tng (UE hodc tram
gbc), bén nay truyén tin higu dép tmg RTT (vi du, SRS hogc PRS) tr6 lai bén khdi tao. Tin
hiéu dap ttng RTT bao gbm chénh 1&ch giita ToA ciia tin hi¢u do RTT va thoi gian truyén
clia tin hiéu dap ung RTT, dugc goi 1a s6 do nhan dén truyén (reception-to-transmission -
Rx-Tx). Bén khéi tao tinh toan chénh 1&ch giita thoi gian truyén cta tin hiéu do RTT va
ToA cta tin hiéu dap tmg RTT, dugc goi la s6 do “Tx-Rx”. Thoi gian lan truyén (con dugc
goi 13 “thoi gian bay”) gifta bén khdi tao va bén dap ung co thé duoc tinh toan tir cac sb
do Tx-Rx va Rx-Tx. Duya trén thoi gian lan truyén va tbc d6 anh sang da biét, khoang cach
gifta bén khoi tao va bén dép g c6 thé duoc xéc dinh. D6i v6i dinh vi RTT nhiéu 6, UE
thyc hién thi tuc RTT véi nhiéu tram géc dé cho phép lap ludi tam gidc cho vi tri cuia nd
dya trén céc vi tri da biét cia cac tram gbc. Cac phuong phap RTT va RTT nhiéu 6 c6 thé
duoc két hop v6i cac k¥ thudt dinh vi khéc, nhu UL-AoA va DL-AoD, dé cai thién o
chinh xac dinh vi.

Phuong phép dinh vi E-CID duya trén cdc phép do quan ly tai nguyén vo tuyén (radio
resource management - RRM). Trong E-CID, UE béo cdo ID 6 phuc vu, dinh thoi sém
(timing advance - TA), va cidc méa dinh danh, thoi gian uéc luong, va cudng d tin hiéu
cua cac tram géc lan can phat hién dugc. Vi tri cia UE sau d6 duoc uwdc lugng dua trén
thong tin nay va céc vi tri da biét cta céc tram gbc.

D& hd tro cac hoat ddng dinh vi, may chi vi tri (vi du, may chu vitri 230, LMF 270,
SLP 272) c6 thé cung cép dit lidu trg gitp dén UE. Ching han, dit liéu trg gip c6 thé bao
gdm cac ma dinh danh cua cic tram gbc (hotic céc d/cac TRP clia cc tram gbc) tir 6 aé
do céc tin hiéu tham chiéu, cac tham 6 cAu hinh tin hiéu tham chiéu (vi du, 36 lwong cua
cac khung con dinh vi lién tiép, tinh chu ky cta céc khung con dinh vi, chudi ngét, chudi
nhdy tin s6, ma dinh danh (ID) tin hiéu tham chiéu, biang thong tin hiéu tham chibu, v.v.),
va/hodc cac tham sb khéc 4p dung dugc cho phuong phép dinh vi cu thé. Theo cach khéc,
dit liéu tro gitp c6 thé b4t ngudn tryee tiép tir chinh céc tram gbc (vi dy, trong cac ban tin
mao dau bd sung duoc phat quang ba theo chu ky, v.v.). Trong mot sb truong hop, UE ¢c6
thé c6 kha ning ty phat hién cac nut mang 1an can ma khong can st dyng dit liéu trg giup.

Udc luong vi tri c6 thé duoc goi bang tén khéc, nhu wéc luong dia diém, vi tri, dia
diém, cb dinh dia diém, ¢b dinh, hoic twong tu. Udc luong vi tri ¢6 thé 1a du&ng tric dia
va bao gém céc toa do (vi du, vi d0, kinh d9, va co thé 13 cao dd) hoic co théla vi tri dan

cu va bao gdm dia chi duong, dia chi hom thu, hodc cac md ta vi tri bang 161 khéac. Uédc
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luong vi tri ¢6 thé con duge xac dinh so véi vi trf da biét khac hodc dugc xé4c dinh trong
cac gidi han tuyét d6i (vi du, nho st dung vi d9, kinh 49, va ¢6 thé 13 cao d6). Udc lugng
vi tri ¢6 thé bao gdm 16i hodc do bét dinh dy tinh (vi du, bang cach bao gdm dién tich hodc
thé tich trong d6 vi tri du tinh dugc bao g6m véi muc tin cdy quy dinh hodc méc dinh).

Nhu duge mo td & trén, cic tin hiéu tham chiéu dinh vi (dudng 1én hodc dudng
Xuc")ng) duogc anh xa dén cac RE cu thé trong khe. Fig.5A minh hoa vi du vé mau tin hiéu
500A, con duoc goi la mau ring luoc, aé truyén c4c tin hiéu tham chiu @& dinh vi (vi du,
PRS, SRS). Trén Fig.5A, tdp hop tai nguyén 510 dugc tao cAu hinh v6i méu tin hiu 500A.
Tap hop tai nguyén 510 bao gbm cic RE 520 dit trong cac hang va cac cot. Mbi hang b_iéu
di&n séng mang con (hodc dm) va mdi cot biéu dién ky higu. Tép hop tai nguyén 510 la
mot vi du vé PRB.

Trong mAu tin hiéu 500A, cac RE 520 trong tap hop tai nguyén 510 dugc su dung
aé truyén cac tin hi€u tham chiéu dé dinh vi dugc gach chéo. Do do, mau cia cic RE 520
gach chéo bidu dién mau tin hidu 500A. Cac RE gach chéo 520 bidu difn phén tai nguyén
PRS (hoic tai nguyén SRS) trong tdp hop tai nguyén 510. Mau tin hidu 500A 1a mét vi du
v& mu ring luge-4 (N=4) trén bén ky hiéu (M=4). Do do, d6i v6i ky hiéu tht nhat (ky
hiéu ‘0”), cac RE 520 tuong Gng voi mdi s6ng mang con thi tu (cic séng mang con 0,’
‘4, ‘8”) dugc st dung dé truyén tin higu tham chiéu. Tu'dng tu, d6i voi ky hiéu thir hai (ky
hiéu ‘1), mot 14n nita, 'm(:)i séng mang con tht tu duoc sir dung dé truyén tin hiéu tham
chiéu, va v.v.. Su chénh léch gifra ky hiéu nay véi ky hiéu khac la séng mang con bit dau
13 d6 1&ch bing mdt séng mang con. '

Chudi cta dd léch ring lugc (hodc d6 1éch song mang con/am) c6 thé dugc st dung
d& bidu thi dic diém m3u tin hidu 500A, va do d6, c6 thé dugc sit dung d€ dnh xa tin hiu
tham chiéu dén tap hop tai nguyén 510. Chuéi cua do 1éch rang luge — con duc_rc goi la
chudi d6 1&ch — c6 thé dugc xéc dinh tir (cing) mot RE 520 gach chéo trén cung trong moi
ky hiéu, RE 520 tuong tng voi didm tham chiéu chung cho tAt ca cac ky hiéu trong sd
luong ky hi¢u ‘M.’ MBbi @6 1éch duoc tinh toén lién quan dén (cung) séng mang con thir
nhét (séng mang con ‘0) trong tAp hop tai nguyén 510. Sau d6, ddi véi cac ky hiéu tht
nhét, thit hai, tht ba va thi tr (céc ky hidu “0,” 1, *2,” *3”), thi do léch 14n luot 12 €0, <1,
2.’ va 3. Tic 14, chudi do 1&ch cita mAu 500A c6 thé duoc bidu dién duéi dang {0, 1, 2,
3}. S5 lugng ky higu ‘M’ ¢6 thé con biéu thi dic diém d6 dai ciia chudi 46 1éch. Chudi do

1&ch ¢6 thé bao gdm gia tri @6 1&ch khac nhau cho mdi ky hiéu trong s6 lwong ky higu "M,
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do d6 tranh khoéi moi sw chéng 14n trong mién tin sb gifta c4c ky hiéu. Trén Fig.5A, chuéi
duoc tao ra c6 d9 dai bang bon.

 Fig.5B minh hoa mau tin hiéu 500B, 1a mot vi du khac vé mau tin hiéu ma trong do6
N=4 v4 M=4. Tuy nhién, miu tin hiéu 500B c6 chudi d¢ léch {0, 2, 1, 3}, khdc biét v6i
chudi d6 15ch ciia mAu tin hiu 500A. Fig.5C minh hoa mu tin hi¢u 500C trong d6 N=6
va M=8. M3u tin hiéu 500C c6 chudi d6 léch {1,0, 3,2, 5,4, 1, 0}.

Anh xa tin hiéu tham chiéu (vi du, PRS, SRS) dén cac RE trong khe nén giai ma
duoc it nhit mot ph?ln ngay ca khi tin hiéu tham chiéu bi luge bét hodc theo cach khic bi
tdn hai mot phﬁn. No6i cach khac, 4nh xa tin hiéu tham chiéu dén cac RE phai chiu dugc sy
gian doan va nhiu cuc bd. Luu y rﬁng “viéc lwge bot” 12 k§ thuft trong d6 tin hi€u vu tién
thip hon trong RE, ky hiéu, khe cho truéde, v.v. khong duoc truyén dé nhudng cho tin hiéu
uu tién cao hon dang dugce truyén trong cung RE, ky hiéu, khe, v.v.

Pbi vé6i cac tin hiéu tham chiéu dé dinh vi trong LTE, kich thuéc ring lugc bang
ring lugc-6 cong voi thiét ké so le dugc cho phép sao cho cd thé dat duoc 6 14n tai st
dung. Trong NR, ¢6 nhiéu su linh hoat hon. Trong duong xuéng, s6 luong ky hiéu ‘M’ dbi
v&i DL-PRS c6 thé dwoc tao cAu hinh tir tap hop {2, 4. 6, 12}, va kich thuéc ring luge ‘N’
cho DL-PRS c¢6 thé dugc tao ciu hinh tix tap hop {2, 4, 6, 12}. Trong duong lén, sb luong
cdc ky hidu lién tiép ‘M cho UL-PRS ¢6 thé dugc tao cdu hinh tir tap h¢p {1,2,4,8,12},
va kich thuée ring luge ‘N’ cho UL-PRS ¢é thé dugc tao cAu hinh tir tap hop {2, 4, 6, 12}.

Trong LTE, kho ¢6 thé thiét ké anh xa d6 1&ch chiu dugc su gian doan cuc by. Trong
NR, co6 thé dat duoc @0 linh hoat cao hon. Tuy nhién, do kich thudc ring lugc ‘N’ va sb
lwong ky hiéu ‘M’ bi giéi han & mot sb lya chon, viéc anh xa tin hiéu tham chiéu van bi
gigi han trong NR.

Do d9, sang ché @& xuit cac k¥ thuat dé taora cac chudi dd 1&éch. Theo mdt k¥ thuat,
cac éhuSi d6 1éch c6 thé dugc tao ra mot cach c6 hé théng bﬁng cach phan tich nguyén td
bao gbdm su két hop bt ky cta kich thuée rang luge ‘N’ va cac ky hiéu ‘M’ cho mdi tin
hiéu tham chiéu dinh vi.

Mot 1y do @é sir dung phén tich nguyén t6 12 s6 nguyén batky N’ ¢6 thé duoc biéu
didn dudi dang tich cia cdc sb nguyén td. Vi du, 4=2%2, 5=1*5, 6=2*3, 7=1*7, 8=2%2*2,
9=3%3, 10=2%5, 11=1*11, 12=2%2*3, v.v. Mot hofc nhiéu danh séch chudi c6 thé duge
lién két véi mbi sb nguyén td. Vi dy, danh sach chudi lién két voi sb nguyén t6 ¢3° c6 thé

13 ({0, 1, 2}, ...). Theo mét vi du khac, danh sach chudi lién két v6i sb6 nguyén t5 <57 o
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thé 13 ({0, 2, 4, 1, 3},...). Mot hodc nhiéu danh sich chubi lién két véi cac sb nguyén td
nhu vy co thé dugc luu trit duéi dang “céc danh sach chudi nguyén t6”. Dbi véi kich
thuée ring lugc ‘N,” mot hodc nhidu chudi d6 1éch ¢6 thé dugc tao ra dwa vao chudi trong
danh sach chudi lién két véi céc thira s6 nguyén t6 ctia ‘N’

Fig.6 minh hoa Iuu dd ctia phuong phap 600 1am vi du vé viéc tao ra chudi d¢ léch
cho c4c mau riang lugc, theo cac khia canh cua sang ché. Phuong phéap 600 cb thé duoc
thuc hién bdi thuc thé tao chudi, nhu tram géc (vi du, tfam géc bét ky trong sb cac tram
gbc dugc md ta & day) hodc thanh phén mang 13i (vi du, may chu vi tri 230, LMF 270,
SLP 272). Phuong phap 600 c6 thé con duge thuc hién bai UE (vi du, UE bét ky trong céc
UE duogc mo ta & day). Do d6, phuong phéap 600 co thé duoc trién khai dé tao ra chudi do
]éch cua céac tin hiéu tham chiéu @é dinh vi trong ca dudng 1én va dudng xudng.

Theo mdt khia canh, phuong phap 600 co6 thé dugc thuc hién trong lic van hanh
thuc thé mang va/hoic UE. Ngoai ra hogic theo cach khac, phuong phap 600 c6 thé duogc
thuc hién ngoai tuyén, va chudi do 1éch dugc tao ra c6 thé duoc dua vao trong bang tra
cttu va/hoic dugce phan bd khi thich hop. Vi du, tram géc phuc vu ¢6 thé tao cAu hinh UE
véi chudi do léch duoc tao ra trude.

'3 khéi 610, thuc thé tao chudi phan tich kich thudc ring luge ‘N’ thanh céc thira
s6 nguyén t6 ctia n6. Vi du, néu N=6, thi trong khi 610, céc thura sb nguyén t6 s 1a cac
s6 2> va 3.

G khéi 620, thuc thé tao chudi tao ra mot hodc nhiéu chudi @6 1&ch cho tin hiéu
tham chiéu @& dinh vi (vi du, PRS, SRS, v.v.) dwa vao danh sach chudi lién két vé6i cac
thira sb nguyén té va dua vao s6 lwong ky higu ‘M’ cho tin hiéu tham chiéu, tic 13, véi do
dai chudi 46 léch ‘M.’

Fig.7 minh hoa vi du v thuft toan 700 d€ trién khai phuong phép 600, tic 13, aé
tao ra mot hodc nhiéu chudi @6 1éch mot cach c6 hé théng. Vi du, thuat toan 700 c6 thé
duoc st dung dé tao ra chudi d6 léch mot cdch co h¢ théng bao g6m su két hop bét ky cta
‘N’ va ‘M.’ Thuit toan 700 trén Fig.7 co thé dugc s dung dé tao ra mot hodc nhiéu chudi
d6 16ch cho tin hiéu tham chiéu @& dinh vi (vi dy, PRS, SRS, v.v.). Tuy nhién, can thiy
ring thudt toan 700 c6 thé dugc suy rong dé tao ra cac chudi do 1&ch cho tin hiéu bét ky,
bao gbém céc tin hiéu tham chiéu dé dinh vi, trong dudng 1én va/hodc duong xudng.

Pau vao cho thuit toan 700 c6 thé bao gém ‘N,’ biéu dién kich thudc rang lroc, va

‘M.’ biu didn s6 lwong ky hiéu cta tin hiéu tham chi€u cho moi chudi. Thuét toan 700 ¢6
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thé két hop véi mot s6 kién thic da biét, bao gdm “danh sach nguyén t6” va “danh sach
chubi nguyén t§”. “Danh sach nguyén t6” c6 thé 12 bang céc s6 nguyén td. Theo thuét toan
700, bén s6 nguyén t§ dau tién (tic 13,2, 3,5,7) co thé nim trong “danh sach nguyén t6”.
“Danh sach chudi nguyén t8” ¢6 thé 12 bang danh sach chudi, mdi bang lién két véi s6
nguyén t§ cu thé. Theo thuat toan 700, bdn danh sach chudi dau tién (ttc 14, ({0,1}, ...),
({0, 1,2}, ...), ({0, 2,4, 1,3}, ...) va ({0, 3,6, 1,4,2, 5}, ....) c6 thé ndm trong “danh
sach chudi nguyén t6” Can hiu ring, danh sdch nay co thé dugc mé rong dé bao gdm céc
sb nguyén t6 16m hon.

Dua vao “danh séch nguyén t§”, phép toan “fpf(-)” (vi du, ham phan tich nguyén
t8) c6 thé phan tich gia tri (vi dy, gid tri ‘N’ biéu didn kich thudc ring lugc) thanh danh
sich cac thira s6 nguyén t. Vi dy, d6i véi kich thude rang Twoc N=4, s6 nguyén ‘N’ ndy
¢6 thé duoc phan tich thanh céc s6 nguyén t6 {2, 2} do 4=2*2, nhu sau: “p_lists” = {2,
2}; dbi vé6i kich thude ring luoc N=6, s6 nguyén ‘N’ nay c6 thé duoc phan tich thanh céc
s6 nguyén t6 {2, 3} do 6= 2*3, nhu sau: “p_list” = {2,3}.

Dua vao “danh sach chudi nguyén t8,” phép toan “primeseqlist(-)” co thé truy xuét
mot hodc nhidu danh sach chudi lién két dugc lién két véi cac sb nguyén t8. P61 voi mbi
s6 nguyén t6 (vi dy, mdi sd nguyén td trong “p_list”), danh sach chudi lien kbt c6 thé bao
gém mot hodc nhiéu chudi @6 léch (con duge goi la cac chudi nguyén t6). Vi du, dbi voi
s6 nguyén t6 2,” chudi nguyén t6 c6 thé 1a {0, 1} hodc {1, 0}. Ttc la, danh séch chudi lién
két v6i s6 nguyén t6 <2 c6 thé bao gdbm céc chudi {0, 1} va {1, 0}. Luu y 1a danh sach
chudi lién két v6i s6 nguyén t6 c6 thd chinh n6 dugc xem la chudi do 1éch do khong c6
kha ning phan tich thém mot danh sach s6 nguyén t6 bai chinh no.

Theo mdt vi du khac, d6i voi sé nguyén t6 <3° (vi dy, thu duoc tir phép phén tich
N=6 thanh c4c thira s6 nguyén td ciia nd 6=3*2), danh sach chudi lién két c6 thé bao gdbm
mot trong cac chudi {0, 1,2}, {1, 0,2}, {0, 2, 1}, v.v. Can luu y réng danh sach chudi lién
két véi mot sb nguyén t6 khong bit budc phéi bao gbm t4t ca cdc chudi co thé co. Vi du,
dbi v6i sb nguyén t6 3, c6 thé co tdi da sau chudi khac nhau. Tuy nhién, khong bét budc
phai bao gbm ci sau chudi trong danh sach chudi cho sb nguyén t6 3.’

Luuyla d6i v6i mbi sé nguyén t6, cac chudi lién két v6i sb nguyén t6 nay co do
dai bing véi s6 nguyén td nay va bao gom tat ca cac gia tri nguyén khéng am tr khong
dén s6 nguyén t6 nay -1. Vi dy, nhu 4 thiy, cdc do dai cia chudi lién két véi cac s6 nguyén

t6 <27 va “3’14n luot ciing 13 hai va ba va bao gbm tAt ca cac gia tri nguyén khong am 14n
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lwot trong khoang [0, 2] va [0, 3]. Luu y 1a [a, b] = {x | a<x<b}. Mot 14n nita, du danh
<4ch chudi lién k&t véi hai sb nguyén t6 (2’ va ¢3”) dugc thé hién & trén, didu nay c6 thé
duoc mé rong theo mong mudn hoc khi cin thiét.

Thuét toan 700 c6 thé bao gdm it nhét mot sb trong cac phﬁn sau day — phén khéi
tao, doan chinh, va phﬁn xu 1y sau. Trong phﬁn khoi tab, thuét toan 700 co thé khéi tao
dua vao kich thuéc ring luge ‘N’. Nhu d3 thdy, ‘N’ dugc phan tich thanh céc thira sb
nguyén t6 trong bién “p_list”. Vidu, néu N=4, c4c thira sd nguyén td s81a 2’ va 2.” Thc
13, “p_list” = {2, 2}. Theo m¢t vi du khac, néu N=6, thi “p_list” = {2, 3}.

Tiép dén, thuat toan 700 tao ra mot hodc nhidu phép hoan vi duy nhit dbi véi cac
thira s6 nguyén td, tic 13, tao ra phép hodn vi duy nhét d6i véi “p_list” (vi du, bang cach
dio thit tw), va gan phép hoan vi duy nhat cho bién “P_lists”. Vi du, dbi voi N=4 “p_list”
= {2, 2}, va déo thir tu cua “p_list” van s& 1a {2, 2}. Diéu nay nghia 1a d6i voi N=4,
“p_lists” = ({2, 2}), cb nghia la n6 s& bao gdm mot chudi. Tuy nhién, d6i v6i N=6, néu
“p_list” = {2, 3}, thi mot danh sach duy nhét khac {3, 2} c6 thé dugc tao ra bang cach dao
thit tu. Vi vy, d6i véi N=6, “P_lists” = ({2, 3}, {3, 2}). Thuét toan 700 sau do co thé khoi
tao bién “PRS_offsets” cho{}, tirc 13, cho tap hop rSng.‘ “PRS_offsets” dugc st dung dé
thu thap chudi @6 1éch “PRSoffset” do mdi chudi dugc tao ra.

Trong doan chinh cta thudt todn 700, dbi v&i mdi “p_list” ciia “P_lists”, chudi do
1éch duoc tao ra cho “p_list” do, va chudi do 1éch di tao ra dugc thém vao “PRS offsets”.
Doan chinh ctia thuét toan 700 (tic 18, vong 13p FOR chinh) co6 thé duoc phan chia theo
khai niém thanh ba ph?m nhu sau. Trong phﬁn thr nhét, chudi @6 l1éch dwgc tao ra véi do
dai ‘N’ cho mbi “p_list”. Trong phéan thi hai, chudi c6 do dai ‘N’ duge mo rong hodc rut
gon khi cAn thiét dén @6 dai ‘M.” Trong phan thi ba, chudi dd 1&ch c6 do dai ‘M’ duge
thém vao danh séch cuia céc chudi, tic 13, thém vao “PRS_offsets”.

DPoan chinh s& dugc mo ta chi tiét hon v&i vi du cu thé gia dinh rﬁng N=6, c6 nghia
1a “P_lists” = ({2, 3}, {3, 2}). Trong trudng hop ndy, “p_list” = {2, 3} 1an thtr nhét qua
vong 1dp FOR chinh. Trong phan thtt nhét, “PRSoffset” dugc khoi tao thanh {0}. Chudi
6 1éch c6 @6 dai ‘N’ dugc tao ra cho “p_list” = {2, 3} dugc gan vao “PRSoffset”. Noi
c4ch khac, “PRSoffset” co thé twong tmg v6i mot chudi dugc tao ra.

Phan tht nhét c6 thé bao gdm vong 1ap FOR ngoai va vong 1ap FOR trong. Vong
13p FOR ngoai c6 thé duoc thuc hién cho mdi sb6 nguyén t6 trong “p_list”. Trong trudng

hop nay, vong 1dp FOR ngoai co thé dugc thuc hién dau tién cho “pNum” = 2, va thuc
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hién thi hai cho “pNum” = 3. Trong vong lap FOR ngoai, bién tam thoi “templist” dugc
géan vao chudi réng {}.

Tiép theo, vong 1dp FOR trong dugc thuc hién. Trong vong lip FOR tfong, “danh
sach chudi nguyén t6”(“pNum”) cb thé truy xuét chudi nguyén t6 lién két véi sb nguyén
t6 “pNum”. Sau d6 1in thir nhit qua vong lp FOR trong, “pNum” =2, c6 nghia 1a “danh
sach chubi nguyén t6”(“pNum”) c6 thé truy xuét chudi nguyén t6 {0, 1}, c6 nghia 13 bién
“s {» =0 & l4n thit nhét qua, va “s_i” =1 & lan th hai qua.

Luu ¥ 12 & in thi nhét qua vong 1ip FOR trong, “s_i” =0, “pNum” = 2, “PRSoffset”
= {0}, va “templist” = {} (tc la, rdng). Nhu vy, phép toan “pNum” * “PRSoffset” +
“s {” =0, va “templist” = {empty, 0} = {0}. N6i cach khic, “templist” khong con rong.
Thay vao dé, no chira gia tri d§ léch ‘0. LAn thir hai qua vong 1dp FOR trong, “s_1” = 1,
“pNum” = 2, “PRSoffset” = {0}, va “templist” = {0}. Nhu vy, phép toan “pNum” *
“PRSoffset” + “s_i” = 1, va “templist” = {0, 1}. Sau d6, “PRSoffset” = “templist”. Diéu
nay nghia 1a sau 14n thtt nhit thong qua vong ldp FOR ngoai, “PRSoffset” = {0, 1}.

LAn thtt hai qua vong 1ip FOR ngoai, “pNum” =3, va phép toan “danh sich chudi
nguyen t6”(“pNum”) truy xuét chudi nguyén t6 lién két v6i s6 nguyén t6 ¢3,” ma trong
thuat toan 700 1a {0, 1, 2}. Piéu nay nghia 12 vong 1dp FOR trong s& duogc thyc hién ba lan
_1An th nhét véi “s_i” = 0, 1An thit hai véi “s_i” = 1, va 1an thir ba v6i “s_i7=2. DPéi vai
ca ba vong lip trong, “PRSoffset” = {0, 1}.

Lan thtr nhét qua vong 1gp trong véi “s_i” = 0, phép toan “pNum” * “PRSoffset” +
“s_i” s& cho ra hai gid tri — gia tri thi nhét dua vao ‘0’ Vé gié tri th hai dya vao ‘1.7 Cu
thé, “templist” = {‘rdng,” ‘gia tri thit nhét,’ ‘gi4 tri thit hai’} = {3*0+0, 3*1+0} = {0, 3}.
Lan th& hai qua vong 13p trong véi “s_i” =1, “templist” = {“templist,;’ ‘gia tri tht nhét?’
‘gi tri thtt hai’} = {0, 3, 3*0+1, 3*1+1} = {0, 3, 1, 4}. Lan thr ba qua vong ldp frong Vo1
“s {”=2, “templist” = {“templist,” ‘gid tri thir nht,” ‘gia tri the hai’} = {0, 3, 1,4, 3%0+2,
3%142} = {0, 3, 1, 4, 2, 5}, duoc gan vao “PRSoffset,” bidu didn chudi d6 1&éch dugce tao
ra cho kich thudc rang luge ‘N.” Luu ¥ 14 d6 dai cua chudi dugc tao rala ‘N’

Trong phén thir hai ctia doan chinh, chudi dugc tao ra PRSoffset c6, thé dugc mé
rong néu ‘N’ 12 nho hon so véi ‘M, tic la, khi sb luong ky hiéu ‘M’ cho mau 13 16n hon
s0 Vi @6 dai cua chudi duge tao ra. Trong trudng hop nay, phan mé rong co thé 1a tap hop
con lién tiép clia céc chi s [K, K + M — N-1] trong chudi “PRSoffset”, trong d6 ‘K’ 1a
&idm bit dAu cta @6 1éch. Vi du, néu M=8 va K=0 cho chui (0,3, 1,4, 2, 5}, phan m&
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rong s& 1a cac gid tri ¢ chi s6 [0, 1],1a {0, 3}, c6 nghia la chudi dugc mé réng s& 1a {0, 3,
1,4,2,5,0,3}. Cn Iuu ¥ 14 ‘K’ khong nhét thiét bing khong.

Mait khéc, chudi dugc tao ra “PRSoffset” co thé duoc rat ngén néu ‘N’ 16n hon ‘M,
tire 1a, khi s6 luong ky hiéu ‘M’ cho mau 13 nho hon d0 dai cta chudi dugc tao ra. Trong
truong hgp nay, phén rit ngin c6 thé 1a tap hgp con lién tiép ctia cac chi s6[K-1,K+M
_ 2] trong chudi “PRSoffset”, trong d6 ‘K’ 14 diém bit dAu ciia @ 1éch. Mot 1an nita, ‘K’
khong nhét thiét bing khong, tirc 13, phan rit ngén duoc giéi han & cac gid tri "M’ thir nhét
ciia “PRSoffset”. Vi du, néu M=4 va K=2 cho chudi {0, 3, 1, 4, 2, 5}, thi phan rat ngén
s& 1a cac gia tri & chi s6 [1, 4], c6 nghia 13 chudi duge rat ngan s& 1a { 3, 1, 4, 5}.

Trong phén tht ba cua doan chinh, chudi d6 1éch dugc tao ra “PRSoffset” (co thé
mé rong hodc rit ngén) c6 thé dugc thém vao “PRS_offsets”. Sau khi thuc hién doan
chinh cho nhiéu “p_list”, c6 thé c6 nhiéu chudi @6 1éch trong “PRS_offsets”.

Trong phén xit 1y sau cia thudt todn 700, “PRS offsets” co th dugc rit gon dén
mot danh sach duy nhét cua cdc chudi do léch qua phép toa’mv “PRS offsets” =
Unique(“PRS_offsets”). Chubdi d9 1éch dugce tao ra & didm ndi nay c6 thé duoc str dung.
Ngoai ra hodc theo cach khac, néu mudn, nhiéu chubi d6 1éch hon c6 thé duoc tao ra qua
phép toan Shift(“PRS_offsets”, comb_offset”) dugc mo ta chi tiét hon dudi day.

Fig.8 minh hoa vi du vé mau tin hiéu 800 cb chubi dd 1éch dugc tao ra cho N =8
va M = 12 (tuy chon K=0) bang cach st dung thut toan 700 ngay trude khi thyc hién phép
toan Shift(“PRS_offsets”, “comb_offset”), tic 13, sau khi thuc hién phép toan
Unique(“PRS_offsets”). Chudi do 1éch duge tao ra 1a {0, 4, 2, 6, 1, 5, 3,7,0,4,2,6}.
Trong trudng hop ndy, do ‘N’ 12 nhé hon ‘M,’ chudi dugc kéo dai bang cach lip lai bbn
do6 léch dau tién. Pay chi 1a mot lya chon d8 kéo dai chudi. Theo mot lya chon khac, mot
phﬁn ctia chudi do 1&ch duoc tao ra boi danh sach nguyén t6 khéc c6 thé dugc gin kém
theo. |

Luu y 1a trong mot s6 truong hop, c6 thé c¢6 nhidu hon mot chudi duy nhét dugc tao
ra. Cac Fig.9A va 9B minh hoa hai chudi duoc tao ra véi N=6 va M=6 (tity chon K=0).
Chudi thir nhét trén Fig.9A 1a {0, 3, 1,4, 2, 5} va chudi thit hai trén Fig.9B 1a {0, 2, 4, 1,
3, 5}. Trong c4c tredng hop ndy, nut mang (vi du, tram gbc phuc vu) c6 thé lya chon ngiu
nhién mdt trong cac chudi va thong bao cho (cac) UE vé chubi @6 1éch duge chon. Theo
cach khac, mdt trong cac chudi c6 thé duoc chon theo mic dinh ma khong phai la ngau

nhién.
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Luu ¥ 13 trong cé4 Fig.8, Fig.9A va Fig.9B, chudi do 1&ch sao cho céc phan tir tai
nguyén dung dé truyén tin hidu tham chiéu dugc phan bd déu hon, thay vi xuét hién nhu
mAu bac thang. Tt 13, gifta cac ky hiéu lién tiép, cac phén tir tai nguyén cho tin higu tham
chiéu khong ndm trong cic séng mang con lidn ké. Pidu nay khién chubi @6 1éch dugc tao
ra chiu dwoc luge bdt va xung 4ot t6t hon. Su phéan bd ddu co thé dat duoc, vi du, bﬁng
cich taora chudi d6 1éch dua vao céc thira $6 nguyén td ctia N. |

mwzm&@wﬁwmxﬁ@&m@mﬁmﬁmm&@yémmm&wwm
dugc tao ra cho céc tin hi¢u tham chiéu duong xuéng (vi dy, PRS) va cho cac tin hiéu tham
chiéu duong 1én (vi du, SRS) dé dinh vi bﬁng céch st dung thuét toan 700. TAt ca cac vi

du ndy, dugc gia dinh 1a d6 1éch ring lugc =0 dé keém theo va rat ngén.

Puodng xubng Puong 1én
N=2, M=2 N=2, M=1
(0,1} {0
N=2, M=4 N=2, M=1
{0, 1,0, 1} {0}
N=2, M=6 N=2, M=4
0,1,0,1,0, 1, {0, 1,0, 1}
N=4, M=2 N=2, M=8
{092} {05 ]', OJ ]‘7 O! 17 09 ]‘J 03 1}
N=4> M=4 N:2, M=8
{0,2,1,3} {0,1,0,1,0,1,0,1,0,1,0,1,0, 1}
N=4, M=6 N=4, M=1
0,2,1,3,0,2, {0}
N=6, M=2
2.3 10,2} N=4, M=2
2 > {0,2}
13, 2[{0, 3}
N=6, M=4
N=4, M=4
2,3 {0,2,4,1}
{OJ 27 1’ 3}
3,21 {0,3, 1,4}
N=6, M=6 N=4, M=8
2,3]{0,2,4,1,3,5} {0,2,1,3,0,2,1,3}
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3,2/ {0,3,1,4,2,5}
N=12, M=12 N=4, M=12
{0,6,3,9,1,7,4,10,2,8,5, 11} {0,2,1,3,0,2,1,3,0,2, 1, 3}
N=8§, M=1
{0}

N=8§, M=2
{0.4}
N=8§, M=4
{0,4,2,6}

N=8, M=8
{0,4,2,6,1,5,3,7}
N=8, M=12
{0,4,2,6,1,5,3,7,0,4,2,6}

Bing 2

Trong cdt dudong xubng ctia Bang 2, uu y 1a ddi voi ba muc nhép trong d6 N=6,
m3i muc nhap c6 hai chudi d6 1éch c6 kha ning. Piéu nay 1a do c6 hai gid tri duy nhét
“p_list” trong “P_lists”. Cu thé 13, “P_lists” = ({2, 3}, {3, 2})- M&bi chudi d6 l1&ch twong
g v6i mot gia tri cua “p_list”. Luu y thém 13 thudt toan 700 khong phu thudc vao viée
d6 1&ch duogc tao ra 1a danh cho dudng lén hay dudng xudng. Tuc 13, d6i véi cac gia tri
gibng nhau cua N va M, chudi do 1éch dugce tao rala giéng nhau bt ké chudi d6 1a danh
cho dudng 1én hay cho dudng xubng. Vi dy, d6i véi N=4 va M=4, chubi dugc tao ra la {0,
2, 1, 3} cho ca dudng 1én va duong xudng.

Chudi do léch 1am vi du liét ké trong cdt dudng xubng ciia Bang 2 1a chudi do 1éch
{0,6,3,9,1,7,4,10,2,38,5, 11}, dugc tao ra cho N=12 va M=12. Chudi @6 1éch nay cho
phép tao ra chudi do 1éch cho tin hiéu tham chiéu dé dinh vi su dinh vi dugc cdi thién do
kich thudc ring luge cao ‘N’ va s6 luong ky hiéu cao hon ‘M’ s& dugc sir dung cho céc
tin hiéu tham chiéu. Luu ¥ 13 ngay ca véi chudi do 1&ch dai nay, khong cé sy chdng l4n
trong mién tin sb gitta cac ky hiéu (khac nhau). |

Quay tr¢ lai Fig.7, va nhu dugc thé hién & trén, chudi @6 léch tich tu trong
“PRS_offsets” sau cac phép toan Unique(“PRS_offsets”) c6 thé duoc st dung. Tuy nhién,
theo mot khia canh, mot hodc nhidu chudi d6 1éch khac co thé dugc tao ra dya vao céc

chudi @6 1&ch "thw nhét" nay thong qua phép toan Shift(“PRS_offsets,” “comb_offset”).
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Céc chudi do 1éch "tht hai" nay o thé dugc sir dung thay cho hodc bén canh céc chudi dd
16ch duoc tao ra tr ban dau.

Trong phép toan Shift, chudi do 1&ch thir nhét c6 thé duge dich chuyén trong cac
am b%mg luong ‘J’ (biéu dién do 1éch ring lugc) v6i sy bao boc détaora chudi .dcf) 1&ch tht
hai. D6 1éch ring lugc ‘J° c6 thé duoc xem 1a thiét 1ap @6 dich ban dau trong cac Am. Quay
trd lai Fig.8, chudi d6 léch dugc minh hoa ¢ thé dugc xem 12 mot vi du vé chudi thtr nhét
ma khong c6 d6 1éch riang luoc, te 1a, J=0.

Fig.10 minh hoa mau tin hiéu 1000 1am vi du c6 chudi @6 léch dugc minh hoa trén
Fig.8 nhung dugc dich chuyén mdt Am. tirc 13, trén Fig.8, J=0, va trén Fig.10, J=1. Do do,
Fig.8 minh hoa chudi d6 léch {0,4,2,6,1,5,3,7,0, 4,2, 6}, trong khi Fig.10 minh hoa
chudi d6 léch {1, 5,3,7,2,6,4,0,1,5,3, 7}. Uu didm cua phép toan Shift ty chon la
nhiéu chudi d6 1&ch tht hai chiu duoc sy lugc bat co thé dugc tao ra tr mot chudi @6 léch
thi nhat chiu duge su luge bot. Po dich cho phép tAn sb st dung lai thira s6 ‘N’ véi kich
thudc ring luge ‘N.”

Phép toan Shift c6 thé dugc chu trac hoa nhu sau. Gia sk chudi tht nhét ‘D’ c6 do
dai ‘M, nghia 1a D={Do, Dy, ..., D1y} Chudi d9 1&ch thir hai <X’ ¢6 cung d dai ‘M,’
nghia 1a X={Xo, X1, ..., XmM-1}, €0 thé dugc tao ra bang cach dich chuyén cac sbng mang
con cita chudi thr nhét ‘D’ bing luong J° nhd thiét 1ap Xu=mod(Dwt], N), trong 46 N’
1a kich thuéc ring luge, tring khép véi do dai chudi 49 léch.

~ Ngoai ra hodc theo cach khac, su dich chuyén nay co6 thé con dién ra trong mién
thi gian (khong dugc thé hién trén hinh v&). Ttc Ia, cdc ky hidu c6 thé duge dich chuyén
dé tao ra mdt hodic nhidu chudi thi hai. Khi dich chuyén céc ky hiéu, phép toan MOD nén
dua vao ‘M.’ Viduy, néu I’ bidu dién lwong dich ky hiéu, thi Xm=Dmod(m+L, M))- Vi du, néu
M=8 va L=3, thi chudi thir hai X={D3, D, Ds, De, D7, Do, D1, D2} ¢co thé dugc tao ra.

Fig.11 minh hoa vi du vé mét thuat toan khac 1100 dé tao ra mot cach c6 hé théng
chudi d6 1éch ma cling bao ham sy Kkét hop bét ky cua ‘N’ va ‘M.’ Du Fig.11 minh hoa
viéc tao ra chudi do 1éch cho PRS, cin nhan théy 12 thuét toan c6 thé duoc suy rong dé tao
ra chudi do 1éch cho tin hiéu bét ky, bao gém céc tin hiéu tham chiéu dé dinh vi, trong
dudng 1én va/hodc dudng xudng.

Cac diu vao cua thuét toan 1100 co thé bao gbm ‘N’ va ‘M.” Céc dau vao S’
va/hodc ‘K’ co thé duogc cung cép thém cho thuét toan 1100. Diu vio ‘S’ ¢6 thé bidu dién

kich thudc budc va dau vao ‘K’ ¢b thé biéu dién gi4 tri chudi ban diu. Thuat toan 1100 c6
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thé tao ra chudi do 1éch ‘O’ c6 d6 dai ‘M.’ tirc 13, O = {Oo, O1, ... Om ... Om1}. Cac gia
tri cia ‘S’ va ‘N’ ¢6 thé duge chon dé cung cép su phan bd ddng déu trong cac sdng mang
con, trong tu nhu thuat toan 700.

Nhu duoc thé hién, thuat toan 1100 c6 thé con bao gém phén khoi tao, ph?m doan
chinh, va phan xir 1y sau. Trong phan khéi tao, gia tri chudi thi nhit ‘Op’ ¢6 thé dugc khoi
tao thanh ‘K.’ Néu khong dugc cung cép, ‘K’ c6 thé mic dinh 13 ‘0’ hodc 13 s6 nguyén bét
ky nao do.

Trong phﬁn doan chinh, céc gié tri chudi con lai ‘O1’ dén‘Om.1’ 6 thé dugc tao ra
theo céach 13p lai. Trong vong ldp chinh, mdi gia tri chudi ‘O’ c6 thé duoc tao ra dua vao
gia tri chudi trudc d6 ‘Om.1,” kich thude budc *S,” va kich thuée rang luge “N.” Vi dy, phép
toan Om = mod(S + Om1, N) c6 thé dugc thuc hién. Céc gid tri chudi c6 thé duge luu trit
trong “PRSoffset” d8 biéu dién chudi do 1éch dugce tao ra.

Mot phép toan lam vi dy cua thuét toan 1100 s& dugc mo ta cho N=5, M=6, S=3,
va K=0. Theo kich ban nay, chudi do léch dugc tao ra ‘O’ s& c6 d6 dai la sdu, trc 13, O =
{09, O1, Oz, O3, O, Os}.

Trong phin khéi tao, gi4 tri chudi thir nhat dugc thiét 1ap bing khong, tirc 13, Oo =
K =0. Trong phﬁn doan chinh, cac gia tri chudi con lai O1, Oz, 03, O4, Os dugc thiét 18p.
Vi dy, cac gia tri chudi con lai c6 thé dugc thiét 1ap nhu sau: -

01 =mod(S + 0o, N) =mod(3 + 0, 5) =3;

0, =mod(S + 01, N) =mod(3+3,5)=1;

03 =mod(S + 02, N) =mod(3 + 1, 5)=4;

04 =mod(S + 03, N) =mod(3 + 4, 5) =2; va

Os = mod(S + O4, N) =mod(3 +2, 5) =0.

Do dé, chudi do 1&ch “PRSoffset” = {0, 3, 1, 4, 2, 0} duoc tao ra.

Luu ¥ 14 sy lya chon ctia kich thude budc ¢S’ ¢b thé c6 anh huéng dang ké trong su
phan b ciia cac phan tir tai nguyén cho tin hi¢u tham chiéu. Vi duy, khi S=0 (tic la, khong
¢6 kich thudc budc), mau s& ndm ngang. Tuc 14, cing mdt song mang con ‘K’ & duogc su
dung qua cac ky hiéu ‘M’ cho tin hiéu tham chiéu. Vi vay, theo mot khia canh, ‘S’ nén 16n
hon khong. Vi dy, khi S=I, mAu s& c6 hinh dang gidéng bac thang. Theo mét khia canh,
kich thudc budc ‘S’ co thé duge thiét 1ap 1a S=N/2 (vi du, khi ‘N’ 13 chén), hodc
S=San(N/2) hodc S=Tran(N/2) (vi dy, khi ‘N’ 12 1¢).
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Phin xit 1 sau bao gdm thiét 1ap “PRSoffset” thanh mod(Shift(“PRSoffset,” ),
‘N’). Bing phép toan nay, néu RE trong chudi duge tao ra ndm ngoai PRB ma tin hi¢u
tham chiéu cin dugc truyén trong d6, thi RE s& dugc “quin quanh” song mang con twong
tng trong PRB. Vi du, néu RE trong chudi dugc tao ra roi vao séng mang con thir hai
ngoai séng mang con cudi cung ctia PRB, thi RE ¢6 thé dugc di chuyén dén séng mang
con thir hai cia PRB (séng mang con ‘1°).

Fig.12 minh hoa luu dd ctia phuong phap 1200, 1a phuong an thuc hién lam vi du
clia cac phuong phap va thudt toan 8 tao ra chudi @6 1éch nhu duge mo ta & trén. Phuong
phéap 1200 ¢6 thé duogc thuc hién boi tram géc (vi du, tram géc bét ky trong sb cac tram
gbc duge md ta & ddy), thanh phan mang 16 (vi dy, mdy chi vi tri 230, LMF 270, SLP
272,v.v.), hodc UE. Dé dé dang tham khao, thuc thé c6 kha ning tao ra chubi d6 1&ch (tram
géc, thanh ph@‘m mang 161, UE, v.v.) s& dugc goi chung la thuc thé tao chudi.

Trong khdi 1210, thuc thé tao chudi tao ra mot hodc nhiéu chubi @3 l1&ch cho tin
hiéu tham chiéu @& dinh vi (vi du, PRS, SRS, v.v.) dua vao kich thudc rang luge ‘N’ va sb
Iwong céc ky hidu ‘M’ cho tin higu tham chiéu. Nhu dugc mo ta & trén, ‘M’ ¢6 thé biéu
didn s6 lwong ky hiéu (vi du, cic ky hiéu OFDM) dugc phan bd dé truyén tin hiéu tham
chiéu cho mdi khe. ’

Phuong phap 1200 c6 thé duge thuc hién trong qué trinh hoat dong clia thuc thé tao
chudi. Ngoai ra hodc theo cach khéac, phuong phép 1200 co6 thé duogc thuc hién ngoai tuyén,
va chudi d6 léch duoc tao ra cd thé duoc dua vao trong bang tra ciru va/hodc dugc phan
bd khi thich hop. Vi dy, tram géc phuc vu cé thé tao cdu hinh UE véi chudi dé 1éch duoc
tao ra trudc.

Theo mét khia canh, phwong phap 600 trén Fig.6 va thuét toan 700 trén Fig.7 co
thé dugc xem 1a vi du vé phuong an thuc hién cia khdi 1210. Nhu dugc md ta & trén dua
vao khdi 610, thuc thé tao chudi phan tich s6 kich thudc ring lwgc ‘N’ thanh cac thira sb
nguyén td clia no, va trong khéi 620, thuc thé tao chudi tao ra mdt hodc nhiéu chubi do
1éch cho tin hi¢u tham chiéu dé dinh vi.

Fig.13 minh hoa luu dd cua quy trinh lam vi du dé thuc thé tao chudi thyc hién cac
khéi 610 va khéi 620 trén Fig.6.

Trong khéi 1310, thuc thé tao chudi tao ra mdt hodc nhiéu danh sach nguyén t6 duy
nhét, méi danh sach cia mot hodc nhiéu danh sich nguyén t6 duy nhit bao gdm danh séch

céc thira s6 nguyén td cta kich thuge rang luge ‘N’. Khéi 1310 c6 thé twong Gmg v6i phén
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khéi tao ciia thuét toan 700. Vi dy, khi N=6, thuc thé tao chudi trong khéi 1310 ¢6 thé tao
ra P_lists = ({2, 3}, {3, 2}). Danh s4ach nay bao gdm tap hop danh sach nguyén t6 duy
nhat. Nhu c6 thé thiy, danh sich nguyén t6 thi nhat {2, 3} khac biét v6i danh sach nguyén
t6 thit hai {3, 2}, va cé hai danh sach nguyén t5 bao gbm cic thira s6 nguyén t6 2’ va ‘3’
cua N.

Trong khéi 1320, thuc thé tao chudi tao ra mdt hodc nhiéu chudi @6 1éch cho tin
hiéu tham chiéu dé dinh vi (vi du, PRS, SRS, v.v.) dya vao danh sich chudi lién két véi
cac thira s6 nguyén t6 ciia mdi danh sach trong sb mot hodc nhiéu danh sach nguyén tb
duoc tao ra trong khéi 1310 va dua vao sb luong ky hiéu ‘M’ cho tin hiéu tham chibu, tic
1a, @0 dai chudi ‘M.’ Khéi 1320 c6 thé twong tng v6i phﬁn doan chinh ctia thuat toan 700.

Trong khdi tuy chon 1330, thuc thé tao chubi xtr ly sau mdt hodc nhiéu chudi do
1éch dugc tao ra trong khdi 1320. Khéi 1330 c6 thé twong (g véi phan xir Iy sau cua thuat
toan 700. Viéc xtr 1y sau co thé bao gém viéc tao ra mgt hodc nhiéu chubi dd 1&ch bd sung
tor mét hodc nhiéu chudi dd 1&ch, vi du, bﬁng cach dich chuyén mot hodc nhiéu chudi do
1éch theo @ 1éch ring lugc ‘J” hodc lugng dich ky hiéu ‘L.’

Fig.14 minh hoa luu dd cta quy trinh 1am vi du cta thye thé tao chudi dé thuc hién
khdi 1320 trén Fig.13.

Trong khdi 1410, thyc thé tao chudi c6 thé tao ra chudi d6 1éch (vi dy, “PRSoffset”)
dwa vao danh sich chudi (vi dy, “danh sich chudi nguyén t6”) lién két v6i cac thira s
nguyén td cia mot trong cac danh sach nguyén t6 (vi du, “p_list”). Khéi 1410 c6 thé tuong
ung voi phan thit nhit ctia phan doan chinh trong thuét toan 700.

Trong Kkhdi 1420, thuc thé tao chudi m& rong hogc rit gon chudi do 1&ch thanh 4%
d3i M khi cdn thiét khi M’ khong bing N> Khéi 1420 c6 thé tuong tng i phin thi
hai ciia phan doan chinh trong thuét toan 700. ‘

Trong khéi 1430, thyc thé tao chudi thém chubi d9 1¢ch vao tap hop cdc chudi do
1éch (vi du, thém “PRSoffset” vao “PRS_Offsets”). Khéi 1430 c6 thé trong g v6i phan
thit ba ctia phan doan chinh trong thudt toan 700.

Trong khdi tiry chon 1440, thyc thé tao chubi x4c dinh c6 thém danh sach nguyén
t6 duy nhit hay khong (vi dy, c¢6 thém danh sach nguyén t6 “p_list” trong bién “P_list”).
Néu c6 (nhanh Y” tir khéi 1440), thi cac khdi 1410 — 1430 ¢6 thé duoc lap lai. Néu khong,
két thic quy trinh.
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Quay tro lai Fig.13, trong khéi 1330, thyc thé tao chudi xir Iy sau mot hodc nhidu
chudi d6 1&ch. Khdi 1330 ¢6 thé twong Ging v6i phan xir Iy sau trong thuat toan 700. Viéc
Xt ly sau co thé bao gém viéc rat ngén mot hodc nhiéu chudi do l1éch thanh tap hop chudi
d6 1éch. Piéu ndy co th tuong tung vG6i phép toan “PRS offsets” =
Unique(“PRS_offsets”). Ngoai ra hodc theo cach khéc, viéc xir Iy sau ¢ thé bao gdm viéc
tao ra mot hodc nhiéu d6 léch bd sung tir mot hodc nhiéu do 1éch. Piéu nay co thé twong
{ing v6i phép toan Shift(“PRS_offsets,” “comb_offset,” ‘J”) nhu duwoc mo ta chi tiét & trén.

Fig.15 minh hoa luu dd cta quy trinh 1am vi du dé thuc thé tao chudi thyc hién khéi

1210 trén Fig.12. Fig.15 ¢c6 thé twong ng v6i thuat toan 1100 trén Fig.1 1.
| Trong khdi 1510, thuc thé tao chudi khoi tao gid tri chudi thit nhét ‘0o’ cta chudi
do6 1éch thanh ‘K. Néu ‘K’ khong dugce cung cép, gi4 tri mdc dinh (vi du, K=0) ¢o thé
dugc gan. Theo cach khac, sd nguyén ngau nhién c6 thé duogc gan. Khéi 1510 co thé twong
{ing v6i phan khéi tao ctia thudt toan 1100.

Trong khédi 1520, thuc thé tao chudi tao ra cac gid tri chudi con lai tir ‘O7’ dén ‘Om-
1 dwa vao ‘N’ va ‘S’ va gid tri chudi trudc d6 ‘Om.1.” Vi dy, phép toan Om = mod(S + Om-
1, N) co thé duoc thuc hién. Khéi 1520 c6 thé twong Gng véi phén doan chinh trong thuat
toan 1100. A

Trong khéi tuy chon 1530, thuc thé tao chudi xt Iy sau mdt hodc nhiéu chudi do
l1éch dugc tao ra trong khdi 1520. Khdi 1530 c6 thé twong Gng véi phén xtt 1y sau trong
thuat toan 1100. Viéc xir Iy sau ¢6 thé bao gém viéc tao ra mot hodc nhiéu chudi d6 1&ch
bd sung tir mot hodc nhidu chudi d6 1&ch, vi du, b%mg cach dich chuyén mot hodc nhiéu
chudi d6 1&ch theo dd 1éch rang luge ‘J.°

Quay tré lai Fig.12, trong khéi 1220, thuc thé tao chubi c6 thé tiy chon tao ra mot
hodc nhiéu bang tra ctru @8 luu trit chudi @6 1&éch dugc tao ra trong khéi 1210. Vi duy, thuc
thé mang c6 thé thuc hién khdi 1210 ngoai tuyén va tao ra cac bang tra ctru trong khdi
1220 cho céc thyc thé khong c6 kha ning tao ra chudi dd 1&ch. |

Fig.16 minh hoa vi du vé phurong phéap 1600 d8 truyén thong khong day, theo cac
khia canh cua sang ché. Theo mdt khia canh, phuwong phéap 1600 c6 thé duoc thuc hién boi
thuc thé tao chﬁSi, nhu tram géc (vi dy, tram géc bét ky trong sb céc tram géc dugc mo ta
& day), UE (vi duy, UE b4t ky trong cdc UE duoc mo ta ¢ day), thuc thé mang (vi du, may
chu vi trf 230, LMF 270, SLP 272, v.v.).
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0 1610, thuc thé tao chubi phan tich kich thwéc rang luwoc N thanh céc thira $6
nguyén t6 ctia N. Theo mot khia canh, khi thuc thé tao chudi 1a UE, hoat dong 1610 c6 thé
dugc thuc hién boi hé théng xur 1y 332, thanh phﬁn bd nhé 340, va/hodc bd tao chudi 342,
bét ky hodc tAt ca trong sd d6 c6 thé duwgc xem 13 phuong tién dé thuc hién hoat dong nay.
Khi thuc thé tao chudi 1 tram géc, hoat dong 1610 co thé duoc thuc hién boi hé théng xir
1y 384, thanh phan b nhé 386, va/hodc bo tao chudi 388, bt ky hodc tht ca trong sb d6 ¢6
thé dugc xem 13 phuong tién @8 thuc hién hoat dong nay. Khi thuc thé tao chudi 14 thuc
thé mang, hoat ddng 1610 co6 thé dugc thuc hién boi hé thc“')ng xu ly 394, thanh phﬁn bd
nhd 396, va/hodc bd tao chudi 398, bat ky hoic tht ca trong sb6 d6 c6 thé duoc xem la
phuong tién dé thuc hién hoat dong nay.

& 1620, thuc thé tao chudi tao ra mot hodc nhidu chudi do 1&ch cho tin hi¢u tham
chiéu dé dinh vi dwa vao mot hodc nhidu danh sach chudi lién két v6i cac thira sb nguyén
6 ctia N va mot s6 ky hidu M ma tin higu tham chiéu dugc 13p lich trén d6. Theo mot khia
canh, khi thuc thé tao chudi 12 UE, hoat dong 1620 c6 thé duoc thuc hién boi hé théng XU
ly 332, thanh ph'?m b6 nhé 340, va/hodc b tao chudi 342, bét ky hodc tAt ca trong $6 d6 co
thé duogc xem 13 phuong tién dé thyc hién hoat dong nay. Khi thuc thé tao chudi 13 tram
gbc, hoat dong 1620 c6 thé dugc thuc hign béi he théng xit 1y 384, thanh phén bd nhé 386,
va/hodc bd tao chudi 388, bat ky hodc tAt ca trong s6 d6 co6 thé duogc xem 13 phuong tién
dé thuc hién hoat dong nay. Khi thuc thé tao chubi 1a thyuc thé mang, hoat dong 1620 c6
thé duoc thuc hién béi he théng xit 1y 394, thanh phan bd nhé 396, va/hode b tao chudi
398, bat ky hoic tat ca trong sb @6 c6 thé dugc xem 13 phuong tién dé thuc hién hoat dong
nay. ‘

Fig.17 minh hoa vi du vé phwong phap 1700 dé truyén thong khong day, theo cac
khia canh cia sang ché. Theo mot khia canh, phwong phéap 1700 c6 thé dugc thyc hién boi
tram géc, (vi dy, tram géc bét ky trong sb c4c tram géc dugc mo ta ¢ day).

O 1710, tram géc nhan dang cAu hinh tin hiéu tham chiéu dé truyén DL-PRS dén
UE (vi dy, UE bét ky trong cac UE duoc md ta & day), c4u hinh tin hiéu tham chiéu cung
chp cdc tai nguyén tin hidu tham chiéu trong it nhét ky hiéu OFDM th& nhét, ky higu
OFDM thit hai, ky hiéu OFDM tht ba, ky hi¢u OFDM thir tu, ky hiéu OFDM thtt nam, ky
hiéu OFDM thtt séu, ky hiéu OFDM thir bay, ky hiéu OFDM thtt tam, ky higu OFDM thtr
chin, ky hi¢u OFDM thtr mudi, ky higu OFDM thir mudi mot, va ky hiéﬁ OFDM thr muoi
hai. Theo mét khia canh, hoat déng 1710 c6 thé duoc thuc h_ién boi hé théng xur ly 384,
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thanh phdn bd nhé 386, va/hosic bd tao chubi 388, bét ky hodc tt ca trong s d6 c6 thé
dugc xem 1a phuong tién dé thuc hién hoat dong nay.

O 1720, tram géc truyén, dén UE, dua it nhit mot phﬁn vao cau hinh tin hiéu tham
chiéu, phéan thi nhét ctia DL-PRS trén tép con th nhét ctia céc tai nguyén tAn sb trong ky
hiéu OFDM thir nhét, phan thtt hai ciia DL-PRS trén tap con thit hai cua céac tai nguyén
tan sb trong ky hiéu OFDM thit hai, phz‘?m thit ba cia DL-PRS trén t3p con thit ba clia cac
tai nguyén tAn sb trong ky hiéu OFDM tht ba, phén tht tw cia DL-PRS trén tap con th
tu clia cac tai nguyén tAn s6 trong ky hiéu OFDM thur tu, phén thit ndm cua DL-PRS trén
tap con thit nim cla cac tai nguyén tan sb trong ky hiéu OFDM thtt nam, phéan thir su cia
DL-PRS trén tip con th& sdu cta cic tai nguyén tAn s6 trong ky hiéu OFDM thur sau, phin
thit bay ctia DL-PRS trén tap con thi bay cua cac tai nguyén tan s6 trong ky hiéu OFDM
thir bay, phén tht tdm cua DL-PRS trén tap con thir tAm clia cic tai nguyén tan sd trong
ky hiéu OFDM thur tam, phén thit chin ctia DL-PRS trén tap con thi chin clia cdc tai nguyén
tAn s trong ky hiéu OFDM tht chin, phan thir mudi cia DL-PRS trén tap con thir muoi
cua céc tai nguyén tan s trong ky hiéu OFDM thit muoi, phén tht muoi mot cia DL-PRS
trén tap con thir mudi mot cia c4c tai nguyén tan sb trong ky hiéu OFDM thit mu6i mot,
va phan thtr mudi hai caa DL-PRS trén tap con thir mudi hai cua cac tai nguyén tAn s
trong ky hiéu OFDM thir mudi hai. Tap con thtr nhit cia cac tai nguyén tan s, tap con
thir hai ctia cac tai nguyén tin s6, tap con th ba clia cac tai nguyén tAn s6, tap con th tu
cliia céac tai nguyen tin sb, tAp con thit ndm cua cic tai nguyén tan sd, tap con tht sdu clia
c4c tai nguyén tan so tap con thir bdy cua cdc tai nguyén tan so tap con thir tm cia cac
tai nguyén tan so, tap con thir chin cda céc tai nguyen tan so tap con thu mudi cia cac tai
nguyén tn sb, tp con thir muoi mdt clia cac tai nguyén tAn s, va tap con thir mudi hai
cla céc tai nguyén tan sb khong chdng 14n trong mién tin s6. Theo mdt khia canh, hoat
dong 1720 c6 thé duoc thyc hién boi hé théng xir 1y 384, thanh phén bd nhé 386, va/hodc
b tao chudi 388, bét ky hodc tét ca trong sb d6 co thé dugc xem 13 phuong tién dé thuc
hién hoat dong nay.

Theo mét khia canh, ky hiéu OFDM tht nhét ¢6 do 1éch 0, ky hiéu OFDM thir hai
c6 d6 1&ch 6, ky hidu OFDM thit ba c6 d6 1&ch 3, ky hiéu OFDM thir tw c6 d6 1&ch 9, ky
hiéu OFDM thit nim c6 d6 1&ch 1, ky higu OFDM thtt sédu c6 d6 1&ch 7, ky hiéu OFDM
thit bay c6 d6 léch 4, ky hi¢u OFDM thir tam c6 d6 1&ch 10, ky hiéu OFDM thtt chin ¢6 49
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1&ch 2, ky hiéu OFDM thir mudi c6 49 1éch 8, ky hiéu OFDM thit mudi mot ¢6 d6 1éch 5,
va ky hiéu OFDM thix mudi hai ¢6 @0 léch 11.

Theo mot khia canh, mbi tép con trong s6 tap con thit nhét ciia céc tai nguyén tan
s, tap con thit hai clia céc tai nguyén tan sb, tap con thir ba clia c4c tai nguyén tin b, tap
con thit trr clia céc tai nguyén tan sb, tap con thit ndm cla cac tai nguyén tan sb, tap con
thir sdu clia cac tai nguyén tan sd, tap con thit bay cua céc tai nguyén tAn s6, tap con tht
tdm cua cac tai nguyén tan s, tap con thir chin ctia c4c tai nguyén tAn s, tap con thtr mudi
cua cic tai nguyen tan sd, tap con thr mudi mot cua cac tai nguyén tAn s, va tip con th
mudi hai cla céc tai nguyen tan sé dugc tao cau hinh theo mau ring luge-12.

Ngudi co hidu biét trung binh trong linh vuc k¥ thudt nay hiéu ring cac thong tin
va tin hiéu c6 thé dugc bidu dién bing cach st dung cong nghé va k¥ thuét bét ky trong sb
nhiéu céng nghé va k¥ thuat khac nhau. Vi du, dit liéu, 1énh, chi 1énh, thong tin, tin hiéu,
bit, ky hiéu, va chip ma co thé dugc mo ta trong subt phﬁn mo ta & trén c6 thé dugc thé
hién bang dién 4p, dong dién, séng dién tir, cac tir truong hodc hat ti¥, cac truong hodc hat
quang hoc, hodc dang két hop bét ky ciia ching.

Ngoai ra, nguorl ¢6 hidu biét trung binh trong hnh vuc k¥ thuat nay hiéu ring cAc
khéi logic, modun, mach, va cac budc thudt toan minh hoa khic nhau duwoc mo ta lién quan
dén cac khia canh duoc boc 10 trong ban mo ta nay c6 thé duoc trién khai dudi dang phan
cing dién tu, ph??m mém may tinh, hodc su Kkét hop cua ca hai. P& minh hoa rd tinh hoan
dbi cua phﬁn cing va phﬁn mém, c4c thanh phﬁn, khdi, modun, mach va buéc minh hoa
khac nhau d3 duge mo ta trén ddy nhin chung 1 v& mit chirc ning cua ching. Chirc nang
nhu vy dugc trién khai dudi dang phan cting hay phin mém 1a thy thudc vao tng dung
cu thé va rang budc thiét ké ap dit 1én toan bd hé théng. Ngudi co hidu biét trung binh
trong linh vuc k¥ thuét nay c6 thé thuc hién chirc ndng duge mo ta theo nhiéu cach khac
nhau trong ting ung dung cu thé, nhung cac quyét dinh thuc hién nay khong nén duoc
hidu 1a nim ngoai pham vi clia sang ché.

C4c khéi logic, modun va mach minh hoa khac nhau dugc mo ta lién quan dén cac
khia canh dugc bdc 16 ¢ day co the_duqc trién khai hodc thuc hién boi bd xir 1y da dung,
b6 xit 1y tin hidu sé (DSP - digital signal processor), ASIC, FPGA hodc thiét bi logic 1ap
trinh dugc khéc, cbng roi rac hodc logic bong ban dn, thanh phén phén cing ro1i rac, hodc
t hop bét ky cia chiung dugc thibt ké dé thyuc hién cac chiic ning duge mo ta & day. Bo

xir 1y da dung c6 thé 13 bd vi xit 1y, nhung theo cach khac, bd xir Iy 6 thé 1a bd xir 1y, bd
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didu khién, b6 vi didu khién, hofic may trang thai thong thuong bét ky. Bd xit Iy ciing cb
thé duoc trién khai duéi dang t6 hop cuia cac thiét bi dién toéan, vi du, td hop cua DSP va
b6 vi xit Iy, nhidu bd vi xit Iy, mot hodc nhiéu bd vi xir Iy két hop véi 161 DSP, hodic cac
cAu hinh twong tu khac bat ky.

Céc phwong phép, trinh tir va/hodc thuat toan dugc mo ta lién quan dén cac khia
canh dugc bdc 16 ¢ day co thé duoc thé hién truc tiép trong phén cting, trong modun phén
mém duoc thuc thi bai bo xir Iy, hode Kkét hop ctia ca hai. Modun phz‘?tn mém c6 thé thudc
vé bo nhé truy cap ngau nhién (random access memory - RAM), bd nhé flash, b nhé chi
doc (read-only memory - ROM), bd nhé chi doc 1ap trinh dwoc x6a dugc (erasable
programmable read-only memory - EPROM), bd nhé chi doc 1ap trinh duge x6a duoc bang
dién (electrically erasablé programmable read-only memory - EEPROM), thanh ghi, dia
cimg, dia 11, bd nhé chi doc dia nén (compact disc read-only memory - CD-ROM), hodc
dang khéc bét ky cia phuong tién luu trir da biét trong linh vyc nay. Phuong tién luu trix
Jam vi du dugc ghép ndi v&i bd xir 1y sao cho bd xtr Iy ¢o thé doc thong tin tir, va ghi thong
tin vao, phwong tién luu trit. Theo cach khac, phuong tién luu trit c6 thé duoc tich hgp vao
bo xit 1y. B xtt 1y va phuong tién luu trir ¢6 thé ndm trong ASIC. ASIC c6 thé nam trong
thiét bi diu cudi ngudi ding (vi du, UE). Theo céch khac, bd xi 1j va phuong tién Turu triy
c6 thé ndm dudi dang cac bd phén rdi rac trong thiét bi dAu cudi ngudi dung.

Theo mot hodc nhidu khia canh vi du, cac chitc ning dugc mb ta co thé duge trién
khai trong phﬁn cung, phﬁn mém, firmware, hodc t6 hop bt ky cta chung. Néu duge trién
khai trong phﬁn mém, c4c chirc ning co thé dugc Iuu trit trén hodc truyén duéi dang mot
hoac nhidu 1énh hozic mi trén phuong tién doc dugc bang may tinh. Phuong tién doc dugce
bang may tinh bao gbm ca phuong tién luu trlr may tinh va phuong tién truyén thong bao
gdm phuong tién bét ky hd trg truyén chuong trinh may tinh tir vi tri nay dén vi tri khac.
Phuong tién luu trit ¢6 thé 13 phuong tién bat ky ma c6 thé duoc truy cap boi may tinh. Vi
du, va khong gidi han, phwong tién ldoc dugc béi may tinh nhu vy co thé bao gém RAM,
ROM, EEPROM, CD-ROM hoic bd nhé dia quang khac, bo nhé dia tir hodc cac thiét bi
luu trit tr khac, hodc phuong tién khéc bét ky c6 thé duoc ding dé mang hodc luu trit ma
chuong trinh mong mudn dudi dang céc 1énh hodc cu trac dit liéu va may tinh c6 thé truy
cap dugc. Hon nita, moi két ndi cling duoc goi 1a phuong tién doc dugce bang may tinh. Vi
dy, néu phan mém duoc truyén tir trang web, may chu hodc ngudn tir xa khéc nho st dung

cap dbng truc, cap soi quang, cap x0dn ddi, dudng day thué bao s6 (digital subscriber line
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- DSL), hoic c4c cong nghé khong déy nhu hong ngoai, séng vo tuyén, vi song, thi cap
dbng truc, cap soi quang, cap xo#n d6i, DSL, hodc cic cong nghé khong day nhu hdng
ngoai, séng vo tuyén, vi séng nay dugc bao ham trong dinh nghia vé phurong tién. Dia tir
va dia quang, nhu dugc su dung ¢ déy, bao gbm dia nén (Compact Disc - CD), dia laze,
dia quang, dia k¥ thuat sb da ning (Digital Versatile Disc - DVD), dia mém va dia Blu-
ray, trong d6 céc dia tir thuong sao chép dit liéu theo cach tir tinh, trong khi d6 dia quang
sao chép dit liéu theo cach quang hoc bang cic tia laze. T6 hop ctia céc loai phuong tién
trén ciing c6 thé dugc dua vao trong pham vi phuong tién doc dugc bang mdy tinh.

Mic du phin mb ta trén day thé hién c4c khia canh minh hoa, cAn luu ¥ rdng nhitng
thay ddi va cai bién khac nhau c6 thé duoc thuc hién ma khong ndm ngoai pham vi ciia
séng ché nhu duoc xac dinh boi bd yéu cAu bao hd kém theo. Céc chirc nang, buéc va/hodc
hanh d6éng cla cic yéu ciu bao h¢ phuong phép theo céc khia canh ciia sang ché duge md
ta & day khong can dugc thuc hién theo thi ty cu thé. Hon nita, mic du céc phﬁn tr clia
sang ché c6 thé dugc md ta hodc dugce yéu ciu bao ho & dang sb it, nhung dang s6 nhiéu

cling dugc dy tinh trir khi gi6i han & dang s6 it dugc néu rd rang.
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YEU CAU BAO HQ
1. Thuc thé tao chubi, bao gém:
bd nhd; va
it nhat mot bd xut 1y duge ghép ndi truyén thong v6i bd nhd, it nhét mot bo xtt Iy
duogc tao cAu hinh dé:
phan tich kich thudc ring lugc N thanh céc thira s6 nguyén t§ caa N, trong
d6 N 1a kich thu6e rang luoc; va
tao ra mgt hodc nhiéu chudi @6 1&ch cho tin hiéu tham chiéu dé dinh vi dua
vao mot hodc nhidu danh séch chudi lién két véi cac thira s§ nguyén t6 ctia N va mét sd

ky hiéu M ma tin hi¢u tham chiéu dugc l4p lich trén o, trong 46 M 13 s6 lwong ky hiéu.
2. Thyec thé tao chudi theo diém 1, trong d6 N=12 va M=12.

3. Thuc thé tao chudi theo diém 1, trong d6 mdt hodc nhiéu chudi dd 1éch bao gém chudi

do léch {0, 6,3,9,1,7,4,10,2,8,5, 11}.

4. Thye thé tao chudi theo diém 1, trong d6 it nhat mot bo xtt Iy dwoc tao chu hinh dé phan
tich kich thudc ring lugc N va tao ra mt hodc nhidu chudi d6 léch bao gdm it nhét mot
bd xur Iy duoc tao cAu hinh dé:

tao ra mdt hodc nhidu danh sach nguyén t6 duy nhét dua vao kich thudce ring lugc
N, mdi danh sach nguyén t6 bao gdm danh sach cac thira s6 nguyén t6 cia N; va

tao ra mot hodc nhiéu chudi do 1éch twong ung véi mot hodc nhiéu danh sich

nguyén t6 duy nht.

5. Thuc thé tao chudi theo diém 4, trong 46 it nhit mot bd xit 1y dugce tao cAu hinh dé tao
ra mot hodc nhidu chudi do 1éch twong ng véi mot hodc nhiéu danh sach nguyén t6 duy
nhét bao gdm, cho mdi danh sich nguyén t4 trong s6 mot hodc nhiéu danh s4ch nguyén t6
duy nhit, it nhit mdt bd xu 1 dugc tao cAu hinh dé: -

tao ra chudi d6 1&ch twong Gmg véi danh sach nguyén t5;

rat gon hodc mé rong chudi @9 1éch dén do dai chudi M; va

thém chubi d6 léch vao tap hop chudi d6 1éch, tap hop chudi @6 1éch 12 mot hodc

nhiéu chudi dé 1éch.
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6. Thuc thé tao chubi theo diém 4, trong do:
it nhat mot bd xir Iy duge tao cAu hinh d& phan tich kich thudc ring luoc N va tao
ra mot hodc nhiu chudi @6 1&ch bao gf‘)m it nhat mét bd xt Iy duoc tao cAu hinh dé thuc
hién xir Iy sau dya vao mdt hodc nhidu chudi d6 16ch twong g v6i mdt hodc nhidu danh
sadch nguyén t6 duy nhit, va
it nhat mot bd xtr 1y duge tao cAu hinh @& thuc hién xt Iy sau bao gém it nhat mot
b6 xtr Iy duogc tao cAu hinh dé:
it gon mét hodc nhiéu chudi do 1éch thanh tap hop duy nhét cua céc chudi
do6 1éch; va/hodc A |
tao ra mot hodc nhiéu chudi @6 1&ch bd sung tr mot hodc nhiéu chudi do

1&ch.

7. Thuc thé tao chudi theo diém 6, trong d6 it nhét mot bo xtt 1y duoc tao cAu hinh dé tao
ra mot hodc nhiéu chudi d6 l1&ch bb sung bao gém it nhat méot bd xtt Iy dugc tao cAu hinh

de:

(2]

tao ra mét hodc nhidu chudi do 1&ch bd sung bang cach dich chuyén am cac phﬁn t
tai nguyén cua tin hiéu tham chiéu trong mdt hodc nhiéu chudi @6 1&ch trong mién tan sd;
va/hodc '

tao ra mdt hodc nhiéu chudi @6 1&ch bd sung bﬁng cach dich chuyén ky higu cac
phén tir tai nguyén cla tin higu tham chiéu trong mot hodc nhiéu chudi d6 1éch trong mién

thoi gian.

8. Thuc thé tao chudi theo diém 1, trong @6 it nhit mot bo xt 1y con duge tao cAu hinh dé:
khoi tao gid tri chudi thit nhét trong mot hodc nhiéu chudi dd 1&ch cho tin hi¢u tham
chiéu dé dinh vi; va
tao ra theo cach 1dp lai cac gia tri chudi con lai trong mot hodc nhiéu chubi @6 léch
dwa vao kich thudc bude S, kich thudc ring lvoc N, va s6 lwong ky hiéu M cta tin hiéu

tham chiéu, trong d6 S 13 kich thudc bude.

9. Thuc thé tao chudi theo diém 8, trong d6:
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| dua vao viéc gia tri ban diu K duogc cung cép, it nhat mot bd xi Iy duge tao cAu

hinh dé khéi tao gia tri chudi thir nhat thanh gia tri ban diu K, trong d6 K 1a gia tri ban
dau, va

dwa vao viéc gia tri ban d4u K khong dugc cung cp, it nhit mé6t bd xir Iy dugce tao

cAu hinh d& khoi tao gi tri chudi thir nhét thanh gié tri mac dinh hodc gan gid tri sb nguyén

ngau nhién vao gia tri chudi thir nhat.

10. Thyc thé tao chudi theo diém 8, trong d6 it nhét mot bd xit 1y dugc tao cAu hinh d tao
ra theo cach lip lai cac gid tri chudi con lai trong mot hodc nhiéu chudi @6 1éch bao gém it
nhit mét bo xit Iy duge tao cAu hinh dé:

thiét 1ap Om = mod(S + Om.1, N) cho mbi gid tri chudi con lai Om, m=1 thanh M-1.

11. Thuc thé tao chudi theo diém 1, trong d6 thuc thé tao chudi 13 tram géc duoc tao cAu
hinh d& truyén tin hiéu tham chiéu dé dinh vi dén mot hoic nhiéu thiét bi ngudi dung (user

equipment - UE).

12. Phuong phép truyén thong khong day dugc thuc hién boi thuc thé tao chudi, phuong
phép nay bao gdm céc budc: | ,
phan tich kich thuéc rang luge N thanh céc thira s6 nguyén td cta N, trong d6 N 1a

kich thudc ring lugc; va
tao ra mdt hodc nhiéu chudi dd 1&ch cho tin hiéu tham chiu dé dinh vi dya vao mot
hoic nhidu danh sach chuo6i lién ket voi cac thira sb nguyén t6 ciia N va mot so ky hiéu M

ma tin hiéu tham chiéu dugc 14p lich trén do, trong d6 M 14 sb luong ky hiéu.
13. Phuong phéap theo diém 12, trong d6 N=12 va M=12.

14. Phuong phép theo diém 12, trong 6 mot hodc nhidu chudi d6 1éch bao gdm chubdi do

1&ch {0, 6,3,9,1,7,4,10,2,8,5, 11}.

15. Phuong phap theo didm 12, trong d6 mdi danh sach trong s6 mdt hodc nhidu danh sach

chudi lién két voi thira sb nguyén t6 tht nhét trong cac thira s6 nguyén to bao gom mot
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hoidic nhidu chudi nguyén t6, moi chuoi nguyén t6 c6 do dai bang thira s6 nguyén to thir

nhéat.

16. Phuong phép theo didm 12, trong d6 budc phén tich kich thudc rang luge N va tao ra
mot hodc nhiéu chubi d6 léch bao gbm:

tao ra mdt hodc nhiéu danh sich nguyén t6 duy nhét dua vao kich thuéc riang luge
N, mbi danh sach nguyén t6 bao gdbm danh sach cac thira s6 nguyén t6 ciia N; va

tao ra mdt hodc nhidu chudi @6 léch twong (ng véi mot hodc nhiéu danh sach

nguyén t6 duy nhét.

17. Phuong phép theo diém 16, trong @6 budc tao ra mot hodc nhiéu chudi d 1&ch tuong
rng véi mot hodc nhiéu danh sach nguyén t6 duy nhét bao gdm, cho mdi danh sich nguyén
t6 trong s6 mot hodc nhiéu danh sdch nguyén t6 duy nhat:

tao ra chudi do léch twong tmg v6i danh sdch nguyén t6;

rut gon hodc m& rong chudi d6 léch dén @6 dai chubi M; va

thém chudi d6 léch vao tép hop chudi d6 1&ch, tip hop chudi dd 1éch 12 mot hodc

nhiéu chudi dd Iéch.

18. Phuong phép theo diém 16, trong do:

budc phan tich kich thude rang luge N va tao ra mot hodc nhiéu chudi d6 1&ch bao
gém thuc hién xtt Iy sau dua vao mot hodc nhidu chudi do 16ch twong tng véi mot hode
nhiéu danh sach nguyén t6 duy nhét, va

thyc hién xt 1y sau bao gbm:

rat gon mot hodc nhiéu chudi d6 1éch thanh tap hop duy nhét cta céc chudi

d6 1éch; va/hodc

tao ra mdt hodc nhiéu chuoi do 16ch b6 sung tir mot hodc nhiéu chudi do

1éch.

19. Phuong phéap theo diém 18, trohg d6 budc tao ra mot hodc nhidu chudi do 1éch bd sung

bao gém:
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tao ra mot hodc nhiéu chudi d6 léch bd sung bang cach dich chuyén am cac phén tor
tai nguyén cua tin hiéu tham chiéu trong mot hodc nhiéu chudi do l1&ch trong mién tan sb;
va/hodc

tao ra mdt hodc nhidu chudi do 18ch bd sung bang cach dich chuyén ky hiéu céc
phén tir tai nguyén ctia tin hiéu tham chiéu trong mot hodc nhidu chudi d6 léch trong mién

thoi gian.

20. Phuong phap theo diém 12, phuong phap nay con bao gdm cic bude:

khoi tao gia tri chudi thit nhét trong mdt hodc nhiéu chudi d6 1&ch cho tin hiéu tham
chiéu dé dinh vi; va

tao ra theo cach 13p lai cic gid tri chudi con lai trong mdt hodc nhiéu chudi dd 1&ch
dua vao kich thuéc bude S, kich thude rang Iwoc N, va s6 luong ky hiéu M cua tin hi¢u

tham chiéu, trong d6 S 13 kich thuéc bude.

21. Phuong phép theo diém 20, trong d6:

dwa vao viéc gié tri ban du K duoc cung cip, gia tri chudi thr nhat dugc khéi tao
thanh gié tri ban dau K, trong d6 K 12 gid tri ban dau, va

dua vao viéc gia tri ban diu K khong dugc cung cép, gia tri chudi tht nhét duoc

khéi tao thanh gié tri mic dinh hodc dugc gin gid tri s6 nguyén ngiu nhién.

22. Phuong phap theo didm 20, trong d6 budc tao ra theo cach 1dp lai cac gi4 tri chudi con
lai trong mot hodc nhiéu chudi d6 1éch bao gém: '

thiét 13p Om = mod(S + Om-1, N) cho mbi gi4 tri chudi con lai Om, m=1 thanh M-1.

23. Phuong phép theo diém 12, trong d6 thuc thé tao chudi 1a tram gbc duge tao céu hinh

dé truyén tin hiéu tham chiéu @é dinh vi dén mdt hodc nhiéu thiét bi nguoi dung (UE).

24. Phuong phép theo diém 23, trong do:
nhiéu chudi do 1éch dugc tao ra, va
phuong phap nay con bao gbm c4c budc:
chon mot trong s6 nhiéu chudi do 1éch dé str dung trong viée truyén tin hiéu

tham chiéu d€ dinh vi; va
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thong bao cho mdt hodc nhidu UE v& chudi d6 1éch dang dugc sir dung.
25. Phuong phép theo diém 12, trong d6 thuc thé tao chudi 1a thiét bi ngudi dung (UE).
26. Phuong phap theo diém 12, trong d6 thuc thé tao chudi 1a thanh phan mang 15i.

27. Phuong phap truyén thong khong day tai tram gbc, phuong phap nay bao gdm cac
budec:

nhan dang cAu hinh tin hiéu tham chiéu dé truyén tin hiéu tham chiéu dinh vi duong
xudng (downlink positioning reference signal - DL-PRS) dé dinh vi dén thiét bi nguoi
ding (UE), cAu hinh tin hidu tham chiéu cung ¢4p chc tai nguyén tin hiéu tham chiéu trong
it nhét ky hiéu ghép kénh phéan chia theo tin s6 truc giao (orthogonal frequency division
multiplexing - OFDM) thir nhét, ky hiu OFDM thi hai,‘ ky hiéu OFDM thit ba, ky hiéu
OFDM thtt tu, k§ hiéu OFDM thit nim, ky hi¢u OFDM thtt sau, ky hiéu OFDM thu bay,
kg hiéu OFDM thit tdm, ky hi¢u OFDM thir chin, ky hiéu OFDM thir mui, kg hiéu OFDM
thér mudi mot, va ky hiéu OFDM thir muoi hai; va _

truyén dén UE, dya it nhit mot phin vao cu hinh tin higu tham chiéu, phan thir
nhét ctia DL-PRS trén tdp con thi nhét cua céc tai nguyén tAn s trong ky hiéu OFDM thix
nhét, phén thit hai ciia DL-PRS trén tip con thtt hai ctia céc tai nguyén tan sb trong ky hiéu
OFDM thtt hai, phin thir ba cia DL-PRS trén tdp con thir ba cua céc tai nguyén tin sb
trong ky hiéu OFDM thtt ba, phan thtt tu cua DL-PRS trén tap con thir tu cia cac tai nguyén
tAn 6 trong ky hiéu OFDM tht tu, phén thit ndm cla DL-PRS trén tip con thr ndm cla
c4c tai nguyen thn sb trong ky hiéu OFDM thir nam, phén thir sdu cia DL-PRS trén tép
con thit siu ciia cac tai nguyén tan s6 trong ky hiéu OFDM tht sau, phan thit bay cia DL~
PRS trén tip con thit by cua céc tai nguyén tn sb trong ky hiéu OFDM tht bay, phén thi
tam cia DL-PRS trén tip con thi tim cila cic tai nguyén tAn sb trong k¥ hiéu OFDM thu
tAm, phén thit chin cua DL-PRS trén tap con thir chin cua cac tai nguyén tin sb trong ky
hiéu OFDM thi chin, phin thit mudi cua DL-PRS trén tap con thr mudi clia cac tai nguyén
tan sb trong ky hiéu OFDM thir mudi, phén tht mudi mot ciia DL-PRS trén tip con thi
mudi mdt cia cic tai nguyén tAn s6 trong ky higu OFDM thir mudi mot, va phén thir muroi
hai ctia DL-PRS trén tap con thtr mudi hai cia cdc tai nguyén tAn s6 trong ky hiéu OFDM

ther muoi hai,
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trong d6 tdp con thir nhét clia céc tai nguyén tin s6, tap con thir hai cia céc tai
nguyén tAn s6, tap con thit ba cta céc tai nguyén tAn sb, tap con thir tu cia cic tai nguyén
thn sb, tap con thir ndm cla cic tai nguyén tan s, tip con thit sdu cla cic tai nguyén tn
sd, tap con thir bay cuia céc tai nguyén tAn sb, tap con thi tm clia cic tai nguyén tan sb,
tap con thit chin ciia c4c tai nguyén tAn s6, tap con thit mudi clia céc tai nguyén tan sd, tap
con thir mudi mdt cua cac tai nguyén tdn s6, va tap con tht muoi hai cla céc.tz‘ti nguyén

tan s6 khong chong lan trong micn tan so.

28. Phuong phép theo diém 27, trong do6:

~ ky hiéu OFDM tht nhat c6 d6 1&ch 0,
ky hiéu OFDM thit hai c6 d9 1éch 6,
k¥ hiéu OFDM thit ba c6 d6 1éch 3,
k¥ hiéu OFDM thir tw c6 9 1éch 9,
ky hiéu OFDM thir ndm c6 d6 léch 1,
ky hiéu OFDM thir sdu c6 do 1éch 7,
ky hiéu OFDM thit bay c6 do 1éch 4,
k¥ hiéu OFDM thir tdm c6 d¢ 1éch 10,
ky hiéu OFDM thit chin c6 d¢ 1&ch 2,
ky hisu OFDM thir mudi c6 dd 16ch 8,
ky hiéu OFDM thér murdi mot c6 4o léch 5, va
k¢ hi¢u OFDM thir muoi hai ¢6 d§ 1éch 11.

29. Phuong phap theo diém 27, trong d6 mdi tap con trong s6 tap con thir nhét ctia cac tai
nguyén tAn 8, tap con thir hai ciia céc tai nguyén tAn s, tap con thit ba cuia cic tai nguyén
tAn 8, tap con thi tu cia c4c tai nguyén tAn s, tap con thir ndm cua céc tai nguyén tin s,
tap con thir sdu cla cac tai nguyén tan sé, tap con thir bay cla céc tai nguyén tan sb, tap
con thtr tdm ctia céc tai nguyén tan sb, tap con thi chin clia céc tai nguyén tin s6, tAp con
thr muoi cla cac tai nguyén tan s6, tAp con thit mudi mot cia cic tai nguyén tan s6, va tap

con thir mudi hai cta céc tai nguyén tan s6 duge tao cau hinh theo mau rang lugce-12.

30. Tram gdc bao gbm:

b0 nho;
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it nhat mot bd thu phat; va
it nhat mot bo xir Iy dugce ghép ndi truyén thong v6i bd nhé va it nhit mot bd thu
phat, it nhit mot bd xu 1y duogc tao cAu hinh dé:

nhan dang cu hinh tin hiéu tham chié éu d8 truyén tin hiéu tham chiéu dinh
vi duong xubng (DL-PRS) dén thiét bi ngudi dung (UE), cu hinh tin hiéu tham
chiéu cung cip céc tai nguyén tin hiéu tham chiéu trong it nhét ky higu ghép kénh
phan chia theo tin sb truc giao (OFDM) thit nhét, ky hidu OFDM thir hai, ky higu
OFDM tht ba, ky hiéu OFDM tht tw, ky hiéu OFDM th nim, ky hiéu OFDM thu
sau, ky hiéu OFDM thir bay, ky hiéu OFDM thir tam, ky hiéu OFDM thit chin, ky
hiéu OFDM thit muoi, ky hiéu OFDM thtr mudi mot, va ky hiéu OFDM thlr muoi
hai; va

khién it nhat mot bo thu phat truyén, dén UE, dua it nhit mot phﬁn vao cAu
hinh tin hiéu tham chiéu, phﬁn th nhéat cia DL-PRS trén tdp con thir nhét cta céc
tai nguyén tAn s6 trong ky hiéu OFDM thu nhét, phan th hai cia DL-PRS trén tap
con tht hai cua céc tai nguyén tin sb trong ky hiéu OFDM tht hai, phén thtt ba cta
DL-PRS trén tip con thi ba clia céc tai nguyén thn s6 trong ky hiéu OFDM thtr ba,
phén th tu cua DL-PRS trén tép con thir tw clia cac tai nguyén thn sb trong ky hi¢u
OFDM thtt tu, phan thir nim ciia DL-PRS trén tap con thr nim cla cac tai nguyén
tAn sb trong ky hiéu OFDM thtr ndm, phin thi sdu cia DL-PRS trén tap con thir
sau cua cac tai nguyén tAn s6 trong ky hiéu OFDM tht sau, phan thir bay cia DL-
PRS trén tép con thtr by cua céc tai nguyén tin sb trong ky hiéu OFDM thu bay,
phan thit tdm cia DL-PRS trén tap con thi tdm clia céc tai nguyén tan s6 trong ky
hiéu OFDM th tam, phan thit chin cia DL-PRS trén tap con thr chin cua céc tai
nguyén tan s6 trong ky hiéu OFDM thtt chin, phén thit mudi cia DL-PRS trén tap
con thtr mudi ctia cic tai nguyén tin sb trong ky hi¢u OFDM thit mudi, phan tht
mudi mot cia DL-PRS trén tap con thir mudi mot cua cac tai nguyén tan sb trong
ky hiéu OFDM thtr muoi mot, va phe‘”m thtt muoi hai cia DL-PRS trén tép con thir
mudi hai ciia céc tai nguyén thn s6 trong ky hiéu OFDM thir mudi hai,

trong d6 tap con thu nhét ciia cac tai nguyén tan sd, tép con thir hai ctia céc
tai nguyén tan 6, tAp con thit ba cla cac tai nguyén tan <6, tip con thir tu cia cac
tai nguyén tn so tap con thir ndm cla cac tai nguyén tan so tap con thir su cuia

cac tai nguyén tAn sb, tap con thir bay ciia cac tai nguyén tAn s, tAp con thir tdm
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clia c4c tai nguyén tan so, tép con thi chin cia c4c tai nguyén tan s, tdp con th
mudi clia cac tai nguyén tan so, tap con thit mudi mdt cia cic tai nguyén tan so, va

tap con thir mudi hai ciia céc tai nguyén tin sd khong chong 14n trong mién tén so.
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# Khoi tao
Cho kich thudc ring lugce N, thuc hién thira s6 nguyén to p_list = fpf(N);
P_lists = Unique(permutation(p_list)); #Tim hodn vi duy nhat cia p_list

PRS offsets = {};

# DPoan chinh — tao ra d6 1éch cho mdi p_list (mdi danh sach thira s6 nguyén t6)
Cho p_list trong P_lists

# Tao ra chudi do léch c6 do dai N
PRSoffset = [0];
Cho pNum trong p_list
templist = [];
Cho s_i trong primeseqlist(pNum);
templist = [templist, pNum * PRSoffset +s_if;
Két thuc
PRSoffset = templist;
Két thic

# M& rong hodc rit gon danh sach do léch dén symperPRS M
if (combsize N < symperPRS M)
mé rong PRSoffset thanh d6 dai M bang cach lap lai mot phan clia
PRSoffset; # Luu y 1
elseif (combsize N > symperPRS M) # Luu y 2
rat ngan PRSoffset thanh kich thude M;
Két thuc :

Thém PRSoffset vao PRS_offsets;
Két thuc

# xu ly sau — Tim tAt ca cac chudi duy nhat & két hop do léch rang lugce
PRS_offsets = Unique(PRS_offsets);
PRS offsets = Shift(PRS_offsets, comb_offset J); # Néu mudn

#Luu y 1: Phdn mo& rong c6 thé 1 tap con lién tiép bat ky [K, K+M-N] cua PRSoffset.

# trong d6 K 1a diém bt dau ctia chudi do 1éch.

# Luu ¥ 2: Phan rat ngén khong bi gi6i han & M thit nhat cua PRSoffset.
# C6 thé 1a tp con lién tiép bat ky [K, K+M] cua PRSoffset.

# trong d6 K 1a diém bét dau cia chudi do 1&ch.

Fig.7
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/— 1100
#
# Tao ra chudi do léch O dwa vao N, M, S, K trong dé
# N biéu dién kich thuéc ring lugec,
# M biéu dién s6 luong ky hiéu PRS (vi dy, cho moi khe),
# S biu dién kich thuéc bude (c6 thé mgc dinh 1a 1), va ,
# K biéu dién d6 léch 4m ban dau (c6 thé mic dinh 1a 0 hodc s6 nguyén ngau nhién
nao do)

# Do dai ctia chudi do léch 1a M. S va N dugc chon dé cung cép su phan bd déu
# trong cac song mang con.

# Chudi dd léch O =[O, Oy, ..., Om, .., Omit]

#

# Khéi tao Thiét 1ap gié tri chudi thir nhat thanh d6 léch 4m ban dau K
00=K; # c6 thé mic dinh 13 0 hodc gié tri ngau nhién nao d6 néu khéng duoc dinh rd
# Poan chinh — tao ra theo céach lap lai cac gid tri chudi
Cho m=1 dén M-1
Om = mod(S + Oy, N);
Két thuc
PRSoffset =[O, Oy, ..., Om, .., Omei]

# X ly sau , '
PRSoffset = mod(Shift(PRSoffset, comb_offset J), N); # Néu mudn

Fig.11
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Nhén dang cAu hinh tin hiéu tham chiéu dé truyén DL-PRS dén UE,
cAu hinh tin hiéu tham chiéu cung cép céc tai nguyén tin hiéu tham
chiéu trong it nhat ky hiéu OFDM thi nhét, ky hiéu OFDM thit hai,
ky hiéu OFDM thir ba, ky hiéu OFDM tht tw, ky hiéu OFDM tha [ >~ 1710
nam, ky hiéu OFDM thtt sau, ky hiéu OFDM thir bay, ky hiéu OFDM
tht tdm, ky hiéu OFDM thtt chin, ky hiéu OFDM thir mui, ky higu
OFDM thtr mudi mét, va ky hiéu OFDM thir mudi hai

Truyén, dén UE, dya it nhit mot phan vao cu hinh tin hiéu tham
chiéu, phan thi nhét ctia DL-PRS trén tdp con thit nhat cua cac tai
nguyén tan sé trong ky hiéu OFDM thit nhat, phan thi hai ciia DL-

PRS trén tip con thtr hai cua cac tai nguyén tan s6 trong ky hiéu

OFDM thit hai, phan thit ba cia DL-PRS trén tap con thir ba ctia cac
tai nguyén tan sb trong ky hiéu OFDM th ba, phan thi tu ctia DL-
PRS trén tap con thir tu cua c4c tai nguyén tan s trong ky hiéu
OFDM thu tu, phé‘tn thtr ndm ctia DL-PRS trén tdp con tht ndm cua
céc tai nguyén tan s trong ky hiéu OFDM thir nam, phin thir sau cta
DL-PRS trén tap con thr sdu cua cac tai nguyén tin sb trong ky hiéu
OFDM thur sau, phan thr bay cua DL-PRS trén tdp con thir bay cua
céc tai nguyén tan sb trong ky hiéu OFDM thit bay, phan thir tam cua
DL-PRS trén tap con thr tdm cua céc tai nguyén tan sO trong ky hiéu ~~_ 1720
OFDM thtt tAm, phan thir chin cia DL-PRS trén tap con thi chin cta
céc tai nguyén tan sb trong ky hiéu OFDM thit chin, phan thtr mudi
cta DL-PRS trén tip con thir mudi cua cac tai nguyén tin s6 trong ky
hiéu OFDM thtr muoi, phén ther mud1 mot cua DL-PRS trén tdp con
tht muoi mot cia cac tai nguyén tan so trong ky hiéu OFDM thtt
mud1 mot, va phé‘m thir mudi hai cua DL-PRS trén tap con thtr mudi
hai cua cdc tai nguyén tan s trong ky hiéu OFDM thtr muot hai,
trong do tap con thu nhat cla c4c tai nguyén tin sd, tap con ter hai
cla cdc tai nguyén tan s0, tap con thir ba cua c4c tai nguyén tin sb,
tp con thu tu cua cdc tai nguyén tan so tap con thu nam cua céc tai
nguyén tan so tap con thlI sau cua céc tai nguyén tan so tap con thtr
bay cua cac tai nguyen tin so, tap con thir tam cua cac tainguyén tan
s0, tap con thir chin cua céc tai nguyén tan s, tip con thir mudi cia
cac tai nguyén tan so, tap con thir mudi mot clia cic téi nguyen tan

s, va tap con thir mudi hai cia cac tai nguyen tan s6 khong chong

lin trong mién tan so

Fig.17





