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(21) 1-2021-03281

(57) Sang ché dé cap dén phuong phap va thiét bi tao chudi, va dé cap dén linh
vuc cac ki thuat truyén thong, dé giai quyét van dé vé viéc ty 16 cong suat dinh
trén trung binh (PAPR) cta ky tu tin hiéu tham chiéu giai diéu ché (DMRS) cao
hon PAPR cuia ky tu dit liéu. Hé s6 khoi tao ctia chudi thtr nhat duge thu nhan,
trong d6 hé sb khoi tao duoc két hop v6i tham sb thir nhét; va chudi thir nhit dugc
tao ra dua trén hé s6 khoi tao. Ngoai ra, tham sb thir nhat 1a sb luong céng, hoac

tham s thir nhét 1a ky hiéu nhan dang nhom ghép kénh phan chia theo ma (CDM).
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Linh vie k¥ thuat dwoce dé cap

Sang ché d& cap dén linh vuc cac k§ thuat truyén thong di dong, va cu thé,
dé cap dén phuong phép va thiét bi tao va xir Iy chudi, hé théng truyén thong va

phwong tién luu trit doc dugc bang may tinh.
Tinh trang k§y thuit ciia sang ché

Trong hé thdng da ddu vao da ddu ra (multi-input multi-output), mdi anten
truyén (vi du, anten logic hodc anten vat ly) c¢6 kénh dit liéu doc 1ap. Thiét bi phia
thu (vi du, thiét bi mang hoic thiét bi dau cudi) thuong thyc hién wéc lwong kénh
trén mdi anten truyén dya trén tin hidu tham chiéu da biét trudce, va khoi phuc,
dwa trén két qua danh gia kénh, tin hiéu dit liéu duge truyén qua kénh dit liéu. Do
d6, cach thiic tao cdu hinh tin hiéu tham chiéu hodc cach thirc tao cdu hinh chudi
duogc st dung dé tao ra tin hiéu tham chiéu 12 viéc rat quan trong. Trong qua trinh
cAu hinh chudi dé tao tin hiéu tham chiéu, cach thirc dé tranh nhiu ciing tré thanh

van d& quan trong ma can phai giai quyét ngay.
Ban chit k§ thuit ciia sang ché

Céc phuong 4n cua sang ché d& xudt phuong phap va thiét bi tao va xir Iy
chudi. Sang ché dé xuit phuong phap va thiét bi tao va xtr Iy chudi. Phuong phép
va thiét b tao va xtr Iy chudi c6 thé 1am giam ty 1 cong suat dinh trén trung binh
mot cadch hi€u qua trong qua trinh gui ky tu, va cu thé 1a ap dung dugc cho truong

hop ma trong d6 tin hiéu tham chiéu dwoc gui.

Theo khia canh thir nhat, phwong 4n ctia sang ché dé xuit phuong phap tao
chudi, bao g(‘Sm: thu nhan hé 36 khéi tao cta chudi thi nhit, trong d6 hé s6 khai
tao duoc két hop véi tham s6 thtr nhat; va tao chudi tht nhét dua trén hé sd khoi

tao.

Vién din t6i khia canh thir nhat, trong phuong 4n kha thi thir nhit, hé sb

khoi tao thoa man:
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Conie = (27 ) + 2N + g0, mscrp) | mod 2™

trong d6  f(,nscip) = (Ngympnge +1+ 1) (zNIglngcw + 1) +
29h (),

f(A nscrp) = (NSOt nb e +1429h(2) + 1) (ZNIglg"'“SC‘D) + 1) ,
hoac

f}\ — NSlOt 38 | 1 ZNgO\'nSCID) Zdh A 1):

(A nse) = ( symbNg¢ T 1+ ) D + M) +1);

d théa mén: def0,1,2, ...,13}; A 1a tham s6 thir nhét, va A 13 mot trong
Sé }\1, )\2, va }\3,

g(A1, ngcip) = nscip, V@ h(4) = 0;

g(Az, nscip) = 1-ngcp, va h(d;) = 0;

g(A3,n5cip) = Ngcrps Va h(A3) = 1; hodc g(A3,nscrp) = 1-ngcp,
va h(d3) =1;va

Ngi,%ﬁb 1a s6 luwgng ky tu trong khe, ns, ¢ 1a chi s0 clia khung con hogc
khe, I 1a chi s6 cia ky tu, ngcp 18 hé so xdo tron, va nglgl.nscm) 1a ky hiéu

nhén dang x40 trdn chudi.
Vién dan t6i khia canh thir nhit hodc phuong 4n kha thi thit nhét cta khia
canh thi nhét, trong phuong 4n khé thi thihai, A, 140, A, lal,va A3 la2.
Vién dfn t6i khia canh thit nhat, trong phuong 4n kha thi thi ba, hé s6 khoi
tao thda man:
e = (217 (N3 nlte 1+ 1) (2NESTSC) 4 1) 4 2NETPSCm)
g ngcip) + 27 [4/2]) mod23?
trong d6 N3O, 12 s6 lugng ky tu trong khe, ng ¢ 14 chi s6 clia khung
con hoac khe, 1 la chi s6 cua ky tu, ngcp 1a hé b x40 tron, va Nﬁg}"“SCID) la

ky hi¢u nhén dang xdo tron chudi;
A 12 tham s thr nhét, va 12 mot trong s6 0,1,va2;va

khi A =0, g(Anscp) = Nscips
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khi A =1, g} nscp) = 1-ngcp; hodc
khi A =2, g(Anscp) = nscip, hodc g(A, nscrp) = 1-nscp-

Vién din t6i khia canh th@ nhit hodc cac phuong 4n kha thi tha nhét dén
thit ba cta khia canh tht nhét, trong phuong 4n kha thi thtt tu, tham s6 thir nhét
12 s6 luong céng; hodc tham sd thu nhét 1a ky hiéu nhan dang nhom ghép kénh
phén chia theo ma CDM.

Vién din téi khia canh th@ nhit hodc cac phuong 4n kha thi thtr nhit dén
thit tu cta khia canh tht nhét, trong phuong an kha thi thir ndm, phuong phap nay
con bao gém thu b4o hiéu thir nhét, trong d6 bao hi¢u thir nhét duoc st dung dé
chi bao tham sb th& nhat.

Vién dan t6i khia canh tha nhat hodc cac phwong 4n kha thi thir nhat dén
thir nim cta khia canh thir nhét, trong phuong 4n kha thi thir sdu, phuong phap
nay con bao gom:

tao tin hiéu tham chiéu thi nhat dya trén chudi tht nht; va
gui tin hiéu tham chiéu th nht.

Vién dAn t6i khia canh thir nhét hodic cic phuong an kha thi thir nhit dén
thir nim cta khia canh thi nhét, trong phwong 4n kha thi tht bay, phuong phap
nay con bao gom:

thu tin hiéu tham chiéu th hai; va
xtt 1y tin hiéu tham chiéu tht hai dya trén chudi thi nhat.

Theo khia canh th\r hai, phuong an cua sang ché d& xuét thiét bi tao chudi,
bao gém: modun xac dinh, duoc tao cAu hinh dé thu nhan hé s6 khoi tao ctia chudi
tht nht, trong do hé sb khai tao dugc két hop v61 tham s6 thir nhat; va mddun
tao, duoc tao cAu hinh dé tao ra chudi thir nhét dua trén hé s6 khdi tao.

Vién dan toi khia canh thi hai, trong phuong an kha thi thi nhét, hé sd khoi
tao thda man:

2”
Cinit = (217f(/1) + 2N 4 g (2, nscm>) mod2*!
. _ (nSlot K g(Anscip)
trong d6 f(A ngcp) = (Nsymbnsif+1+1) 2Npp +1)+

3
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29h (),

£ ngerp) = (NI e +1+29h () + 1) (ZNI%?'“SCID) + 1) ,
hoac

£ nscp) = (NSISSune + 1+ 1) (2NEM"se) 4 29h (1) + 1);

d théa man: de{0,1,2, ...,13}; A 1a tham s th@t nhét, va A 1a mét trong
O Mg, Ay, VA Ag;

g(A1,ngcip) = ngcrp, V& h(d4) = 0;

g(Az,ngcrp) = 1-ngcip, V& h(Az) = 0;

g(A3,ns5cip) = Ngcrp, Va h(A3) = 1; hodc g(A3, nscp) = 1-ngcp,
va h(d3) =1;va

N:i,‘;rtlb la s0 lugng ky tu trong khe, ns ¢ la chi s0 cua khung con hodc

khe, [ 1 chi s6 ciia ky tu, ngcip 13 hé s6 xdo tron, va NEM"se®) 13 ky higu
nhén dang x40 tron chudi.
Vién din tdi khia canh thtr hai hodc phuong an kha thi thir nhét cua khia
canh thi hai, trong phuong an kha thi thirhai, A; 120, A, lal,va A3 1a2.
Vién dan t6i khia canh tht hai, trong phuong an kha thi thir ba, hé s6 khoi

tao thoa man;

A, A
Cinit = (217(N§§%bnsf +1+ 1) (ZN% nscip) 4 1) 4+ ZNIgé nscmp) 4

g\ nscip) + 247(2/2] ) mod2**
trong do N:;,‘;flb 13 s6 lwong ky tu trong khe, n: ¢ lachi s6 cia khung
con hodc khe, 1 1a chi s cua ky tu, ngcrp 1a hé $b x40 tron, va N%MSCID) 13

ky hi€u nhan dang x4o tron chubi;
A 12 tham sb tht nhat, va 1a mot trong $6 0,1,va2; va
khi A =0, g(A nscp) = nscip;
khi A =1, g(A ngcp) = 1-ngcpp; hodc

khi A =2, g(A ngcp) = nscrp, hodc g(A, ngep) = I-ngerp-
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Vién dan toi khia canh thtr hai ho#ic cic phuong 4n kha thi thi nhét dén the
ba cua khia canh thir hai, trong phuong an kha thi tht tu, tham s6 tha nhét 13 sb
lugng céng; hodc tham s6 tht nhét 13 ky hi€éu nhén dang nhém ghép kénh phan
chia theo ma CDM.

Vién din t6i khia canh tha hai hodc cac phuong an kha thi thir nhat dén thi
tu cia khia canh th{ hai, trong phuong an kha thi thir ndm, thiét bi nay con bao
gém:

médun nhan, duoc tao cAu hinh dé thu bao hiéu thir nhat, trong d6 béo

hiéu thtr nhat dugc st dung dé chi bao tham sb tht nhat.

Vién dan t6i khia canh thir hai ho#ic cic phuong an kha thi thir nhit dén thu
nim cua khia canh thir hai, trong phuong an kha thi thir sau, thiét bi nay con bao
gom: '

mobdun tao, con dugc tao cAu hinh dé tao ra tin hiéu tham chiéu thi

nhét dya trén chudi thi nhét; va
mddun g, duge tao cAu hinh @& gii tin hidu tham chiéu tht nhat.
Vién dén t&i khia canh tha hai hodc cac phuong an kha thi thi nhat dén thir
nim cla khia canh th{r hai, trong phuong an kha thi thir bay, thiét bi nay con bao
gom:
mo6dun nhén, duge tao ciu hinh dé thu tin hiéu tham chiéu th{ hai; va

modun x1r ly, dugc tao cAu hinh dé xu ly tin hi¢u tham chiéu tht hai

dya trén chudi tha nhét.

Theo khia canh thit ba, phuong 4n cua sang ché dé xuét hé théng truyén
thong, bao gdm phia truyén va phia thu. Phia truyén duogc tao cAu hinh dé thuc
hién phuong an kha thi th sau cua khia canh thu nhét, va phia thu dugc tao ciu
hinh dé thuc hién phuong 4n kha thi tht bay ciia khia canh thi nht.

Theo khia canh thir tw, sang ché con dé xuét bd xir Iy va bd nhé ma duge
két hop véi cac khia canh néu trén. B9 xtt 1y duoc tao cAu hinh dé thyuc hién cac
phuong phép theo khia canh thi nhét va cdc phuong 4n kha thi ctia khia canh thir

nhét. B4 nhé duoc tao cAu hinh dé luu trit cac chuong trinh tuong ung vdi khia
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canh thir nhit va cac phuong 4n kha thi ciia khia canh thir nhét.

Trong cac phuong &n cla sang ché, qua cach thirc thyc hién cua cic khia
canh néu trén, co thé 13 nhiéu hé sb khoi tao trong qué trinh tao chudi. Hon nira,
trong séng ché, hé sé khai tao dugc thibt ké, sao cho tham sé ctia hé sb khéi tao
duogc tao ra dugc két hop voi $6 luong céng hodc nhém CDM. Theo céch nay, co
thé tranh duoc trudng hop ma trong d6 cing mot chudi dugc str dung cho cac
nhém CDM khac nhau, va van dé 12 PAPR cua ky tu DMRS cao hon cua ky tu dit

liéu dugc giai quyét.
M0o ta van tat cac hinh vé

Dé mo ta cac giai phap k§y thuat trong cac phuong an cua sdng ché mot cach
rd rang hon, ph?m sau day mo ta vin tit cac hinh v& kém theo dugc sit dung khi

md ta cac phuong an.

FIG.1 12 so dd gian lugc cua hé théng truyén thong c6 thé ap dung cho
phuong an cua sang ché;

FIG.2 14 so db gian lugc khic cta hé théng truyén thong ap dung dugc cho
phuong an cua sang ché;

FIG.3 1a so dd gian lugc cla cdu truc phan clng cia thiét bi truyén thong
ap dung duogc cho phuong 4n cia sang ché;

FIG.4 1a so dd gian luoc cia phuong phap tao chudi theo phuong 4n cla
sang ché;

FIG.5 la so d6 céu tric gian lugc cla thiét bi tao chudi theo phuong 4n cua
sang ché; va

FIG.6 14 so d6 céu trac gian lugc clia thiét bi tao chudi theo phuong 4n cua
sang ché.
M t4 chi tiét sang ché

Céac thuat ngit dugc st dung trong phan thyc hién clia séng ché chi nham
muc dich giai thich cdc phwong an cu thé cta sang ché, nhung khong nhim muc

dich gi61 han sang ché. Phan sau day mo ta 1d rang cac giai phap k¥ thudt trong
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cac phuong 4n ctia sang ché c6 vién dan téi cac hinh vE kém theo trong cac phuong

an cua sang che.

FIG.1 14 so db ciu tric gian lugc cla hé théng truyén théng theo phwong
4n cta sang ché. Hé thong truyén thong bao gdm thiét bi phia truyén va thiét bi
phia thu. Vi du ma trong d6 thiét bj phia truyén 1a thiét bi mang truy nhap va thiét
bi phia thu la thiét bi nguoi dung (User Equipment, UE) dugc st dung cho phan
mo ta trong phuong an nay cua sang ché. Thiét bi ngudi ding va thiét bi mang
truy nhap truyén thong véi nhau bang cach sir dung k¥ thuat giao dién khong gian.
K§ thuat giao dién khong gian c6 thé bao gdm hé thong 2G hién thoi (vi du, hé
thdng toan ciu cho truyén thong di dong (HE thdng toan ciu dung cho truyén
thong di dong, GSM)), hé¢ théng 3G (vi dy, hé thdng vién thong di dong toan cau
(Universal Mobile Telecommunications System, UMTS), hé théng da truy nhip
phan chia theo md biang rong (Wideband Code Division Multiple Access,
WCDMA), va hé théng da truy nhap phan chia theo md dong b phén chia theo
thoi gian (Time Division-Synchronous Code Division Multiple Access, TD-
SCDMA)), va h¢ théng 4G (vi dy, FDD LTE hogc TDD LTE), va hé théng k§
thuat truy nhap v6 tuyén (New Radio Access Technology, New RAT), vi du, h¢
théng 4.5G hoic 5G.

Phuong phap dugc mo ta trong sang ché c6 thé dugc thuc hién boi thiét bi
nguoi dung hodc thiét bi mang truy nhap, hodc ¢6 thé duoc thuc hién béi chip,
mach, thiét bi luu trit, hodc chuong trinh may tinh. Trong sang ché, thiét bi nguoi
dung dugc mod ta 1a UE theo nghia chung. Ngoai ra, thiét bi nguoi dimg c6 thé
cling dugc goi la tram di dong, thiét bi dau cudi truy nhép, bd thué bao, tram thué
bao, tram tir xa, thiét bi dau cudi tir xa, thiét bi di dong, thiét bi dau cubi nguoi
diing, thit bi diu cudi, thiét bi truyén thong khong day, dai dién nguoi dung, thict
bi nguoi dung, hodc loai twong tu. Thiét bi nguoi dung c6 thé 1a dién thoai di dong,
dién thoai khong day, giao thirc khdi tao phién (Session Initiation Protocol, SIP),
tram vong lap cuc bo khong diy (Wireless Local Loop, WLL), hodc trg 1y k¥ thuét
s6 ¢4 nhan (Personal Digital Assistant, PDA), thiét bi cAm tay c6 chirc ning truyén
thong khong day, thiét bi may tinh, thiét bi xir Iy khac dugc két néi véi médem
khong day, thiét bi duoc gén trén phuong tién giao thong, thiét bi deo duoc, tram
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di dong trong mang 5G tuong lai, thiét bi dau cudi trong mang di dong mait dat
cbng cong dugc phat trién trong tuong lai (Public Land Mobile Network, PLMN),
hodc loai twong twr. Ngoai ra, trong cac phuong an cla sang ché, thiét bi ngudi
dung c6 thé con bao gdm thiét b chuyén tiép (Relay) va thiét bi khic ma c6 thé

fhyc hién truyén thong dit liéu véi thiét bi mang truy nhap (vi dy, tram gdc).

Thiét bi mang truy nhap dugc md ta trong sang ché c6 thé 1a thiét bi duoc
tao cAu hinh dé truyén thong véi thiét bi nguoi dung. Cu thé, trong hé théng truyén
thong khong ddy, thiét bj mang truy nhdp 12 thiét bi ma truyén thong v6i thiét bi
ngudi dung theo cach thirc khong day. Vi dy, thiét bi mang truy nhap c6 thé 1a
tram thu phét gbc (Base Transceiver Station, BTS) trong hé thdng GSM, ¢6 thé 1a
NB (NodeB) trong hé théng WCDMA, hodc c6 thé 1a Nt B cai tién (evolved
Node B, eNB) trong LTE, tram chuyén tiép, thiét bi gin trén phuong tién giao
thong, thiét bi deo duoc, thiét bi mang truy nhap trong mang 5G tuong lai, thiét
bi mang truy nhap trong mang PLMN cai tién trong twong lai, hodc loai tuong tu.

Céc giai phap k¥ thuat duoc d& xudt trong cac phuong 4n cua sang ché ¢6
thé duoc ap dung cho cac hé théng truyén thong khac nhau. FIG.2 12 so d6 gian

lugc clia mot hé thong truyén thong khac theo phuong an clia sing ché.

FIG.2 14 so dd gian lugc cua hé thdng truyén théng c6 thé ap dung cho
phuong an cua sang ché. Hé théng truyén thong c6 thé bao gdbm mdt hodc nhiéu
thiét bi mang 10 (chi mot thiét bi mang dugc thé hién) va mot hodc nhiéu thiét bi
mang 20 dugc két ndi véi mdi thiét bi mang 10. FIG.2 chi la so dd gian luoc, va
khong tao ra giéi han dén truong hop 4p dung cla cac giai phdp k¥ thut duge e
xuét trong sang ché. Thiét bi dé thuc hién cac cach thirc thuc hién cua sang ché
¢6 thé 13 thiét bi mang 10, hodc c6 thé 1a mot hodic nhidu thiét bi dau cudi 20. Thiét
bi mang 10 va mot hodc nhiéu thiét bi dau cudi 20 6 thé ap dung dugc cho trudng

hop duong 1én va truong hop dudong xudng.

Thiét bi mang 10 c6 thé 14 diém tiép nhan truyén (transmission reception
point, TRP), tram géc, tram chuyén tiép, diém truy nhép, hodc loai tuong tu. Thiét
bi mang 10 c6 thé 13 thiét bi mang trong hé thdng truyén thong 5G hoic thiét bi

mang trong mang phat trién twong lai; hodc co thé 12 thiét bi deo dugc, thiét bi
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gin trén phuong tién giao thong, hodc loai twong tw. Ngoai ra, thiét bi mang 10
c6 thé con 13 tram thu phat gbc (base transceiver station, BTS) trong Hé thdng
toan cAu ding cho truyén thong di dong (global system for mobile communication,
GSM) hoic mang da truy nhip phén chia theo mi (code division multiple access,
CDMA), c6 thé 1a NB (NodeB, Nut B) trong mang da truy nhép phén chia theo
ma bang rong (wideband code division multiple access, WCDMA), hodc c6 thé
14 eNB hoic eNodeB (evolutional NodeB, Nut B céi tién) trong phat trién dai han
(long term evolution, LTE). Thiét bi mang 10 c6 thé con 1a bd diéu khién v6 tuyén
trong truong hop mang truy nhép vo tuyén ddm may (cloud radio access network,
CRAN).

Thiét bi dau cudi 20 c6 thé 1a thiét bi ngudi dung (user equipment, UE),
thiét bi dau cudi truy nhap, don vi UE, tram UE, tram di dong, tram di dong, tram
tlr xa, thiét bi dAu cubi tir xa, thiét b di dong, thiét bi diu cudi UE, thiét bi truyén
thong khong day, dai 1y UE, thiét bi UE, hodc loai tuong tu. Thiét bj ddu cudi truy
nhép co thé 1a dién thoai di dong, dién thoai khong day, dién thoai giao thirc khai
tao phién (session initiation protocol, SIP), tram vong 1dp cuc bd khong day
(wireless local loop, WLL), tro ly k¥ thuét sb ca nhan (personal digital assistant,
PDA), thiét bi cam tay c6 chirc ning truyén thong khong day, thiét bi tinh toén,
mot thiét bi xit Iy khac duoc két ndi véi médem khong day, thiét bi gan trén
phuong tién giao thong, thiét bi deo duoc, thiét bi dau cudi trong mang 5@, thiét
bi dau cubi trong mang di dong mit d4t cong cong phat trién twong lai (public

land mobile network, PLMN), hodc loai twong tu.

MOt cach tity chon, mdi phﬁn tor mang (vi dy, thiét bi mang 10 va cac thiét
bi mang 20) trén FIG.2 c6 thé dugc thuc hién boi mot thiét bi, cé thé duoc thuc
hién két hop boi nhidu thiét bi, hodc ¢6 thé 14 médun chic nang trong thiét bi.
Piéu nay khong bi giéi han cu thé trong phwong 4n nay cla sang ché. C6 thé dugc
hiéu rang chirc ning néu trén co thé 12 chtrc ning cua thiét bi phan tir mang trong
thiét bi phan cing, c6 thé 1a chttc ning phin mém chay trén phan cimg danh riéng,
hodc c6 thé 1a cac chirc nang 4o héa dugc khoi tao trén nén tang (vi du, nén tang

dam may).
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Vi du, m3i thit bi phin tir mang trén FIG.2 c6 thé dugc thyc hién bang
céch st dung thiét bi truyén thong 200 trén FIG.3. FIG.3 1a so d gian lugc clia
cAu tric phan cimg cia thiét bi truyén thong 4p dung dugc cho phuong an cla
sang ché. Thiét bi truyén théng 200 bao gdm it nhat mot bo x Iy 201, duong day
truyén thong 202, bd nhé 203, va it nhit mdt giao dién truyén thong 204

Bo xur ly 201 c6 thé 1a bo xu 1y trung tAm dung chung (central processing
unit, CPU), bd vi xir 1y, mach tich hop ung dung cu thé (application-specific
integrated circuit, ASIC), hodc mot hodc nhiéu mach tich hgp dugc tao két cAu dé

diéu khién viéc thuc thi chuong trinh trong cac giai phap trong sang ché.

Puodng dy truyén thong 202 c6 thé bao gébm duong dan dé truyén thong

tin gitta cac thanh phan néu trén.

Giao dién truyén thong 204 c6 thé duoc thuc hién b%mg cach su dung thiét
bi bit ky nhu 13 b thu phat, va dwoc tao cAu hinh dé truyén thong v6i mot thiét
bi khac hodc mang truyén thong, nhu 1a Ethernet, RAN, hodc mang ving cuc bd

khong day (wireless local area networks, WLAN).

B nhé 203 co thé 12 bd nhd chi doc (read-only memory, ROM) hodc loai
khac cta thiét bi luu trit tinh ma c¢6 kha nang luu trir thong tin ¢ dinh va cac 1énh,
b6 nhd truy nhip ngau nhién (random access memory, RAM) hodc loai khac cua
thiét bi luu trit d6ng ma c6 kha nang luu trit thong tin va cac 1énh, hodc co thé 1a
bd nhG chi doc kha trinh ¢6 thé x6a dugc bang dién (Electrically Erasable
Programmable Read-chi Memory, EEPROM), bo nhé chi doc dang dia nén (CD-
ROM) hoic bd luu trit dang dia nén tr tinh khac, bd luu trix dang dia quang (bao
gdm dia nén, dia laze, dia quang, dia da ning s6, dia quang Blu-ray, va loai tuong
tw), phuong tién luu trit dang dia hodc thiét bi luu trit tr khac, hodc phuong tién
bét ky khac ma cé thé dugc st dung dé mang hodc luu trit ma chwong trinh mong
mubdn dudi dang 1énh hodc cdu trac dit liéu va c6 thé dugc truy nhép boi méy tinh.
Tuy nhién, bd nhé 203 khéng bi gi6i han ¢ d6. Bd nhd 6 thé ton tai ddc lap va
duoc két ndi voi bd xir 1y bang cach st dung duong day truyén thong 202. Ngoai
ra, bo nho cé thé dugc tich hop Véi bd xur ly. B6 nhé duoc dé xuit theo phuong

an nady cua sang ché c6 thé thuong 13 bat bién. B nhé 203 dugc tao cau hinh dé
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Juu trit chi 1énh thyc thi dugc bang may tinh dé thuc thi cac giai phap trong sang
ché, va bo xir 1y 201 didu khién viéc thyc thi nay. Bo xt Iy 201 dugc tao cu hinh
d thyo thi 1énh thyce thi dwoc bing may tinh dugc luu trit trong bd nhé 203, ¢

thyc hién phuong phéap dugc d& xuét trong phuong 4n dudi ddy cua sang ché.

Mot cach tuy chon, 1énh thuc thi dugc bang may tinh trong phuong an nay
ciia sang ché c6 thé ciing dugc goi la ma chwong trinh img dung. Diéu nay khong

bi gidi han cy thé trong phwong 4n ndy cla sang ché.

Trong khi cach thire thuc hién cu thé, trong phuong an, bd xtr Iy 201 ¢6 thé
bao gdm mot hodic nhiéu CPU, vi du, CPU 0 va CPU 1 trén FIG.3.

Trong cach thuc thuc hién cu thé, trong phuong én, thiét bi truyén thong
200 c6 thé bao gdm cac bo xir Iy, vi du, bd xir Iy 201 va bd xtr ly 207 trén FIG.3.
MBi mot bd xit 1y ¢6 thé 1a b xit 1y 18i don (CPU don), hodc c6 thé 1a bo xir Iy da
I18i (da CPU). B6 xir ly & day c6 thé vién din t6i mot hodc nhiéu thiét bi, mach,
va/hodc cac 161 xur ly duoc tao cAu hinh dé xur 1y dit liéu (vi du, 1énh chuong trinh

may tinh).

Trong cach thic thuc hién cu thé, trong phuong én, thiét bi truyén thong
200 6 thé con bao gdm thiét bi dAu ra 205 va thiét bi diu vao 206. Thiét bj dau
ra 205 truyén thong véi bd xtr ly 201, va co thé hién thi thong tin theo céc cach
thirc. Vi du, thiét bi dAu ra 205 ¢6 thé 12 hién thi tinh thé 16ng (liquid crystal display,
1.CD), thiét bi hién thi dit phat quang (light emitting diode, LED), thiét bi hién
thi éng tia 4m cuc (cathode ray tube, CRT), may chiéu (projector), hodc tuong tu.
Thiét bi ddu vao 206 truyén théng véi bd xir Iy 201, va co thé thu dau vao tir ngudi
dimg theo céc cach thirc. Vi du, thibt bi ddu vao 206 c6 thé 1a chudt, ban phim,

thiét bi man cham, thiét bi cam bién, hodc tuong tu.

Thidt bi truyén théng 200 ¢6 thé 13 thiét bi ding chung hodc thiét bi dwoc
danh riéng. Trong céach thirc thyc hién cu thé, thiét bi truyén thong 200 c6 thé 13
may tinh ban, mdy tinh x4ch tay, may chu mang, tro ly k¥ thuat s6 c4 nhan
(personal digital assistant, PDA), dién thoai di dong, mdy tinh bang, thiét bi dau
cubi khong day, thiét bi nhung, hodc thiét bi c6 ciu trac tuong tu trén FIG.2. Loai
clia thiét bi truyén thong 200 khong duoc gidi han trong phuong 4n nady cia sang
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ché.

Can luu v 13 giai phép k§y thuat bét ky duoc dé xuft trong cac phuong 4n
clia sang ché co thé duoc ap dung cho truong hop truyén duong xudng, hoic co
thé duoc ap dung cho trudng hop truyén duong 1én. Khi gidi phap dugc ap dung
cho trudng hop truyén dudng xubng, thiét bj phia truyén c6 thé 1a thiét bi mang,
v thiét bi phia thu c6 thé 1a thiét bi dau cudi. Khi giai phap duoc ap dung cho
truomg hop truyén dudng 1én, thiét bj phia truyén c6 thé 1a thiét bi dau cuoi, va
thiét bi phia thu c6 thé 14 thiét bi mang. Trong bt ky mot trong sd cac phuong 4n
sau day, sau khi thiét bi phia truyén (hodc thiét bi phia thu) dugc thay bang thiét
bi mang, thiét bi mang trong phuong 4n nay va thiét bi mang ma thiét bi phia
truyén (hoic thiét bi phia thu) ma dugc thay thé bang co thé thé hién cing mot
thiét bi mang. Sau khi thiét bi phia truyén (hoc thiét bi phia thu) dugc thay bang
thiét bj dAu cudi, thiét bi dAu cuéi trong phuong 4n nay va thiét bi dau cudi ma
thiét bi phia truyén (hodc thiét bi phia thu) dugc thay bang cé thé thé hién cing
mot thiét bi dAu cudi. Didu ndy duge mo ta théng nhat & day, va céc chi tiét khong

duoc mo ta lai dudi day.

"Pon vi tai nguyén" trong cic phuong an cla sang ché 1a don vi gbc d& lap
lich thiét bi d4u cudi. Pon vi tai nguyén bao gdm nhiéu séng mang con lién ké
trong mién tin s6 va mot khoang thoi gian (time interval, TI) trong mién thoi gian.
Trong cé4c qué trinh 14p lich khac nhau, cic kich c& cua cac don vi tai nguyén cé
thé 1a gibng nhau ho#c c6 thé khac nhau. TT c6 thé 1a khoang thoi gian truyén
(transmission time interval, TTI) trong h¢ théng LTE, c6 thé 1a TTI ngan mirc do
ky tu hodc TTI ngan trong hé thdng tan s6 cao véi séng mang con 16n , hodc ¢é
thé 14 khe (slot) ho#c khe siéu nhé (mini-slot) trong hé théng 5G. Diéu nay khong
bi giGi han trong cac phuong 4n cua sang ché. Mot cach tiry chon, mot don vi tai
nguyén co thé bao gém mot hodc nhiéu RB, mot hodc nhiéu cap RB (RB pair), va
twong tu. Ngoai ra, don vi tai nguyén co thé con 12 mot nira RB hodc loai twong
tu. Ngoai ra, don vi tai nguyén co thé 12 mét tai nguyén thoi gian-tin sb khéc.
Diéu nay khong bi giéi han trong cac phuong an cia sing ché. Can luu y 13, trir
phi c6 chi dinh khac, hodc khi khong c6 xung dot nao, cac vi du cu thé dudi day

déu duoc mo ta bang cach sit dung vi du ma trong d6 don vi tai nguyén 1a RB
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trong hé théng LTE.

"Tinh chu ky l4p lich" trong cdc phuwong 4n cla sang ché 1a khoang thoi
gian TL.

"Ky tu mién thoi gian" trong cac phwong 4n ciia sang ché co thé bao gom
nhung khong dugc gi6i han & bat ky mot trong sb sau: ky tw OFDM, tin hiéu da
song mang duoc loc toan ciu (universal filtered multi-carrier, UFMC), ky tu da
song mang khdi bo loc (filter-bank multi-carrier, FBMCO), ky tu ghép kénh phan
chia theo tan s6 dwoc tao ra (generalized frequency-division multiplexing,

GFDM), va tuong tu.

Thuat ngit "it nhat mot (loai)" trong cac phuong 4n ciia sang ché bao gdm
mot (loai) hodc nhiéu (loai). "Céc (loai)" 14 hai (loai) hozc nhiéu hon hai (loai).
Vi du, it nhat mot trong s6 cac A, B, va C bao gém cac truong hop sau: Chi cd A
tdn tai; chicd B;co cdAvaB;cocaAvaC;coécaBvaC;vacocaA, B, vaC.
Thuét ngit "va/hodc" trong cac phuwong 4n cla ing dung nay chi 14 méi quan hé
lién két dé mo ta cac d6i tuong duogc két hop va thé hién rang ba quan hé c6 thé
tdn tai. Vi dy, A va/hoic B c6 thé biéu dién ba trudng hop sau day: Chi A tdn tai,
ca AvaB cung tdn tai, va chi B tdn ta1. Ky tu thudt ngir "/" trong cac phuong 4n
ctia sang ché thuong chi bao quan hé "hoic" giita cac ddi twong duoc két hop.
Ngoai ra, trong cdng thuc, ky tu "/" chi bio quan hé phén chia giita cac d6i tuong
dugc két hop. Vi dy, A/B ¢6 thé chi bao ring A dugc chia béi B. cac thuét ngit
"thir nhat", "thir hai", va twong tu trong céc phuong 4n ciia sang ché nhim phan
biét gitra cac dbi twong khac nhau nhung khong chi bio thit tu ciia cac ddi twong
khéc nhau.

Phan sau day mé ta cac giai phép k¥ thuat dugc dé xuit trong céc phuong
an cta sang ché c6 vién dan téi c4c hinh v& kém theo.

FIG.4 1a so db gian lugc ciia phuong phép tao chudi theo phuong 4n cia
sang ché. Phuong phép nay bao gdm céc budc sau day.

S401: Thu nhén hé sb khai tao ctia chudi thtr nht, trong do6 hé sd khoi tao
dugc két hop véi tham s thi nhét.

13
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$402: Tao ra chudi thi nhit dya trén hé sb khéi tao.

Vién dan t6i phr?m mo ta néu trén, cac bude S401 va S402 co thé duoc thuc
hién béi thiét bi mang, hogic c6 thé dugc thyc hién boi thiét bi dau cudi. Trong hé
théng truyén thong, hai bude c¢6 thé con dugce thuc hién béi ca thiét bi mang va
thiét bi dau cudi. Trong truong hop truyén dit liéu dudng 1én va duong xudng, cac
bude néu trén ¢6 thé duge thuc hién nhidu 1an boi mot thiét bi mang hodc thiét bi
d4u cubdi. Vi dy, trong qué trinh truyén dudng 1én, phuong phép tao chudi duoc
thuc hién mot 1an cho chudi cta tin hiéu dudng 1én. Trudc hodc sau khi thuc hién,
phuong phéap dugc thyc hién lai mot 1in d& tao chudi cua tin hidu dudng xudng.
Trong phwong 4n, chudi thi nhét 13 chudi dé tao ra tin hiéu tham chiéu. Tin higu
tham chiéu c6 thé nhung khong dugc gidi han & tin hiéu tham chiéu giai didu ché
(demodulation reference signal, DMRS), hoac ¢6 thé 12 mot tin hiéu tham chiéu

khac dugc st dung cho viéc giai di€u ché.

Trong phuong an, hé s6 khoi tao dugc két hop v61 tham s6 th& nhat. Tham
s6 tht nhit cu thé ¢6 thé 12 tham sb hé théng, vi duy, sb luong céng hodc ky hiéu
nhan dang nhém ghép kénh phén chia theo ma (code division multiplexing, CDM).
Cdng & day thuong 1a cong anten, hodc c6 thé 1a cdng theo mot dang khac, vi dy,
céng vat ly cua anten. Mot cach tuy chon, tham s6 thir nhat c6 thé con 13 mot tham
sb khac, vi dy, tham sb6 nhu 12 ky hiéu nhdn dang bang anten hodc mot ky hi¢u
nhan dang khac.

Trong phuong an, phuong phap co thé con bao gdm: S401A: Xé4c dinh tham
s6 thir nht, va thu nhan hé sb khai tao ctia chudi thir nhit dua trén tham s6 thi
nhat. Vi du, khi cdng anten 1 tham sé thi nhét, S401A 1a nhu sau: Xéc dinh cong
anten, va thu nhan hé s6 khdi tao cua chudi thu nhét dya trén céng anten. Ngoai
ra, khi ky hiéu nhan dang nhém CDM la tham s6 thir nhét, S401A 1a nhu sau: Xac
dinh ky hiéu nhin dang nhém CDM, va thu nhén hé s6 khoi tao ctia chudi thir
nhét dwa trén ky hiéu nhén dang nhém CDM. S& dugc hiéu rang ky hiéu nhén
dang nhém CDM co6 thé con 1a thong tin khac vé nhém CDM. Vi dy, mot tham $6
khac ma ¢6 thé duge st dung dé xé4c dinh thong tin nhém cua nhém CDM duoc
thu nhan. Tham s6 c6 thé dugc st dung dé x4c dinh thong tin nhém hogc ky hiéu
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nhan dang nhom ma 14 ciia nhém CDM theo céch thic 4n hodc rd rang, hodc dua
trén sy tuong tng dinh sin. Tham s8 12 tham s tht nhat.

Phan dudi day dua ra cac vi du cu thé cho phan mo ta theo phuong phap
néu trén.

Vi du 1: Tham sd thr nhét 12 ky hiéu nhan dang nhém CDM.

Ddi véi ky hiéu nhan dang nhém CDM ctuia nhém CDM ma tin hiéu tham
chiu trong tmg véi chudi thir nhét thude vé dugc thu nhan, chudi thir nhat c6 thé
duoc su dung dé tao ra tin hiéu tham chiéu dé giai diéu ché dit liéu tuong tmg véi
nhém CDM. Do d6, mot cach twong Umg, qué trinh thu nhén hé sb6 khai tao cia
chudi thir nhét cling dugc xac dinh bai ky hiéu nhan dang nhém CDM. Vi duy, ky
hiéu nhin dang nhém CDM c6 thé 14 0, 1, hodc 2. Trong trudng hop nay, cach
thirc tao ra hé sb khdi tao c6 thé ¢6 cac chtc ning khac nhau dya trén ky hiéu

nhin dang nhém CDM. Vi dy, hé s6 khoi tao thoa méan:

A,
Cinit = (217 FQA) + 2NIAseD) g (3, nSC,D)) mod23?

trong 46 fQngep) = (NESG,n!+ 1+ 1) (2NE"se + 1) +
290 (),

fOynscip) = (NESE,nkc+ 14 29h(Q) + 1) (2N§Mse) 1)
hoac

f nserp) = (N80t + 1+ 1) (2NE™59) + 20h () + 1));

d théa man: de{0,1,2, ...,13}; A 12 tham s6 thé nhat, va A 12 ky hi¢u
nhan dang nhém CDM va ¢ thé cu thé 12 mot trong $60,1,va2;va

khi A =0, g(Anscp) = Nscip;

khi A=1, g(Angep) = 1-ngcp; hodc

khi A =2, g(Anscp) = nscrps> hodc g(A, ngeip) = 1-ngcp-

Céin hiéu ring d6i v6i A khac nhau, ba nhanh ma céc hé so khdi tao thoa
min ¢6 thé dugc xac dinh trudc & phia thu va phia truyén bang cach st dung quan

hé twong mg hoac theo dang Bang.
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Trong vi dy, h(A) co thé 1a |A/2], ma thé hién lam tron xudng /2.

NSI9t 13 s6 luong k¥ tu trong khe, n' . 1a chi s6 ctia khung con hoic khe,
symb g s,f g
| 1a chi s6 ciia ky tu, ngerp 12 hé sb xdo tron, va NEMscip) 13 ky higu nhén

dang x4o trén chuoi.

Trong vi du, néu d = 0, hé s6 khéi tao néu trén thoa mén:

Cinge = (227 (N30t + 1+ 1) (2NEM5) 4 1) 4+ 2NFTS)

sym

g\ ngcp) + 217l7\/2J) mod231; va
cu thé hon, khi A = 0, hé s6 khéi tao néu trén thoa man:

Cinie = (217 (NSOt nk, + 14+ 1) (2N[59 + 1) + 2N + nserp +
2Y7|2/2])mod23?;

cu thé hon, khi A = 1, hé s6 khéi tao néu trén théa man:

e = (277 (NSt +14 1) (NS5 4+ 1) + 2N +

1-ngcrp + 2%7|2/2])mod23?; hogc
cu thé hon, khi A = 2, hé s6 khoi tao néu trén thoa man:
A A,
e = (217 (NSl + 14+ 1) (2NES"50 + 1) + 2NE; o)
g\ nscip) + 217[4/2]) mod2°%, hoge

1- 1-
Cinit = (217(N:§,(§1bns’f +14 1) (ZNIDnSCID + 1) + ZNIDHSCID +

1-nSCID + 217 l}\/ZJ)mOd231

N gly‘;;b 1a s6 lwong ky tu trong khe, vi dy, nhung khong dugc 2161 han ¢, 30
luong ky tu trong khe ma mang tin hi¢u tham chiéu. Vi dy, trong tiéu chuén LTE,
N c6 thé bing 6 hodc 7, hodc c6 thé 12 10. Trong NR, Ngyot, cb the 1a bién
thién, hoac co thé 1a gia tri cd dinh. nif 12 chi s6 ctia khung con hoic khe, vi du,
nhung khong dugc gidi han &, chi s6 ctia khung con ma mang tin hiéu tham chiéu.
Ngoai ra, ng’ F 1a chi sb cua khe, vi du, nhung khong dugc gidi han &, chi s6 cua

khe ma mang tin hiéu tham chiéu. 1 1a chi s cta ky tw, vi du, nhung khong
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duoc gidi han &, chi s6 cua ky ty ma mang tin hiéu tham chiéu. Vi du, trong tiéu
chuén LTE, 1 c¢6 thé b%mg 0 dén 5 hoac 0 dén 6; trong NR, khoang gia tri cua [
c6 thé 13 0 dén 13. ngeyp 12 hé s xdo tron. Vi dy, gid tri cia ngeyp ¢6 thé1a 0
hodc 1. N[gg"nscm) 1a ky hiéu nh4n dang x4o tron chudi. Khe ¢ déy co thé con 1a
don vi thoi gian. Trong phuong an mé rong, khe c6 thé con dugc thay bang sd
luong cac khe trong khung con.

Trong phuong 4n, khi A = 2, bidu thirc ma hé s khoi tao théa man c6 thé
la A=0 hoac A=1.

"Vidu2:Thmnséth&nhﬁﬂakylﬁélnhéndangcéngnéi

Gia tri tham sb tha nhét cé thé dugc x4c dinh dya trén cac ky hiéu nhén
dang cbng nbi khac nhau. Vi dy, vi c6 quan hé twong tmg (Béng 1) sau giita ky
hiéu nhan dang céng ndi va ky hidu nhan dang nhém CDM, h¢ s6 khéi tao c6 thé

con truc tiép dugc xac dinh dua trén gia tri p sau day:

Bing 1
4 Nhém CDM 4
1000 0
1001 0
1002 1
1003 1
1004 2
1005 2
1006 0
1007 0
1008 1
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p v Nhom CDM 4
1009 1
1010 2
1011 2

Vi du, khi p 12 1000 va 1001, truc tiép dugc xac dinh 1a hé s khéi tao 1a

cong thirc sau day hodc thoa méan cong thirc sau day:

Cinit = (217(1\]:;(;; IlS’f +1+1) (ZNIglg}"nSCID) + 1) + ZNIglg%nscm) n
g\, ngcrp) + 217l7\/2J) mod23?t.
Khi p 1a 1002 va 1003, truc tiép dugc xac dinh 1a h¢ s khoi tao 1a cong

thirc sau diy hodc théa man cong thirc sau day:

cinte = (217 (Ngpnlp + 1+ 1) (2N + 1) + 2Np"*c +

1-ngcrp + 2'7|A/2])mod23*
trong do6 cac gia tri p khac co thé twong tmg véi cac gia tri cia nhom
CDM, va chi tiét khong dwoc md ta lai & day.
Vi du 3: Tham sd tht nhét 13 mot ky hiéu nhan dang khac.

Vi dy, nhém CDM c¢6 thé thuong duge xé4c dinh theo cach thirc thong bao
4n thong qua bao hiéu. Vi du, quan hé¢ anh xa dugc xéac dinh, trong do6 trang thai
duoc chi bao bai bao hiéu tuong ing véi gia tri cdng ndi, va ky hiéu nhén dang
nhém CDM con duge xac dinh dya trén Bang 1. Trong qua trinh xéac dinh hé )
khéi tao, hé sd khoi tao co thé duoc xac dinh va duoce truc tiép tao ra dua trén bao
hiéu, ca bd gt va bd thu ctia bao hiu co thé xac dinh hé s6 khéi tao theo cach

thire thuc hién.

Ba vi du néu trén md ta cic vi du vé tham so thtr nhat. Can hiéu rang tham

s6 thi nhét trong sang ché dugc gidi han ¢ cac ky hiéu nhan dang trén.

Trong phuong 4n, hé sb khéi tao thda man:
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A,
Cinit = (217 FQ) + 2537 se) 4 g(4, nSC,D)) mod23!

trong 6 f(ngep) = (NIS,nke+1+ 1) (2NES) 4 1) +
29h (),

f, ngerp) = (NSO% k', +14 29D Q) + 1) (2N§,§"'“SCID) + 1) ,
hoac

fOL — Nslot H | 1 ZNgOLrnSCID) Zdh A 1):

( lnSCID) ( symbns,f-l— + ) ID + ( )+ >

d théa man: de{0,1,2, ...,13}; A 1a tham s6 thir nhat, va A 1a mot trong
s& g, Ay, VA Ag;

g(A1, ngcp) = Nscps V@ h(Ay) = 0;

gz, nscp) = 1-ngcip, va h(d;) = 0;

g(A3,nscip) = Nscips va h(A3) = 1; hodc g(A3,nscip) = 1-ngcps
va h(A3) =1;va

Ni;,‘;flb 1asb luong ky tu trong khe, nsf 12 chi s6 cta khung con hodc

khe, [ 1a chi sé cla ky tw, ngcp 12 hé sb xdo tron, va NEMse®) 13 ky hiéu
nhéan dang x40 tron chubi.
Trong phuwong 4n, A; 120, A, 1al,va A5 la2.
Trong phuong 4n, hé s6 khoi tao thoa mén:
Cinie = (217 (NSlot . +1+ 1) (ZN gllnscn) 1 1) + 2NBOnsen)
g(A nscrp) + 217l7\/2J) mod2*!
trong do Ng‘%,%tlb 1a 6 lwong ky tu trong khe, nif 14 chi s6 ctia khung
con hodc khe, 1 1a chi sb ciia ky tu, nggp 1a hé $b x40 tron, va nglgl.nscm) 1a

ky hi€u nhén dang x4o tron chudi;
A 14 tham sb thir nhat, va 13 mot trong s6 0, 1, va 2; va
khi A =0, g(A nscp) = Nscip;
khi A =1, g(Angcp) = 1-ngcrp; hodc

khi A =2, g(Anscp) = ngcp, hodc g(A, ngcip) = 1-ngcip-
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Trong phuong an, tham s6 tht nhét 13 s6 luong céng; hodc tham sb thtr nhat
13 ky hiéu nhan dang nhom ghép kénh phan chia theo ma CDM.

CAn hiéu réng, chi dé thuén tién cho viéc md ta, cac gia tri tham s6 duoc
thém vao trong cac phuong trinh va biéu thiic néu trén, va co thé ciing khac nhau
theo bidu thuc. Vi du, g(A, ngepp) c6 thé duoc ghi true tiép 1a g(ngeip) hodc
g. Céc tham s6 khéc twong ty nhu g(A, ngcip)-

Trong phuong an, cac budc néu trén con bao gdm S403: Thu béo hiéu thir
nhét, trong d6 bao hiéu thir nhat duoc str dung dé chi bao tham sd thir nhat. Trong
mot phuong 4n khéac, cac budc néu trén con bao gdm S403A (khong dugce thé
hién): giti béo hiéu thir nhét, trong d6 bao hidu thi nhat dwoc st dung dé chi béo

tham sb thir nhét.

Trong phuong an, phuong phap con bao gdm: S404: Tao ra tin hiéu tham

chiéu thit nhat dua trén chudi thir nht; va S405: G tin higu tham chiéu thir nhét.
Vi dy, tin hi€u tham chidu c6 thé dugc tao trong cach thirc sau day:

thu nhén chudi tin hidu tham chiéu, trong d6 chudi tin hiéu tham chiéu

c6 thé dugc tao ra theo cong thirc sau:
r(n)=71_E(1—2-c(2n))+j%(1—2-0(2n+1))

Trong trudong hop nay, chudi tin hiéu tham chiéu c6 thé con duge thu nhan
b%mg cach sir dung bang tim kiém duoc thu nhan dya trén cong thuc néu trén,
trong do

c(n) =(x(n+N;)+x,(n+N,))mod?2
x,(n+31) =(x1(n+3)+x1(n))m0d2
x,(n+31) =(x2(n+3)+x2(n+2)+x2(n+1)+x2(n))mod2

c(m) 14 chudi Vang nhi phan, va d dai ciia n6 cé thé 13, vi du, nhung khong

dugc gidi han 6, Mex, trong d6 7=0L...Mpy—1, Nc =1600,
Hé 6 khoi tao clia x( 1a: x(©) =Lx(m=0r=12..30,
H¢ s6 khéi tao ciia x(n) thoa man: cpyy = fooxz(i)-Z" .
Cinit & ddy c6 thé theo cac dang khac nhau ma théa man cac phuong 4n néu
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trén, hodc cé thé truc tiép duoc tao ra theo cac cong thirec hodc cac bién thé tuong
duong cla cac cong thic trong cac phuong 4n néu trén. Theo qua trinh thuc hién
cu thé, tin hiéu tham chiéu 14 DMRS hogc CSI-RS.

CAn hiéu ring, sau khi chudi tin hiéu tham chiéu néu trén duoc tao ra, néu
qué trinh 1 qué trinh giri tin hidu tham chiéu, chudi tin hi¢u tham chiéu c6 thé con
duoc 4nh xa cho cac séng mang con. Trong phwong 4n, cac séng mang con néu
trén dugc cach déu nhau hoic 1a céc séng mang con lién k&. Mot cach twong Ung,
néu qué trinh 13 qud trinh thu, qua trinh nay c6 thé 12 qu4 trinh gidi didu ché ma 13
sau khi tin hiéu tham chiéu dugc thu, va qué trinh néu trén co6 thé con bao gém
viéc uodc lugng kénh (tire 13, bude xtr Iy néu trén ¢d thé 1a budc udc lugng kénh).

Céc chi tiét khong duge md ta lai & day.

Viéc thu nhan chudi tin hiéu tham chidu c6 thé theo cac cach thirc khac
nhau, vi du, nhung khong dugc giéi han ¢, thu nhan chudi tin hiéu tham chiéu qua
viéc tinh toan theo cong thuc dinh san, hoic thu nhan chudi tin hi¢u tham chiéu
qua viéc tra ciu Bang. Cu thé hon, cong thic dinh san, vi du, nhung khong dugc
giéi han &, cong thuc tao chudi tin hiéu tham chiéu. Cong thirc ndy 1a cong thirc
lién quan dén hé s khai tao. Vi dy, tham sb trong cong thirc dinh sén bao gém hé
s6 khoi tao. Tuy nhién, su lién hé khong dwoc gidi han & d6. Theo qué trinh thyc
hién cu thé, d6i v4i cong thirc dinh s&n néu trén, vién dan t6i, vi du, nhung khong
dugc gidi han ¢, cong thirc tao chudi tin hiéu tham chiéu duoc dé cap dén trong
tiéu chudn LTE d3 biét hodc tiéu chudn 5G. Ngoai ra, nhu dugc md ta trong ban
mo ta nay, "o _m thé hién chi s6 ctia nhom ghép kénh phéin chia theo ma ma
céng anten twong Gng vai tin hiéu tham chiéu thudc vé, gia tri d¢ léch twong Ung
v61 nhom ghép kénh phéan chia theo ma, hé s6 x40 tron twong g voi nhom ghép
kénh phén chia theo ma, hodc thong tin khac ma co6 thd duoc st dung dé nhan

dang nhom ghép kénh phén chia theo ma.

Cén hidu ring cc budc trong mdi phuong an cua sang che c6 thé dugce
dung riéng 1am phwong 4n. Trong mdt phuong dn khac, moi quan hé lién két gitra

tham sb thir nhat va hé sb khoi tao c6 thé dugc luu trit.

Theo céach thirc thuc hién cua phuong phap néu trén, ¢ thé c6 nhiéu hé sb

21



44874 22/31

khoi tao trong qua trinh tao chudi. Hon nita, trong sang ché, hé s6 khoi tao dugc
thiét ké, sao cho tham s6 ctia hé sb khoi tao dugc tao ra dugc két hop véi sb luong
cdng hodc nhém CDM. Theo cach nay, co thé tranh duoc trudng hop ma trong d6
cung mot chudi duge st dung cho cac nhém CDM khdac nhau, va vAn dé 1a PAPR
cta ky tu DMRS cao hon cta ky tu dir liéu duogc gidi quyét. Trong phuong 4n cla
sang ché:
® Hé sb khoi tao dudi ddy duoc st dung cho chudi DMRS loai 2:
Conie = (27 (NSlgtynlly + 1 1) (2@ 1) + 2N ®
+ngep (1) + 27 floor(—z—)) mod23!
: y)
O kh.l A = 0, nSCID (A) + 217fl007"('£) == nSCID ,
. A o
O khi 2 =1, nggp() + 2" floor(3) = 1-ngcpp; hode
O khi A=2 ) + 2V floor(®) = 217
i A=2, nggp(A) + 27" floor(}) = nscp + 277
FIG.5 12 so d0 cAu trac gian luge cua thiét bi tao chudi theo phuong an cta
sang ché, trong do thiét bi tao chudi bao gém:
moédun x4c dinh 501, duogc tao cAu hinh dé thu nhan hé $6 khoi tao cua
chudi thit nhét, trong d6 hé sé khéi tao dugc két hop véi tham sb thir nhat; va
modun tao 502, dugc tao cAu hinh dé tao ra chudi thir nhét dua trén hé
s6 khdi tao.
Dé thu nhén, boi médun xac dinh 501, hé sb khoi tao clia chudi thi nhat;
va tao ra, boi médun tao 502, chudi thit nhit dya trén hé s6 khoi tao, vién dan téi
cac budc trong phuong an dugc thé hién trén FIG.4. Vi du, mddun xac dinh c6

thé thyc hién budc S401, hodc ¢6 thé thuc hién budc 401A va cac bude khac nhu

12 tao ra tin hi¢u tham chiéu, va chi tiét khong duoc md ta lai & day.

Thiét bi c6 thé con bao gé)m modun nhén 503, duoc tao cAu hinh dé thu bao
hidu thir nhat, trong d6 bao hiu thir nhit dugc st dung d& chi bao tham s6 thu
nhét. Modun c6 thé thuc hién bude S403, va chi tiét khong duge mo ta lai & day.

Modun thu con duoc tao cau hinh dé thu tin hiéu tham chiéu tht hai.

Thiét bi c6 thé con bao gdm: modun giri 504, duoc tao céu hinh dé gui tin
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hiéu tham chiéu thir nhAt. Thiét bi c6 thé con bao gém modun xu ly 505, duoc tao

cAu hinh d& xir 1y tin hiéu tham chiéu thtr hai dwa trén chudi thir nhat.

Mot s6 hodc toan bd cidc mddun néu trén co thé 14 moédun gidng nhau. Vi
du, mddun tao, médun xac dinh, va moédun xtr ly co thé 12 modun xt 1y tron ven.
Phuong 4n nay cua sang ché cling bao hd sy tich hgp ciia cdc médun va phan chia
thanh nhiéu m6dun dé thyc hién chirc ning ciia moédun. Déi véi cac chie ning
trong phuong an nay, vién dan t6i cac thiét k& c6 thé khic nhau trong cac khia

canh néu trén.

Vén dén t6i vi du trén FIG.2, cac thiét bi néu trén co thé dudi dang duogc
thé hién trén FIG.6.

B4 xt 1y 601 duoc tao cAu hinh dé thu nhan hé sb khéi tao cta chudi thit
nhét, trong d6 hé s6 khoi tao duogc két hop véi tham s6 thi nht.

B xtt Iy 601 duoc tao cAu hinh dé tao ra chudi thir nhit da trén hé s0 khoi
tao. BO xtt 1y ¢6 thé con thuc hién cac chirc nang ciia moédun xu ly va modun xac

dinh néu trén.

Mbdun thu c6 thé 13 bo thu 602, va bd giii c6 thé 1a b truyén 603. Trong
phuong an, bd truyén va bd thu co thé 1a anten, tap cac thiét bi mach, hodc céc

chét thu phat cia chip.

Séang ché con dé xuét hé théng truyén thong, bao gbm céc thiét bi thu phat
néu trén, dé hoan thanh viéc truyén duong 1én va dudng xubng cla tin hi¢u. Vi
du, sau khi tao chudi thir nhét, phia truyén tao ra tin hiéu tham chiéu thi nhét dya
trén chudi thir nhét va giri tin hidu tham chiéu thi nhét; va, phia thu thu tin higu

tham chiéu thit hai va xi 1y tin hi¢u tham chiéu thtr hai dya trén chudi thir nhat.

Sang ché con dé xudt chip. Chip néu trén c6 thé 12 bo xt Iy, hodic c6 thé bao

gom bd thu va b truyén néu trén.

Séng ché con dé xut chuong trinh may tinh, dé thuc hién cac phuong phap

theo cac phuong an néu trén.

Pé thuan tién hon cho cich thuc hién t5t hon ctia cac phuong 4n clia sang

ché, phuong 4n ciia sang ché con dé xuét phuong tién luu trt doc duge boi may
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tinh. Phuong tién luu trit doc dugce boi may tinh luu trit mot hodc nhiéu chuong
trinh may tinh. Phuong tién luu trit doc duoc boi may tinh co thé 1a dia tv, dia
quang, RAM, hodc loai twong tu. Mot hodc nhiéu chuong trinh may tinh duge
chay trén mot hodc nhiéu bd xir 1y trong thiét bi phia truyén. Khi cac chuong trinh
mdy tinh dugc chay, qué trinh tuong Ung véi thiét bi phia truyén trong phwong 4n
ctua phuong phap dugc thé hién trén FIG.4 c6 thé duoc thuc hién. Mot hoic nhiéu
chuong trinh may tinh dugc chay trén mot hoac nhiéu b xit 1y trong thiét bi phia
thu. Khi cac chwong trinh méy tinh dugc chay, qua trinh twong ing voi thiét bi
phia thu trong phuong an cta phuong phap dugc thé hién trén FIG.4 c6 thé dugc

thuc hién.

Mic du sang ché dugc md ta & day co vién dan t6i cac phuong an, pham vi
clia yéu ciu bao hd cua sang ché khong duoc gi6i han & d6. Trong qué trinh thuc
hién sang ché ma yéu cAu bao ho, ngudi ¢ hiéu bit trung binh trong linh vuc k§
thuat c6 thé hiéu va thuc hién tit ca hodc mot phan quy trinh trong cic phuong an
néu trén bﬁng cach xem céc hinh v& kém theo, ndi dung dugc bdc 19, va bd yéu
ciu bao ho kém theo. Céc thay ddi tuong dwong dugce thyc hién theo yéu cau bao
ho cua sang ché van nam trong pham vi cia sang ché. Trong yéu ciu bao ho, thuat
ngit "bao gdm" khong loai trir thanh phan khéac hodc buéc khac, va "mot" khong
loai trir truong hop “cac”. B didu khién don hodc b phan khac ¢6 thé thyc hién
mot vai chirc nang dugc liét ké trong yéu cAu bao ho. Mot vai stra ddi tir ngir dugc
ghi trong yéu cau bao hd phu thudc ma khac nhau, nhung diéu nay khong phai 12
cac stra ddi tir ngit nay khong thé duoc két hop dé dua ra hi¢u qua t6t hon. Chuong
trinh mdy tinh c6 thé dwoc huu trit/phan bd trong phuong tién thich hop, vi dy,
phuong tién luu trr quang hoc hodc phuong tién ¢ trang thai rén va dugc dé xuét
clng v6i phan cimg khac hodc duge s dung 1am thanh phén cta phan cting, hodc
¢6 thé dugc phan bd theo cach thirc khac, nhu 1a bang céach st dung mang Internet

(Internet) hodc hé théng c6 diy hozc khong day khac.
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g(A, ngcrp) 12 ham ma théa man:
g(A, ngcip) = Ngcp» kKhi A = 0 hodc 2; hodc
g(Angcp) = 1-ngep, khi A =1
tao ra chudi dua trén hé s6 khéi tao;
tao ra tin hidu tham chiéu tht nhét dya trén chudi; va
]am cho b truyén giri tin hiéu tham chiéu th nhét.

5. Thiét bi theo diém 4, trong d6 tham s6 1286 céng hodc ky hiéu nhan dang nhom

ghép kénh phéan chia theo ma (CDM - code division multiplexing).
6. Thiét bi theo diém 4, trong do thiét bi nay con bao gém:
b6 thu, c6 cAu tric d& thu bao hiéu thir nhit ma chi béo tham so.

7. Hé thdng truyén thong, bao gdm thiét bi phia truyén va thiét bi phia thu, trong

d6 thiét bi phia truyén c6 cAu tric dé thyc hién cac hoat dong bao gom:

x4c dinh hé s6 khoi tao, cipj, clia chuoi, trong d6 hé s6 khéi tao thoa man:

. A, A,
Cinit = (217(N:§3§1bn:’f +1+ 1) (ZNIg]g nscip) 4 1) 1+ ZNIglg nscip)

g\ nscip) + 24712/2]) mod2*

trong do N:;,‘;Itlb 13 s lugng ky tu trong khe, ns’f 1a chi s0 ctia khung con
hodc khe, 1 1 chi sé ciiaky tr, ngerp 12 hé sb xdo tron, NEMsci) 13 ky higu
nhin dang x40 tron chudi, A 13 tham s0 c6 gia tri 1a mot trong sb 0,1, hoic 2, va

g(A\, ngcp) 13 ham ma thoa mén:
g(A, nscip) = Mg, khi A = 0 hodc 2; hodc
g\, ngerp) = 1-ngcp, khi A= 1;
tao ra chudi dya trén hé s6 khoi tao;
tao ra tin hi€u tham chiéu tht nhat dya trén chudi; va
gri tin hiéu tham chiéu tha nhat.
8. Thiét bi xtt 1y tin hiéu, bao gom:
it nhat mot bo xi 1y va bd nhé duge ghép néi t6i it nhat mot b xir Iy va luu
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trit céc 1énh chuong trinh dé thuc thi boi it nhat mot bd xir 1y dé thue hién cac

hoat dong bao gom:
x4c dinh hé sb khoi tao, ¢y, cua chudi, trong d6 hé so khoi tao théa man:

symbns,f

Clnlt e (217(N510t 48 + 1 + 1) (ZNIgD(}\,nSCID) + 1) + ZNIglg}\.,nSCID) +
g\ ngcp) + 2179\/2]) mod23? ,

Nslot

trong 46 Ngymp 18 s6 luong ky tu trong khe, ns‘if 1a chi so cua khung con

hoiic khe, 1 1a chisb cliaky t, ngcrp 13 hé s6 xdo tron, NE"se®) 1a ky higu
nhén dang x40 tron chudi, A 1a tham so c6 gia tri 1a mdt trong s6 0, 1, hodc 2, va

g(A, nggrp) 1a ham ma théa mén:
g(A, nscrp) = Ngcip» Khi A = 0 hodc 2; hodc
g\, ngcrp) = 1-ngep, khi A =1;
tao ra chudi dua trén hé s6 khoi tao;
tao ra tin hiéu tham chibu thir nhat dya trén chudi; va
glri tin hiéu tham chiéu tha nhét.
9. Thiét bi theo diém 8, trong d6 tham s6 14 s6 cong hodc ky hiéu nhan dang nhom
ghép kénh phan chia theo ma (CDM - code division multiplexing).
10. Thiét bi theo diém 8, trong d6 cac hoat dong con bao gém:
thu béo hiéu thir nhit ma chi bao tham sb.

11. Phuong tién luu tri bt bién doc dugc boi may tinh, luu trir chuong trinh may
tinh duoc thue thi boi it nhit mét bd xir 1y dé thuc hién cac hoat dong bao gdm:

xac dinh hé s6 khéi tao, cjn, cta chudi, trong d6 hé s6 khoi tao thoa man:

symbns,f

Cinie = (217 (NGl + 1+ 1) (2NEMS9) 4+ 1) + 2NFFH"0) +
g\ ngcp) + 217l7x/2J) mod23?! |

trong d6 NSt 13 sb luong ky tu trong khe, n". 1a chi s cta khung con
g symb g Ky g s,f g

hoic khe, 1 1a chi s ciia ky tw, ngerp 12 hé s6 xdo tron, NEMsciD) 13 ky higu

nhéin dang x40 tron chudi, A 13 tham s6 ¢6 gia tri 12 mot trong s6 0,1, hoic 2, va
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g(A, ngcrp) 1a ham ma thoa man:
g(A, nscip) = ngcp, khi A = 0 hodc 2; hodc
g8(A, nscip) = 1-ngep, khi A =1;
tao ra chudi dua trén hé sd khai tao;
tao ra tin hiéu tham chiéu thi nhét dya trén chudi; va
gui tin hiéu tham chiéu thi nhét.
12. Phuong tién luu trit bat bién doc dwgce bai may tinh theo diém 11, trong dé
tham s 12 s6 cdng hodc ky hiéu nhan dang nhém ghép kénh phan chia theo ma
(CDM - code division multiplexing).
13. Phuong tién luu trit bat bién doc dwoc bdi may tinh theo diém 11, trong d6
c4c hoat dong con bao gdém:

thu bao hiéu thtt nhat ma chi b4o tham s.
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S403: Thu bao hiéu thir nhat, trong d6 bao higu thir nhat
dwoc str dung dé& chi bao tham sb thir nhat

S401: Thu nhan hé sé khdi tao ctia chudi thir nhét

S402: Tao chudi thir nhat dwa trén hé sé khéi tao

S404: Tao tin higu tham chiéu thir nhét dra trén chudi the
nhat

S405: Gii tin hiéu tham chiéu th(r nhat
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Médun xac dinh 501
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Modun thu 503

Modun glri 504

Madun x& 1y 505

FIG. 5

B6 thu 602
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Bo truyén 603

FIG. 6
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