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MO PAU

Truyén thong goi tin ngan (Short-Packet Communication: SPC) Ia cong nghé
then chdt dé hd tro hai kich ban tng dung méi néi trong 5G va 6G, truyén thdng trén
quy mé Ion (massive Machine Type Communication: mMTC) va truyén thong do tré
thip cuc ky dang tin cdy (ultra-Reliable Low Latency Communication: uRLLC), da
duogc gisi thiéu dé dap (ing cac yéu cau thdng tin rong hon cta cac tng dung tiém
nang nhu Internet phuong tién giao thong (Internet of Vehicles) va Internet van vat
(Internet of Things: 10T). Ngay nay véi su phét trién khong ngimg dé cung cap cac
dich vu truyén tai noi dung hinh anh, am thanh c6 d6 phan giai cao bang truy cap di
liu khdng day téc d6 cao hon va dung lwong 16n hon moi lic, moi noi. Mot trong
nhitng thach thirc chinh trong viéc cung cap dich vu cho céc ung dung mMTC va
URLLC 14 c4c hé thong thong tin trong tuong lai phai hd tro truyén théng gdi ngan,
khac biét dang ké so vai cac hé thong truyén thdng cé chiéu dai khdi dai cho bing
thong cao [1]. Tuy nhién, giao tiép véi cac goi tin ngan s& lam giam dang ké do loi
ma hoa kénh, gay kho khan cho viéc dam bao do tin cay thong tin lién lac [2]. Cac hé
thong IoT trong tuong lai bao gdm maét s6 luong 16n thiét bi dau cudi thudong cé cau
tric don gian va bi han ché vé tai nguyén trong diéu kién rang budc vé chi phi duoc
xem xét, khong thé hd trg xtr Iy tin hiéu phuc tap. Céc hé théng IoT thuong st dung
c4c giao thirc ma hoa don gian dé giam nhu cau vé tai nguyén nhung lai gay ton hai
dén do tin cay va bao mat cua hé théng. That vay viéc nghién ciu cua truyén thong
SPC voi ti 1¢ 16i khdi (Block Error Rate: BLER) trung binh, cling cac tham sé, giai
phap k¥ thuat va danh gia cai thién hiéu niang hé thong di duoc nhan duoc sy quan
tam dang ké. Song viéc truyén gai tin ngan trong hé théng da dau vao da dau ra voi
giai phéap lya chon ang-ten phat, BLER trung binh va do dai khoi téi thiéu vin dang
nhiéu tiém ning. Nghién cttu SPC cho hé thong da dau vao da dau ra (Multiple-Input
Multiple-Output: MIMO) ap dung k¥ thuat lya chon ang-ten phat (Transmit Antenna
Selection: TAS) cho may phat va bo thu két hop cd lua chon (Selection Combining:
SC) dé tbi da ti s tin hiéu trén nhidu (Signal-to-Noise Ratio: SNR) dau ra caa may

thu, trén cac kénh pha dinh Rayleigh dé cai thién hiéu niang hé thbng mét céch hiéu



qua hon gitip giai quyét vin dé téi wu hoa do loi ma hoéa kénh, dam bao do tin cay
thong tin lién lac.

Trén co s& d6, cac cong trinh nghién ciru tiéu biéu vé truyén thong géi tin ngan
dugc khao sat va phan tich chi tiét trong Muc 1.4 ctia Chwong 1; phan Mé dau chi tap
trung néu bdi canh, tinh cap thiét va dinh huéng nghién ciru ctia dé an.

Tuy nhién, viéc truyén gai tin ngin trong hé théng MIMO vai ki thuat TAS,
BLER trung binh va d6 dai khéi tdi thiéu (minimum blocklength) van chua dugc
phan tich. Vay nén, nghién ciau SPC cho hé théng MIMO s dung TAS cho may
phat va bo thu SC (MIMO TAS/SC) dé tdi da SNR dau ra caa may thu, trén céac
kénh pha dinh Rayleigh dé cai thién hiéu niang hé théng mot cach hiéu qua hon sé&

duoc thao luan va tap trung nghién ciru trong dé an nay.



Dé an dugc cau tric bao gom 3 chwong véi céc ndi dung cu thé nhu sau:
Chuong 1: Tong quan vé hé théng thdng tin vé tuyén sir dung truyén goi tin
ngén: Trong chuong ndy, trinh bay cac ndi dung co ban vé thong tin vo tuyén, hé
théng MIMO, k¥ thuét lra chon dng-ten phat (TAS) va cac ky thuat phan tap thu,
khai niém vé goi tin ngan, ang dung thong tin vé tuyén st dung truyén goi tin ngan.
Chuong 2: MO hinh hé théng: Trong Chuong ndy, gidi thiéu vé mé hinh
kénh truyén cua hé théng don chiang va hé théng MIMO TAS/SC. Phan tich ly
thuyét va mo ta chi tiét mo hinh hé thong, cac tham sé cia phuong phap dé xuat.
Chuong 3: M6 phong va danh gia két qua: Chuong nay cung cap cac két qua
mo phong va danh gia cac két qua ly thuyét cua cac mé hinh duoc duge dé xuat,

phan tich anh huang cac tham sb lya chon dén hiéu nang hé théng.



Chwong 1: TONG QUAN VE HE THONG THONG TIN VO
TUYEN SU DUNG TRUYEN GOI TIN NGAN

1.1. Tong quan vé thong tin vo tuyén

Trong nhimg nim gan day, cac hé thong thong tin vo tuyén di phat trién nhanh
chong va ngay cang tré nén phd bién phuc vu doi sdng con ngudi. Viéc nghién ciru
mg dung nhitng cong nghé tién tién méi dé dap g nhu cau nay 1a hét sirc can thiét.
Truyén thong vo tuyén 13 mot thanh phan cua hé thong truyén din sb, gdbm c6 cac
thiét bi phan cimg va phan mém duoc thiét 1ap dé truyén tin s tir diu ra cia may phat
dén dau vao cia phia thu v6i méi truong truyén dan 1a lan truyén trong khong gian tu
do. Phuong thirc truyén din cia truyén thong vo tuyén 13: Buic xa song dién tir & may
phét truyén tin hiéu trong méi trudng khong gian ty do dén may thu, sau khi nhan
duogc tin hi€u tr may phat, may thu s€ thuc hién viéc tdch song hodc giai ma tin hi¢u
dé léy lai tin hiéu ban dau. Hon nita, cung voi su phat trién céac dich vu internet van
vat, truyén dir liéu bang thong rong, dich vu truyén hinh di dong, yéu cau vé toc do
truyén di liéu ngay cang ting, dic biét 13 trong cac hé thong thong tin di dong té bao,
nhu cong ngh¢ 5G da duoc trién khai trong thuc té va sau 5G duoc dy kién trién khai

vao nam 2030.
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Hinh 1.1: Anh hudng cta pha dinh da dudng trong thong tin vo tuyén.
Tuy nhién, nhimg thach thirc khéng nhoé ma truyén thong vo tuyén phai doi
mit, bao gdm sy anh hudng ciia nhidu, pha dinh da dudng, suy hao trong khong gian

tu do. Khi tin hiéu dugc truyén tir may phat dén may thu, sy truyén lan cta séng dién



tir trong mdi truong khong gian tu do phai chiu 4nh hudng ctia phan xa, tin xa, nhiéu
xa. Do do, hién tuong pha dinh da duong gay nén su tang giam nhanh chong cuong
do tin hi¢u nhan dugc tai phia may thu, lam thay doi bién do, pha, lam tré tin hiéu thu
dugc. Dbi v6i nhitng suy hao trén co thé bu ddp bang nhiéu phuong phap khac nhau
nhu ting cong suat tai may phat, mo rong bang thong hay str dung cac loai mi héa
sira sai (Error Control Coding: ECC). Tuy nhién, giai phap ting cong sut s& tiéu ton
nhiéu ning luong, giy ra hién trong nhiéu ddng kénh giira cac thiét bi va bang thong
1a nhiing tai nguyén vo tuyén hiru han, ngdy cang trd nén khan hiém, trong khi d6
viéc sir dung cac loai ma hoda stra sai s€ lam han ché toc do truyén dan. Do vay Viéc
nang cao toc do dir liéu thong qua nhimng kénh truyén v tuyén 1a mot thach thirc rat

16n d6i voi cac nha thiét ké thé thong vo tuyén trong twong lai.

Tx_ej E RX

Hinh 1.2: M6 hinh hé théng MIMO da ang-ten.

Viéc sir dung cac ky thuat dé nang cao toc do truyén dan va do tin 1a cac yéu
cau bat budc cho viéc thiét ké hé thong thong tin vo tuyén. Viéc bao dam hai muc tiéu
trén khi cac giai phap vé cong suit phat ciing nhu d6 rong biang thong cé nhitng gi6i
han nhat dinh, cac k¥ thuat MIMO 1a mét trong cac giai phap giup dat dugc ca do loi
phan tap (diversity gain) va do loi ghép kénh (multiplexing gain) nham ting toc do
truyén dan va do tin cdy cua kénh truyén. Trong hé thong MIMO, céc thié bi thu va
phat duoc trang bi nhiu dng-ten va st dung cac k¥ thuét thu/phat phan tap dé nang
cao chat lugng va do tin cdy ctia qua trinh truyén dir liéu. D6 1a 1y do tai sao MIMO

s& 14 ky thuat ddy tiém nang. Trong tuwong lai, cac tram gbc dugc trang bi véi s6 lugng



ang-ten 16n dé phuc vu cang nhiéu nguoi dung, cling nhu thuc hién cac ky thuét truyén
phan tap khong gian.
1.1.1. Lwa chon dng-ten cho hé théng MIMO

Nhu di dé cap ¢ trén, cac hé théng MIMO véi nhiéu dng-ten tai ca mdy phat
va may thu c6 thé lam ting dang ké dung luong va do tin cdy hé théng. Tuy nhién,
viéc st dung nhiéu dng-ten s& yéu cau viéc trién khai nhiéu chudi tin sd vo tuyén
(Radio Frequency: RF), diéu nay dan dén do phuc tap phan cimg, kich thudc, cong
suét tiéu thy 16n va chi phi trién khai ton kém. Dé giai quyét van dé nay, cac hé thong
lwa chon dng-ten v&i chi phi va do phire tap thap, nhung vin bao dam duoc cac uu
diém cia hé théng MIMO, trong d6 chi mot tap con cic dng-ten trong tong sd cac

ang-ten san c6 duoc hoat dong trong cung thoi diém.
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Hinh 1.3: M6 hinh h¢ théng MIMO TAS.

Tin hiéu MIMO c6 thé cai thién truyén théng vo tuyén bang hai cach khac
nhau, do 1a cac phuong phdp phan tap va ghép kénh khong gian. Cac phuong phap
phan tap cai thién manh m& hé thong thong tin vé mit ti 1& 15i bit (Bit Error Rate:
BER) bang viéc sir dung nhiéu duong giita may phét va may thu. Hon nita, lya chon
ang-ten cho hé théng MIMO 1a mét yéu té day tiém ning dé nang cao dung lugng hé
théng ma khong can st dung thém cong suit va bing thong. Hé théng MIMO véi cac
mang ang-ten dugc str dung tai ca phia phat va phia thu, gobm nhiéu chudi RF duoc

lién két véi nhidu dng-ten tai may phat va may thu, nén s& 1am ting cong suit tiéu thu



va kich thuée thiét bi. Lya chon dng-ten 1a phuong phép thay thé véi chi phi thap dé
tdi da do phtrc tap cua hé théng MIMO.
1.1.2. Cdc ky thudt két hop phan tip thu

Khi méy thu c6 thé nhan dugc nhiéu phién ban cua tin hidu, may thu co thé st
dung cac bo két hop dé nang cao ti s6 tin hiéu trén nhidu (SNR). Cac bo két hop phd
bién, bao gdm: Bo két hop chon lira (Selection Combining: SC), bo két hop can bang
d6 loi (Equal-Gain Combining: EGC)) va bo két hop ti s6 téi da (Maximal Ratio
Combining: MRC).

1.1.2.1. Bo két hop phan tap thu SC

Bo két hop co lua chon (SC) hoat dong dua trén nguyén tic chon nhéanh cé
SNR 16n nhat trong sé tat ca cac nhanh nhan dugc va str dung nhanh duoc chon nay
dé giai ma dit liéu nhan duoc. Do d6, tai mdi mot khe thai gian chi ¢ mot nhanh tét
nhit duoc st dung. Gia st mot bo thu nhan dwge N phién ban cua tin hiéu, ky hiéu
Vir Var ..., YN 12 SNR ctia cac nhanh, do d6 SNR dat dugc cho tin hiéu can giai ma sé

duoc viét lai nhu sau:

Ysc =, max, (Yn) (1.1)

1.1.2.2. Bo két hop phan tap thu MRC
Déi voi ki thuat két hop SC, tin hiéu ngd ra cua bo két hop chinh 12 tin hiéu
trén mot nhanh riéng biét bat ky. K§ thuat két hop SC mic du don gian nhung khéng
khai thac duoc c4c tin hiéu trén cac nhanh con lai. K§ thuat két hop ti sb téi da (MRC)
¢ uu diém chinh khi so véi ki thuat két hop SC 1a MRC sur dung tin hiéu thu tir tat
ca cac nhanh dé dua vao xu 1y, do d6 dat dugc SNR cao hon SC. Trong k¥ thuat
MRC, SNR cua ngd ra bo két hop 1a tong cua cac SNR trén céc nhanh thanh phan,

thé hién nhu sau:

N
YNRC = Z Yn-
n-1 (1.2)

Nhan xét: Tir cac biéu thire (1.1) va (1.2), ta nhan thay rang SNR dat dugc & bo két
hop MRC 16n hon SC. Mit khac, su chénh Iéch SNR giita hai bo két hop s& cang 16n

khi s6 nhanh nhan duoc thiét 1ap ¢ bo thu ting.



1.1.2.3. Bo két hop phan tap thu EGC

Trong ki thuat MRC, hé thdng yéu cau phai biét su thay d6i cia SNR trén
tirng nhanh theo thoi gian va théng s nay rat khé thuc hién dé do dac. Do dé, dé don
gian ki thuat MRC, ngudi ta st dung k¥ thuat két hop do loi can bang (EGC).

V& ban chat EGC ciing gidng MRC, déu st dung tat ca cac tin hiéu thu duoc
tai cac nhanh dé dua vao xt Iy, nhung SNR dau ra trong bd thu EGC phai thoa diéu
kién cong sut nhiéu trén cac nhanh nhu nhau. Tuy nhién, hiéu qua caa ky thuat nay
c6 thé thay 1a khong cao nhu MRC nhung EGC dé thuc thi hon trong thuc té so voi
k§ thuat MRC. Biéu dién todn hoc, SNR dat dugc cho tin hiéu can duoc giai ma sau
bo két hop EGC duoc thé hién la

(Y v (
N

Yece = = ﬁ

N 2
> )
n=1 (1.3)

Nhan xét: Xét vé SNR tirc thoi, ta thiy rang bo két hop MRC dat duoc SNR
16n nhat. Do d6, hiéu ning dat duoc trong phuong phap két hgp MRC 1a cao nhét.
1.2. Khai niém géi tin ngin

1.2.1. Cédu triic géi tin

Cho dén nay, mdi thé hé di dong méi ra doi dugce thiét ké vai muyc tiéu chi yéu
1a nang cao toc do truyén dit liéu so voi thé hé di dong trude d6. Mang di dong thé hé
thi 5 (Fifth-Generation: 5G) va sau 5G s& khong nhitng nang cao tc do truyén di
liéu ma con tang cac dich vu bang rong. Diéu nay la do phén 16n cac két ndi vo tuyén
trong twong lai s& 1a nhitng két ndi gitra cac thiét bi va may moc ty dong, thay thé cho
céc thiét bi di dong dau cudi duogc diéu khién béi con nguoi cho céc cac dich vu bang
thong rong truyén thong huéng dén. Thé hé mang di dong tiép theo sé& giai quyét cac
yéu cau cu thé ciia cac thiét bi va may moéc tu dong hoa bang cach cung cap hai ché
d6 truyén din vo tuyén: Truyén thong do tin cdy cuc cao (Ultra-Reliable
Communication: URC) va truyén thong trén quy méd 1én (massive Machine Type
Communication: MMTC). Trong d6, URC dé cap dén cac dich vu truyén théng trong
d6 cac gbi dir lidu duogc trao dbi & thong luong kha thip (50 Mb/gidy) nhung c6 cac
yéu cau nghiém ngit vé do tin ciy (99,999%) va do tré (4 ms). Cac thong s6 vé URC



bao gdm két ndi dam may dang tin cdy, cac két ndi quan trong cho tir dong hoa cong
nghiép va su phdi hop vo tuyén dang tin cdy giita cic phuong tién [1]. Vi mM2M,
chi d& cap dén kich ban can hd tro mot s6 lugng 16n cac thiét bi (vi du: 10000 thiét
bi) trong mot pham vi nhit dinh. Diéu nay c6 lién quan dén cac hé théng mang vt Iy
phan tan quy mo 16n (vi du: luéi dién thong minh) hodc diéu khién cong nghiép.
Trong trudng hop ndy, cac goi dit lidu ngin (thuong chira cac phép do twong quan)
va d0 tin cdy cuc cao dé giai quyét véi cac tinh hudng quan trong. Tuy nhién, thach
thirc chinh véi hai ché d6 vo tuyén méi nay 13 kha ning hd trg truyén goi tin ngan.
That vay, cac goi tin ngén la dang luu luong dién hinh duoc tao ra bai cac cam bién
va duoc trao doi trong truyén thong dang may moéc. Piéu nay doi hoi mot phuong
phap thiét ké khac so voi phuong phap dugc sir dung trong cac hé théng truyén dir
lidu tdc do cao hién tai, nhu 4G LTE va WiFi. Piéu nay ham ¥ rang, viéc dinh nghia
chinh thirc cac goi tin ngan/dai 1a phu hop. Viéc truyén din mot goi tin 14 qua trinh
trong do6 tai trong thong tin (bit dir li€u) dugc anh xa thanh tin hi¢u thoi gian lién tuc,
sau d6 dugc phat trén cac kénh v tuyén. Mot tin hiéu thoi gian lién tuc ¢ thoi luong
xap xi T va bang thong xap xi B ¢6 thé dugc mo ta bang cac tham sd phuc tap n~ BT,
Khi d6, ta s& tham chiéu n 1a do dai géi tin, tirc 1a s6 bac tir do (st dung kénh) can
thiét dé truyén tai trong thong tin.

Trong cac hé théng vo tuyén, thong tin diéu khién (metadata) bao gdm phan
mao dau (Preamble: PA) va phan tiéu dé (Header: H). Nhu duoc minh hoa ¢ Hinh
1.4, trong d6, (a) 1a goi dir liéu dai dugc st dung trong cac hé thong vo tuyén hién
nay va (b) 1a cac goi dit liéu ngin can thiét dé hd tro cho cac tng dung 5G va sau 5G,
chéng han nhu URC va mM2M. Hon nita, ma kénh dugc dinh nghia 1a 4nh xa gitia
tai thong tin (information payload) va tin hiéu phat trén n kénh str dung. Nhiém vu
clia may thu vo tuyén 1 khoi phuc tai thong tin tir phién ban bi méo va nhiéu cua tin
hiéu dugc truyén di tir may phat. Mot két qua quan trong cua 1y thuyét thong tin [13],
thé hién rang khi gi tri ctia n 1n (cac goi dai), ton tai cac ma kénh ma tai thong tin
c6 thé duoc khoi phuc véi xac suét cao. Ta nhan théy ré“mg, khi n 16n, ca nhiéu nhiét
va méo giy ra bai kénh truyén duoc tinh trung binh theo luat s6 16n. Tuy nhién, khi

n nho (cac goi tin ngan) thi viéc tinh trung binh nhu vay khong thé xay ra.
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Metadata
<\
P H DU LIEU

(a) Cau triic goi tin dai
P H | DU LIEU

(b) Céu tric goi tin ngan
Hinh 1.4: Cau trac goi dit liéu va thong tin diéu khién [1].

Mot yéu t6 khac dé xac dinh cta goi tin dai, bén canh sb luong 16n kénh sir
dung, thuc té 1a tai thong tin chira trong mot godi 16n hon nhiéu so véi thong tin diéu
khién dugc két hop cling véi goi tin. Hé qua 1, ma hoa thong tin diéu khién can tbi
vu khong 1am giam hiéu qua cua viéc truyén dan tong thé. Nguoc lai, khi cac gdi tin
ngan, thong tin diéu khién c6 kich thudc khong dang ké so vai tai thong tin.

Tom lai, trong thong tin gdi tin ngan: Két qua Iy thuyét thong tin c¢b dién khong
thé thuc hién duoc vi luat sb 16n khong thé ap dung va kich thude cua thong tin didu
khién c6 thé so sanh véi kich thudc cia tai thong tin va mé hoa thong tin diéu khién
khong hiéu qua s& anh hudng déng ké dén hiéu ning tong thé clia qua trinh truyén dan.

Pinh nghia goi tin ngin: Trong khudn kho dé an, mot goi tin duoc goi 1a goi
tin ngan khi d6 dai khéi tin (blocklength) n, tinh bang s6 1an st dung kénh (channel
uses), 1a hiru han va twong ddi nho, dién hinh n < 1000 (thuong trong khoang 100 +
1000 ky hiéu), twong tmg vdi tai tin ¢& vai chuc dén vai traim byte (vi du < 256 byte
d6i voi cac ban tin diéu khién cia uRLLC/mMTC theo 3GPP). O ché do nay, luat sé
16n khong con dung nén cac két qua 1y thuyét thong tin cb dién (dung lwong Shannon,
dung lugng ding) chi mang tinh tiém can; hiéu ning phai duoc danh gia bang 1y
thuyét d6 dai khoi hiru han (finite blocklength) cta Polyanskiy [3], trong d6 téc do
mi hoéa téi da phu thudc dong thoi vao n va xac suat 16i khdi 0 (uRLLC thudng yéu
cau 0 ~ 10~° = 10°°). Nguoc lai, goi tin dai (n — o) cho phép dat xac suat 16i nho tiy

v o tdc do tiém can dung luong kénh.
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1.2.2. Phén tich ky thudt truyén goi tin

Céc hé thong khong day hién dai truyén dir liéu theo dang goi. Mdi g6i dugc
truyén qua khong gian khong chi mang theo cac bit théng tin danh cho cac may thu
dinh trudc, ma con mang theo cé4c bit bd sung can thiét cho chirc ning stra 16i trong
cac giao thirc vo tuyén. CAc bit nhu vay s& duoc dé cap thong qua thong tin didu
khién, trai nguoc voi dit liéu thuc té dugc phéat, bao gdbm khéi tao va két thuc goi tin,
dia chi logic, thong tin dong bd va théng tin bao mat.

Nhu duoc minh hoa trong Hinh 1.5, xem xét mét goi tin gom k bit, duoc tao
rat k; bit thong tin (tai thong tin) va k, bit bo sung, trong k, bit nay bao gom théng
tin diéu khién tir 16p diéu khién truy nhap (Media Access Control: MAC) va céc 16p
cao hon. Ké tiép, k. bit thong tin nay dugc ma hod thanh mét khéi co n, symbol dir
ligu (cac sb phuc), dé tang do tin cay cua qua trinh truyén goi tin. Cudi cing, n,
symbol dugc thém vao cho phép phét hién gai tin, dong bo cé hiéu qua (trén mién
thoi gian va tan sd) hoic uwdc luong thong tin trang thai kénh (Channel State
Information: CSI) can thiét tai may thu dé b méo tin hiéu phat, gay ra bai suy hao
kénh truyén vo tuyén. Tong chiéu dai goi tin n bang n_ +n,. C6 thé xem xét k, bit

va n, symbol durgc thém vao nhu théng tin diéu khién,

MAC PHY
Mio ddu Mao dau

Hinh 1.5: So d6 minh hoa céu tric tao goi tin [1].

Taco R=k /n, 1asb bit thong tin trén symbol phirc (twong duong véi s6 bit
tai thong tin trén gidy trén don vi bang thong), biéu thi tbc do truyén dan va la thudc
do hiéu qua phé tan caa mot hé théng thong tin. Trong mot sb tiéu chuan vé tuyén (vi
du nhu LTE), cac kénh vat ly/Idgic cu thé duoc danh riéng dé mang thong tin diéu
khién va chinh diéu nay s& lam giam hiéu suat pho tan. Trong hau hét cac hé thong
vO tuyén hién tai, ta co k; >k, va do d6 n, > n,, toc do truyén dan R ~k;/n,. Vay

nén, hiéu ning caa cac hé théng co ban phu thudc vao hiéu qua cua ma kénh. Hon
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nita, k; (hodc n,) thuong co gid tri 16n. Dya vao ly thuyét thong tin nhu dung lugng

dirng 1 chinh xac, mic du dugc xac dinh cho cac gdéi tin ¢o kich thudc 16n dang xap

Xi. Tom lai, ma hoa tai dir liéu str dung ma kénh tét cho phép truyén dan tin cay & téc

d6 dat dwoc gan voi dung lugng kénh.

1.3. Panh gia hé théng thong tin vo tuyén sir dung truyén goi tin ngin
1.3.1. Chiéu dai gdi tin

Dé danh gia nhitng sb liéu lién quan 1y thuyét thong tin, chlng ta cdn xem xét
mot kénh thong tin. Kénh thong tin 13 phan trung tim ciia mot mo hinh vo tuyén duoc
xem xét, miéu ta mdi quan hé giira tin hiéu dau vao va tin hiéu dau ra trén cac kénh
nguoi dung. Trong k¥ thuat truyén tin gbi ngan hién tai mdi kénh nguoi dung twong
ung voi mot symbol phirc dugc phét di. Tdc d6 R ciia mot hé théng thong tin dugc
dinh nghia 14 ti s6 k/n céc bit thong tin trén s6 symbol dugc phat di. Truong hop 1y
tuong, chiing ta mudn thiét ké cac hé thong thong tin cho gia tri R cang 16n cang tét,
trong khi d6 xac suét 18i géi P, cang nho cang tét. Ta dinh nghia R* (n,b) 1a toc do
ma hoa tdi da dya trén chidu dai goi tin hiru han n va xac suat 16i goi 0.

Céc tham s6 1y thuyét thong tin truyén théng, nhu dung luong va dung luong
dirng c6 thé dat dugc truc tiép tr R” (n,b) bang cach ap dung céc gi6i han thich hop.
Cu thé, dung lugng ding C, dugc dinh nghia la tbc do k/n 16n nhét déi véi moi
chiéu dai géi tin n du 16m, ton tai cdp ma hoa/giai ma ( f, gn) c6 xac suat 161 goi tin
khong vugt qué 0. Do do, trai nguge véi R™(n,0), dinh nghia cia C; bao gdm Cac
cdp ma héa/giai mi cé chiéu dai goi tin cd dinh n, thay vao do ta s& xem xét cac cip
mi hoa/giai ma c6 chiéu dai gbi du 16n dé xac suat 16i giam xubng dudi 0. Theo do,
C, c6 thé dat dugc tir R™(n,0) dua vao

C,=limR"(n,0). (1.4)

Dung lugng C (truyén thong vo tuyén goi 1a dung luong ergodic) dugc dinh
nghia 1a k/n 16n nhat, sao cho ton tai cip ma héa/giai ma ( f,,g,) c6 xac suét 18i goi

nho tuy y bﬁng cach Iya chon d6 dai goi du 1on. Do do, trai nguoc véi dinh nghia vé
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dung luong dimg yéu cau xac suat 16i goi nho hon 0, dinh nghia vé dung luong 16n
hon khi doi hoi xac suat 18i goi nho tiy y. Do d6, C c6 thé dat dugc tir C, bang cach
cho o tién vé gia trj 0, cu thé 1a

C =1limC, =limlimR"(n,0). (1.5)

0—0 0—0 n—w

Dung luong dic trung cho téc d6 truyén 16n nhat ma tai d6 truyén thong déng
tin cdy 1a kha thi khi khong c6 han ché vé do dai géi tin. Tuong tw, dung lugng dimg
dic trung cho téc do truyén 16n nhat ma tai dé truyén thong voi xac sudt 16i goi tin
khong vuot qua 0 1a rat kha thi, khi diéu kién 1a khong bi gidi han vé d6 dai goi tin.
Theo d6, ca hai thong s6 nay rat phu hop cho cac hé thong thong tin vo tuyén hién
tai, trong do kich thudc goi tin thuong 16n. Tuy nhién, viéc ddnh gid hi€u qua cua
truyén thong goi tin ngan doi hoi phai phan tich cu thé hon vé R’ (n,é) . Tuy nhién,
gia tri chinh xac cia R (n,(‘)) van chua duoc x4c dinh, ngay ca cdc mo hinh kénh don
gian hon nhiéu dé phan tich so véi cac gia tri duoc xem xét trong truyén thong vo
tuyén. That vay, viéc xac dinh R (n,é) 12 mot bai toan rat phtrc tap va do phuc tap
ctia no 1a ting gip d6i theo chiéu dai goi tin n.

Tuy nhién, trong thoi gian gan ddy, cong dong 1y thuyét thong tin d c6 nhiing
tién b dang ke trong viéc giai quyét van dé dinh luong R™(n,0) va giai quyét van dé
ton tai 1au nay vé viéc tinh toan cac rang budc do tré. Dua trén céc két qua ti€ém can
trudc d6 ciia Dobrushin va Strassen, Polyanskiy va cong su [3] gan day di cung cap
mot phuong phap dé co duoc cac gidi han trén R*(n,(‘)) . Céc tac gia da chi ra rang
d6i v6i cac kénh khac nhau c6 dung luong duong C, tbc do mi hoa tdi da R (n,()))
¢6 thé duoc dua ra bai

R (n,0) =C - \/iql (6)+0 ('Oﬁj (L6)
n n
trong d6 O (IO%) bao gom céc thanh phan con lai caa phuong trinh (1.6), tuy thudc

N . 5 . \ . logn
vao cac gia sir kénh truyén (thong thuong thanh phan O [MJ s€ bang Oi,
n n
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truong hop truyén qua kénh truyén nhidu tring AWGN thi thanh phan O (Mj S8
n

., logn
Xap Xi
2

- Q™(.) 1a nghich dao ciia ctia ham Q Gauss, C(y) la dung luong kénh
Shannon, véi C(X) =log, (1+ X) va V () goi la d6 phan tan kénh (suy hao kénh

(2x+x*)log(e)’

- X)z . Phuong trinh (1.6) 1a phuong trinh lién quan gitra

truyén), V (x) =

d6 dai goi tin va xac suat I8i khi truyén, co nghia rang dé c6 duoc xac suat 16i mong
mudn 13 o, thi ta phai s dung goi tin truyén c6 kich thude goi 1a n.
1.3.2. Phan tich xdc sudt 16i ciia giao thirc truyén g0i tin ngdn
Xem xét giao thirc truyén thong tin hai chiéu trong Hinh 1.6, trong d6 nut 1
glri mot mot gobi tin co chua dir ligu dén nat 2, nit 2 nhan duoc g61 tin dir ligu ding
s& xac nhan bang cach gui lai goi tin ACK (Acknowledge) cho niit 1, gbi tin ACK c¢6
vai tro nhu xac nhan lai viéc dd nhan géi tin chinh xac. G6i tin dugc truyén dang tir

nat 1 dén nat 2 theo giao thiic trao d6i tuan ty [1].

Nut 1 Nuat 2
Hinh 1.6: M6 hinh truyén thong tin hai chiéu voi dit liéu nit 1 va ACK tir nit 2.

Gia str goi tin tir niat 1 dugc nhan ding & nit 2, 6 X4c suat tuong ang 1a 1-4.
Nt 2 giri lai mot goi tin ACK dé xac nhan dén nit 1, x4c suat goi tin ACK dugc nhan
dung & nlt 1 12 1-9,. Chung ta xem xét anh hudng truyén thong tin trén mot kénh
nhidu (noisy channel) va sb luong kénh truyén hitu han, khi d6 khong cé giao thirc
nao c6 thé hoan toan dat dugc thong tin c6 do tin cdy hoan hao. Diéu d6 c6 nghia rang
mot gbi tin nhan dugc khong chinh xéc (su ki¢n xdy ra voi xac suat 1a 0, ) hodc nhan
duge mot goi ACK khong dung (sy kién nay c6 xac suat 1a 0,), do trong qué trinh

giai ma bi 16i néu kich thirc géi tin 1a nho, véi trudng hop o, va 0, 16n. Do vy, gia sir
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viéc phat hién géi tin bi 18i va truyén ACK déu 1 hoan hao (goi 1a phan hoi 1 bit) 12
hoan toan sai néu xem xét chiéu dai goi tin 1a nho.

Pé trinh bay rd hon vé mé hinh trong Hinh 1.6, gia st xem xét kénh truyén l1a
kénh AWGN véi p =10, ta viét lai phuong trinh (1.6) nhu sau:

\f B '092 , (1.7)

(2p+ ,oz)log2 (e)2
(1+ ,0)2 '

Thuc hién xap xi (1.7), v6i k = Rn, ta tinh duoc Xac suat 15i o theo k va n.

voi C(p)=log(1+p), V(p)=

Trudéc tién, thay thé R =k/n vao vé trai cia phuong trinh (1.7), ta c6

k V ., log,n
2~C-— /_ ! —=2_ 1.8
n nQ (O)+ 2n (1.8)

Tién hanh Chuyén vé va tinh toan cho (1.8), ta dugc nhu sau:

Jogan o _Jn(2nC -2k +log, n)

T biéu thire (1.9), ta c6 xac suat 161 o theo k va n duoc viét lai 1a

nC —k +Imy22n
o(k,n)~Q N . (1.10)

Dé giai quyét vin dé trén ta xem xét vi du nhu sau, gia st rang nat 1 ¢6 12
byte dir liéu dugc guri di. Gia st goi tin d6 dugc gui di boi ntt 1 va ¢ chira dia chi
ngudn, dia chi dich, mot bit cho diéu khién luu luong va cac byte dit lidu. Do do, nat
1 truyén k, =96 bit dit liéu va k,, =97 bit théng tin diéu khién, két qua la
k, =k;, +Ky, =193 bit. G6i ACK duoc giri béi nit 2, gdm c6 dia chi ngudn, dia chi
dich va mot bit ACK. Ddi véi gbi tin ACK, ¢6 k, =0 bit dit ligu va k,, =97 bit
thong tin diéu khién, do d6 k =k, , +k;, =97 bit. D4t n 1a tong sb kénh truyén sin

6 dé giri dir lidu va ACK. Dé tdi uu giao thirc, ta tim s6 kénh ngudi ding t6i wu N,
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boi nit 1 va n,=n-n, boi niat 2, do d6 d6 tin cdy truyén din dugc cho bai
(10" (kum,))(1-6"(k,.n,)) 1a t6i da. Nhimg gié tri nay c6 thé tim dugc bang phép

xap xi. Vi du, gid tri toi thiéu cua n cung cép do tin cdy truyén 1a

(1-0" (kn))(1-0" (kyu1n,)) > 0.999,

khi d6 n=203, véi n, =132 kénh sir dung cho truyén géi dir liéu va n, = 71 kénh
st dung dé guri goi tin ACK.

Mot vi du khac, c¢b dinh n=250 1a s6 kénh st dung tbi da cho phép. Tdi uvu
bang phuong phap sb dat duoc do tin ciy 16n nhat (1—(‘)* (k,, nl))(l—(‘)* (k,,n, )) dua
ra n,=158 va n,=92. Két qua 1a do tin cdy gin bang 1 va thong lugng
(1-0" (k1)) (1-9" (k,,n,) ki, / n=0.384 bit trén kénh sit dung.

Trong nhiéu trudng hop, khong gia tri bién thuc té cho n, va n,, cau tric song
cong phéan chia thoi gian ¢6 dinh (Time Division Duplex: TDD) la n, =n,. Véi cau
tric nhu vy, ta gia sir rang N, =N, =125, nhu vdy ACK cho cic goi tin dén trong
vong n =250 kénh sir dung dé bit dau truyén dir liéu. Mot goi tin giri boi nat 1 va
nGt 2 chira 194 bit, trong d6 c6 96 bit dit liéu, 96 bit dia chi, 1 bit cho diéu khién ludng
dir liéu va 1 bit cho ACK. Panh gia cac tham sb 16i goi dwoc cho bai
O (k;,n, ) =0 (K,,n,) =0.0118. Ta nhan thay rang, do tin cdy gidm rd rét mic du
thong luong gan nhu ting gap doi dén 0.759 bit trén kénh sir dung.

Nhing vi du don gian nay, da cho thay rang diéu chinh d6 dai goi tin va tdc
d6 ma hoa 1a rat tiém nang dé dat duoc do tin cay cao. Tuy nhién, luu y ré“mg su linh
hoat trong d6 dai géi tin 1a can thiét. Piéu nay c6 nghia 1 giao thic can phai danh
riéng mot sb bit trong mdi goi cho thong tin diéu khién dé miéu ta do dai goi. Viéc sir
dung d6 dai khe duoc xéac dinh trude, tao ra mot thiét ké hé thong manh mé, do khdng
c6 161 bo sung gy ra béi viée trao d6i thong tin dicu khién. Didu nay thé hién rang,
viée thiét ké cac giao thirc hd tro do tin ciy cuc cao, mot phuong phéap kha thi 12 yéu
cdu tat ca cac phan tir ctia giao thirc/ thong tin diéu khién thuong duoc gia sir 1a duoc

nhan hoan hao.
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Phén tich xac suit 16i khdi cua truyén goi tin ngdn: Tir phuong trinh (1.6) va
biéu thirc xac suat 15i (1.10), trong ché d6 do dai khéi hitu han, x4c suét 15i khoi duge
xap xi theo cong thitc chuan cia Polyanskiy [3]: 0 = Q( (C - R). W ) day 1a dang
tuong duong cua (1.10), trong d6 C = log2(1+y) 1a dung luong Shannon, R = b/n 1a
tbc d6 ma hoa, V = (1 — (1+y)2)-(logze)? 1a d6 phén tan kénh (channel dispersion) va
Q(-) 12 ham Gauss-Q. Biéu thirc niy cho thay: (i) khi d6 dai khdi n ting, ddi s cta
ham Q ting theo v/n nén 0 giam theo ham mii; (ii) khi toc d6 R tién gan dung luong
C thi d6i s6 tién vé 0 va 0 — 0,5, tirc 16i khoi 16n nhat; (iii) khi SNR ting thi C ting,
lam 0 giam nhanh. DAy chinh 13 khac biét cdn ban so v&i ché d6 goi dai, noi 0 co thé
nhé tiy y mién 1a R < C.

Dbi véi giao thirc truyén hai chiéu ¢ Hinh 1.6 (nat 1 giri dit liéu, ndt 2 phan
hdi ACK), do mdi chiéu déu co6 xac suét 18i hitu han (0 data cho géi dit lidu va Oack
cho goéi ACK), xac suat mot chu ky trao doi thanh cong 1a (1 — Odata)(1 — Oack). Vi
vay, x4c suat 161 tong ctia ca qua trinh truyén hai chiéu dugc xac dinh boi

01>2=1 — (1 — Odata)(1 — OAcK) = Odata + OAck (1.11)

vGi Odata, Oack nho. Cong thire (1.11) khang dinh gia thiét “phan hoi 1 bit hoan

hao” khong con dung khi kich thudc goi nho, dong thdi cho thdy do tin cdy dau-cudi
bi chi phdi boi chiéu truyén c6 xac suat 18i 16n hon.

Anh huéng cta ciu hinh da ching t6i BLER: Dé an tap trung phén tich hé
thong don chiang (S-D) va hé théng MIMO TAS/SC mdt ching. Trong trudng hop
hé thong 1a da chiang (multi-hop), vi du mang chuyén tiép giai ma-chuyén tiép (DF)
g6m K ching ndi tiép, mot khdi tin chi duoc xem 14 truyén ding khi tit ca cac ching
déu giai ma dung. Do do, ti 1¢ 16i khdi dau-cudi dugc xap xi boi BLEReze = 1 — [Ti (1
— BLER)) ~ Zi BLER; (khi c4c BLER; di1 nho), v6i BLER; 1a ti 1¢ 15i khéi cua ching
thir i. Biéu thtrc nay cho thady BLER dau-cudi ting gan nhu tuyén tinh theo s6 ching
K, dong thoi tong do tré va tong do dai khoi cling ting theo, diéu bat lgi cho cac ing
dung uRLLC. Pé giam anh hudng nay c6 thé ap dung: (i) lya chon nut/dng-ten t6t
nhat & mdi ching (relay selection, TAS/SC) nham cuc dai SNR va giam BLER;; (ii)

phéan bo cong suat va do dai khoi to1 wu gilra cac chang, wu tién chang yéu; (ii1) dung
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phan tap hop tac va két hop tin hiéu (MRC/SC) tai dich; (iv) 4p dung truyén lai ting
phan du (HARQ-IR) dé bd sung do dai khdi khi can; (v) chon ché do song cong toan
phan (FD) hop 1y dé giam sb pha truyén. Viéc mé rong mo hinh TAS/SC sang ciu
hinh da ching 13 mot huéng nghién ctru tiép theo cua dé 4n.

1.4. Khao sat cac cong trinh nghién ciru lién quan

Truyén thong goi tin ngin da thu hat sy quan tAm ctia nhiéu nhém nghién ctru
trong va ngoai nudc ¢ nhiéu goc do, tir Iy thuyét thong tin dén cac mo hinh giai phap
ky thuat cu thé. Muc nay khdo sat mot ) cong trinh tiéu biéu lam co s& xac dinh
khoéng tréng nghién ciru cta dé an.

Nghién citu SPC cho cac hé thong vo tuyén véi cac tham sé dic tinh kénh
cling nhu giai phap k¥ thuat da duoc nhiéu nha nghién ctru dé cap ¢ nhiéu goc do
khac nhau. Tuy nhién, viéc truyén géi tin ngan trong hé théng MIMO véi ky thuat
TAS, BLER trung binh va d¢ dai khéi tbi thiéu (minimum blocklength) 1a noi dung
nhan duoc nhiéu sy quan tdm. Truyén thong goi tin ngin dwoc gisi thiéu bai
Polyanskiy va cong su, dé giam do tré truyén théng 16p vat 1y [3]. Trong d6 di gisi
thiéu mot thong sb hiéu nang méi, ty & 16i khéi (BLER) trung binh, dé do luong
chinh xac hiéu nang cuia truyén théng goi tin ngan. Dac biét toc d6 ma hoa kénh toi
da co thé dat dugc theo do dai khéi cb dinh va xac suat 161 da dwoc nghién ciu trong
cac kénh nhiéu Gauss tring cong (Additive White Gaussian Noise: AWGN). Trén
co s& d6 c6 nhiéu nghién ciu tir goc do ly thuyét thong tin ciing nhu thyc té md
hinh giai phéap k§y thuat. Trong [4], Sun va cong su lan dau tién di xem xét hé thong
da truy cap khong truc giao (Non-Orthogonal Multiple Access: NOMA) duong
xudng hai ngudi dung trong SPC va chi ra chi ra ring NOMA hoat dong tot hon
dang ké so vai da truy cap truc giao (Orthogonal Multiple Access: OMA) nham dat
duoc hiéu qua thong lwong cao hon trong cung diéu kién rang budc vé do dai khéi
hitu han (finite blocklength). Trong [5], tac gia da nghién ctru van dé hiéu qua ning
luong (energy-efficiency) cho duong 1€n (uplink) NOMA dya vao mMTC st dung
SPC. Lai va cong su trong [6] da khao sat mot hé théng NOMA-SPC dudng xudng

hai nguoi dung trong d6 mot ngudi dung gan chuyén tiép cac tin hiéu danh cho



19

nguodi ding & xa trén cac kénh pha dinh Rayleigh phang (flat Rayleigh fading
channels). Tuy nhién, vi ngudi ding gan hoat dong & ché do ban song cong (Half-
Duplex: HD), phai sir dung hai pha dé hoan thanh mot chu ky truyén dan. Trong
[7], giao thac NOMA-SPC cong tac bao gom mét tram géc, nat chuyén tiép HD va
may thu duoc trang bi bo két hop ti sb téi da (Maximal Ratio Combining: MRC)
hoic bo thu SC, ciing da dwoc nghién ciu. Gan day, cac tac gia trong [8] danh gia
hiéu ning cua cac mo hinh chuyén tiép song cong (Full-Duplex: FD) NOMA cong
tac s dung SPC, trong d6 dua ra cac biéu thiac BLER trung binh cho hai nguoi
ding. Cu thé, cac tac gia da xem xét hai trudng hop trong d6 hién twong tu nhidu
du (Residual Self-Interference: RSI) tai nat chuyén tiép FD 1a kénh pha dinh ti do
hoic kénh pha dinh Rayleigh. Cac két qua thu duoc & [8] cho thay rang trong mién
SNR cao, hiéu nang BLER trung binh ¢ nguoi dung trong nhirng truong hop nay la
nhu nhau. Tuy nhién, chi ¢6 bo két hop MRC tai cac ngudi ding xa méi dugc xem
xét trong [8]. Mic di bo két hop MRC dat dugc hiéu ning tbi wu, tuy nhién viéc
trién khai doi hoi yéu cau ca bién do va pha cua tat ca cac hé sé kénh Ia rat phuc
tap. Khong giéng nhu MRC, SC chi chon nhanh phan tap (diversity branch) c6 SNR
cao nhat dé giai ma tin hiéu nhan duoc [9], viéc thuc hién SC don gian hon MRC.

Hon nira, SPC duogc sur dung trong c&c mang hop tac thong thuong cling nhu
boi cac ngudi ding trung gian hoat dong nhu cac thiét bi chuyén tiép nhu 1a khuéch
dai va chuyén tiép (Amplify-and-Forward: AF) va giai ma va chuyén tiép (Decode-
and-Forward: DF) d¢ tang hiéu ning hé thdng [10]-[12]. Céc tac gia trong [10], d
dua ra BLER trung binh cho cac mang chuyén tiép song cong va ban song cong.
Cac két qua cho thidy mang chuyén tiép song céng hoan toan vuot troi so véi mang
chuyén tiép ban song cong véi cling cong suat phét va cac yéu cau BLER. Lopez va
cong su [11] da giam BLER va dé tré trong mang hai chiang DF véi thu thap ning
lwong vo tuyén, trong khi Nouri va cong su [12] di tdi da hoa hiéu ning cua mang
hai ching DF dya vao bo két hop MRC.

Tir khao sat trén c6 thé thiy, viée truyén goi tin ngan trong hé thdng MIMO st
dung déng thoi ky thuat lya chon ang-ten phat (TAS) va b két hop c6 lya chon (SC),
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duoc danh gia qua ti 18 161 khdi trung binh va do dai khéi t6i thiéu, van chwa dugc phan
tich day du. Pay chinh 1a khoang tréng nghién ciru ma dé an tap trung giai quyét.
1.5. Két luan Chwong 1

Chuong 1 di trinh bay nhitng nhitng van dé téng quan vé truyén thong vo
tuyén, hé thbng MIMO, k§ thuat lua chon dng-ten phép, cac ki thuat phan tap thu,

nhitng ndi dung co ban vé truyén thdng goi tin ngan.

Chwong 2: MO HINH HE THONG

2.1. M hinh hé thong don ching véi truyén thong géi tin ngin
2.1.1. M6 hinh kénh truyén

h
S SD { D

Hinh 2.1: M6 hinh nghién ctru ctia hé thong don ching voi truyén théng géi tin ngan [A1].

Trong Hinh 2.1, chling ta xem xét mot hé théng don ching trong thdng tin vo
tuyén (truyén thdng) goi tin ngan, trong d6 c6 mdt nit ngudn (Source: S) mudn truyén
dir liéu dén mot nut dich (Destination: D). Gia sir rang cac ndt S va D la céc thiét bi
vo tuyén don ang-ten.

Xem xét qua trinh truyén dit liéu tai mot khe thoi gian bat ky. Pat hy, 1a hé sb
kénh truyén va 7, 1a do loi kénh truyén ctia nat nguon S dén nut dich D. Chiing t6i
cling gia st rang kénh lién két S-D 1a pha-dinh Rayleigh khdi phang, co nghia rang
khong thay d6i trong mot khe thoi gian nhung thay doi doc lap giita cac khe thoi gian
khac nhau. D6 lgi kénh truyén ye =|hy|*, 12 bién ngdu nhién (Random Variable:
RV) ¢6 phan b ham mii vai ham phan bé tich Iy (Cumulative Distribution Function:

CDF) va ham mat do xac suét (Probability Density Function: PDF) dugc cho boi

F.. (x) =1-exp(—AgpX), f (X) = A exp(—AspX), (2.1)
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V6i Ay, 1a tham so cua bién ngau nhién 5, cuthé A, =1/E{ys} va E{.} latoan
tir ky vong thong Ke.
Xét qua trinh truyén dit liéu tir ngudn S dén dich D, tin hiéu thu duoc tai D 1a
Yo =/PohpX + 15, (22)
& day, X, 1a xac dinh 1a dit liéu cua S, Ps 1a cong suat phat cua S, np la nhiéu cong co
phan b4 Gauss (Additive White Gaussian Noise: AWGN) tai D, c6 trung binh bing
0 va phuong sai No.

Ti s6 tin hiéu trén nhiéu (Signal-to-Noise Ratio: SNR) tirc thoi tai nit dich 1a

g, =By, (2.3)

No - SD?
v6i A=P, /N, lati s SNR phat.

Ap dung (2.1), ta c6 ham CDF cua ¥, la

Fo, (X)=Pr(Ayep <x) = Pr(ySD < %j =1—exp(—% x). (2.4)

2.1.2. Phédn tich hiéu nang

Phan nay, ching ta str dung thdng s6 ti 18 15i khdi & dang chinh xac dé tién
hanh danh gia hiéu nang ctia hé thong.

Mot trong nhitng thdng sb quan trong nhat dé danh gia mot hé théng vo tuyén
la ti 1¢ 15i khéi (Block Error Rate: BLER) trung binh. Ti 1& 18i khéi trung binh duoc
dinh nghia 13 x4c suat 13i cua cac khéi tin khi truyén (khéi tin 12 nhitng goi tin trong
ché do ma hoa chiéu dai khéi hitu han s& ma hoa goi tin thanh cac khéi tin dé truyén
di). Xem xét chiéu dai khéi tin k trong hé thong truyén thong st dung ché ¢6 ma hoé
chiéu dai khéi hitu han. Hai théng s6 BLER va k 1 hai théng sé quan trong ma trong
dé an sé tap trung phan tich va danh gia.

MGéi twong quan giita BER va BLER: Ti 1¢ 15i bit (Bit Error Rate: BER) do xac
suat 161 trén timg bit, con ti 18 16i khéi (BLER) do x4c suét 161 cua ca khéi tin. Véi
mot khéi gom L bit va gia thiét cac 16i bit doc 1ap, quan hé giira chiing 1a BLER = 1
— (1 — BER)L = L-BER (khi BER nhé). Vi du, véi khéi L = 256 bit va BER = 10°* thi
BLER ~ 1 — (1 — 10%)5 = 2,56x10%; néu BER = 106 thi BLER = 2,56x 104, C6 thé
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thdy BLER luén 16n hon BER va ting theo d6 dai khdi, nén voi ciing mot yéu cau do
tin cay & muc khéi (vi du BLER < 10-* cho uRLLC), khéi cang dai cang doi hoi BER
(hay SNR) thap hon. Luu ¥ cong thiic trén chi ding cho hé thdng khong ma hoa véi
161 bit doc 1ap; trong hé thdng c6 ma hoa kénh do dai khéi hiru han (nhu xét trong dé
an), quan h¢ BER-BLER khong con & dang don gian ma dugc ddc trung qua ham Q
cua do phan tan kénh nhu ¢ (2.5). Du vay, xu huong chung dugc bdo toan: SNR tang
lam ca BER va BLER cung giam.

Gia st rang k 1a tong chiéu dai cua khéi tin, nhu di dé cap & trén, da gia sir
rang st dung kénh truyén 1a pha-dinh khoi phang, ¢6 hé s6 kénh truyén cb dinh trong

mdi khéi va chiing s& c6 sy thay doi doc lap gitta cac khbi véi nhau. Khi S truyén g
bit thong tin, thi tdc do ma héa cita he théng 1a r =4 .
Chiéu dai khdi tin y8u cau t6i thieu 14 100 [14]. Goi C(x) =log, (1+ x) ladung

(2x+x*)log, (e)’
(1+x)’

lvong chuan hoa kénh truyén Shannon va V (x) = la ham phan

tan kénh truyén, duoc dinh nghia trong [3]. Theo bai b4o caa Wei Yang va cong su
[15] d4 tim dugc cong thuc lién hé gitra ti 18 16i khdi va toe do trén mdi khe thoi gian
& kénh pha dinh tinh. Do d6, ti 1¢ 16i kh6i (BLER) trung binh duoc tinh nhu sau:

— C(¥y)-r
=E ——— |7, 2.5
Ex Wy Q[ (\PX)/k ( )

véi ¢, latile 16i khéiva Q(x J' exp(—— dx laham Q(.) function.

Tir (2.5), ti 16 khdi trung binh c6 thé duoc tinh nhu sau:

0

= Jo| Gty o

vé6i f, (x) 1a ham mét d¢ xéac suat cia bién ngau nhién X. Do tich phan trong (2.6)

(2.6)

khong ton tai dang déng do su phirc tap caa ham Q () va d6i s6. Dé tinh toan (2.6),
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ta st dung xép xi ctia ham Q(.), ta biéu dién lai ham Q(.) nhu cong thic (14) clia

tai liéu [14], cu thé Q CM)-r ~Z(¥y), Véi
(W, )/k
1, Y. <p
Z(¥,)=105-0Jk (¥, -0), p,<¥,<p,, (2.7)
0, Yy 2 p,

trongdév—; o= 0, = 1 va 0=2"-1.
222 -1 2\/_ 2 20k

Thay thé (2.7) vao (2.6), ta co:

Ex ® J.Z(\Px)fwx (X)dx - IZ (\PX)dF‘Px (X)

:: B T Fo, (X)dZ (\Px) (2.8)

Thay (2.4) vao (2.8), ta cé ti I¢ 16i khéi dang chinh x4c dugc tinh nhu sau:

x~U\/_IF x)dx = u\/_f{l exp( s ﬂdx

=k | dx—u«/?fexp(—%xjdx

P2

Bl afala] o
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2.2. M6 hinh h¢ théng MIMO TAS/SC véi truyén thong goi tin ngin
2.2.1. Mé hinh kénh truyén

Hinh 2.2: M6 hinh hé théng MIMO TAS/SC trong truyén géi tin ngan [A2].

Trong phan nay, ching ta nghién ctu mé hinh hé théng MIMO TAS/SC trong
truyén goi tin ngan nhu duoc thé hién trong Hinh 2.2, trong d6 mot tram gbc (Base
Station: BS) duoc trang bi N, ang-ten muén truyén dir ligu dén mot nguoi dung
(User: US) c6 Ng dng-ten trén kénh truyén pha-dinh Rayleigh. Trong mdi khe thoi
gian, BS str dung k¥ thuat lya chon ang-ten phat (Transmit Antenna Selection: TAS)
t6t nhat cia minh dé truyén géi tin dén US va dé nang cao chat luong tin hiéu thu thi
US sir dung k§y thuat két hop c6 lua chon (Selection Combining: SC). Trong d6 ky
hiéu y, , 1a d6 loi kénh truyén giira ang-ten phat thir n ciia BS va ang-ten thu thir m
cua US, véi (n=1..,N,) va (m=1,..,N,), twong tng. Gid s rang tat ca cac kénh
truyén 1a pha-dinh trong khéi phang, chung doc lap va dugc phan bd déng nhat
(Independent and Identically Distributed: i.i.d), c6 nghia 1a tit ca ching khong d6i
trong mot khe thoi gian nhung giira cac khe thoi gian khac nhau c6 su thay doi doc
ap. Do d6, d¢ loi kénh truyén y, , 1a bién ngau nhién phan bo ham mi, véi tham s6
dic trung Q, s, ham phan b tich lity (CDF) va ham mat d6 xac suat (PDF) caa bién

ngau nhién y, . duoc xac dinh la.

F, (X)=1-exp(—Quex), f, (X)=Qusexp(~QysX), (2.10)

Ynm

v6i Qs =1/E{y, .} va E{} latoan tu ky vong.
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Gia st BS sir dung ang-ten phat thir n dé truyén géi tin dén US, ti sé tin hiéu
trén nhiéu (SNR) tirc thoi nhan duoc tai ang-ten thu thir m cia US duoc cho la

P
_ Syn,m :A]/

nm n,m?
NO

N7 (2.11)

v6i P, la cong suat ciia BS, A=P,/N, 1a SNR phat, N, 1a phuong sai cia nhiéu
Gauss trang cong (AWGN) tai US.

Khi BS str dung ky thuat TAS dé truyén dir liéu, trong tap N, ang-ten, khi do
BS Iya chon ang-ten c6 chi s6 tét nhat va US st dung ky thuat SC nham két hop tat
ca céc tin hiéu thu tai US dé chon lién két ¢ SNR I6n nhat dé giai ma di liéu. Ky
thuat TAS/SC dugc miéu ta nhu sau:

ab:y,,= max max (y,.) (2.12)

n=1,2,...Ny m=12,...Ng
trong d6, a va b lan luot & chi s6 dng-ten dugc lua chon tai BS va US, voi

ae{l,Z,..., NA} vab 6{1,2,..., NB}.

Tiéu chi lya chon dng-ten phat (TAS): Trong mdi khe thoi gian, BS chi kich
hoat mot Ang-ten phat duy nhét d6 1a dng-ten cho ti sd tin hiéu trén nhidu (SNR) thu
16n nhat tai US. Cu thé, cdp chi s6 dng-ten phét a (tai BS) va dng-ten thu b (tai US)
dugc chon theo tiéu chi cuc dai do loi kénh (a,b) = argmaxnm |ham[%, nhu thé hién ¢
(2.12). Nho @6 chi cAn mot chudi cao tan (RF chain) & phia phat, giam chi phi va d6
phtic tap phén cung nhung van khai thac duoc do loi phan tap bac Na-Ng cua hé¢
théng MIMO. Tiéu chi nay doi hoi BS biét thong tin trang thai kénh (CSI) dé chon
ang-ten, thudng thong qua phan hdi tir US.

Vay nén, SNR dau ra ctua b két hop duoc xac dinh 1a:

P
y,, = s/ ab =Ay,, =A max { max (7n,m)}, (2.13)

|\|O n=12,..,N, (m=1,2,..,Ng

Ham CDF cua ¥, dugc tinh nhu sau:
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F\Uavb(x):Pr(A max { max (;/n’m)}<x)

n=1,2,..N, |m=12,...Ng

X
= Pr(n_mﬁf(NA {m_rﬂ?).,(ws (om )} < Z] (2.14)

NaNg
= {1— exp(—QUS %H :

Thuc hién khai trién nhi thicc Newton, ham CDF trong (2.14) duoc viét lai 1a:

NANB
Fy,, (X) = {1—eXp(——stxﬂ

NANg
=1+ Z (—1)tCﬁIANB exp(—tQAUSXj.

t=1

(2.15)

v6i Cy . =(N,Ng )V tI(N,N, —t)! 1a hé s6 nhi thirc.
2.2.2. Phén tich hiéu nang

Tuong tu nhu Muc 2.1.2, trong Phan nay, chiing ta s dung théng s6 ti 18 15i
khdi (BLER) trung binh dang chinh xac dé danh gia hiéu ning hé théng MIMO str
dung giao thiec TAS/SC.

Gia str rang k 1a téng chiéu dai khéi tin, nhu da dé cap & trén va gia st rang
kénh truyén 1a pha-dinh khdi tinh, trong mdi khdi c6 hé s kénh truyén ¢ dinh va
chung s& thay doi doc 1ap giita cac khdi. Khi BS truyén p bit thong tin, thi tdc d6 ma
hoa ciia hé thong la

r=pA/k. (2.16)

Tuong ty nhu trén, chiéu dai khéi tin duoc yéu cau tbi thiéu 1a 100. Goi

C(x)=log,(1+x) la dung luong chuan hdéa kénh truyén Shannon va
(2x+ xz)log2 (e)’

V(%)= ) la ham phan tan kénh truyén. Do do, ti 1¢ 15i khdi (BLER)
1+Xx

trung binh dugc tinh nhu sau:

( X)—r
~E, {0 L) , 2.17
8)( \{/X [ ( X)/k} ( )



27

£ 2
Véi &, latil¢ 13i khoiva Q(x) = | ; (—X?de la ham Q(.) function.
X 7Z'

Tir (2.17), ti I& khi trung binh ¢é thé duoc tinh 1

O'—.S

f., (x)dx, (2.18)
ool ).
voi f, (X) 12 ham mat do x4c suat cia bién ngau nhién X.

Tich phan trong (2.18) khong ton tai dang déng do su phuc tap ciia ham Q(.)

va di s0. D¢ tinh (2.18), ta st dung xap xi cua ham Q(.), ta biu dién lai ham Q(.)

tuwong tu nhu trén, cy thé 1a Q C(T—w ~Z(¥y), Voi
(¥x)/k
1 Yy<p
Z(¥y)=105-0vk (¥ —0), p<¥,<p,, (2.19)
0, Yy 2 p,

Vo D= =21, p=0—— 1 v =04
N P ook 20k

Thay thé (2.19) vao (2.18), ta co:

v<0 ‘Twa (x)dZ (W) (2.20)

Thay (2.15) vao (2.20), ta c6 BLER trung binh dang chinh xac duoc cho la
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— g’ "Nells t ot tQ X
g ~ ok | {1+ > (-1)Cyy, exp(— s ﬂdx
2 t=1
P2 NANg ot P2 thUSX
=k [ dx+ovk Y (-1)Cyy, [exp| - U5 Jdx
PL =1 PL
NaNg L
P2 U\/EA Z:: (_1) CNANB tQ, X F2
= ok X[ - =L exp| ——2—
A tQ, A )],
NANg
ka ) (-1)C!
=o'k (p —p)—N— ;( [ exp(—muspj—exp(—m”spj
2 1 tgzus Z& 2 Z& 1

NaNg

ka Y (-1)ct
i ok ; (1) Cy,n, exp(—tQUS ; )—exp(—mus ,Oj | 221)
Q6 AT A

2.3. Két luan Chuong 2

=1

Chuong 2 di trinh bay nhitng md hinh mang truyén géi tin ngan trong ca mang
vO tuyén thong thuong va mang vo tuyén két hop lya chon ang-ten phét (TAS) va
phan tap thu stir dung bd két hop c6 lya chon (SC). Sir dung k§y thuat chon hra dng-
ten phat 1a mot bién phap hiéu qua dé nang cao hiéu ning trong mang théng tin vo
tuyén sir dung truyén goi tin ngan. Hé sb kénh truyén véi cac gia tri xac dinh, tai BS
c6 thé chon duoc ang-ten phat tot nhat dé phuc vu cho qué trinh phét va tai US lya
chon ang-ten thu tét nhat dé két hop cac tin hiéu nhan dugc. Cung vai sy két hop
dong thoi cua ca ky thuat TAS va SC trong hé théng MIMO, s& nang cao hiéu qua
truyén tin, giam ti & 15i khéi (BLER) trung binh, cai thién do tin cay va giam do tré
cua hé théng. Hon nita trong Chuong 2, dd dua ra cac biéu thirc cua ti s6 tin hiéu trén
nhiéu cho cdc mé hinh dugc khao sat va dua ra biéu thirc dang tudng minh cua ti ¢
15i khdi (BLER) trung binh trong cac hé thong xem xét. Trong chuong tiép theo, cac
két qua md phong Monte-Carlo dugc tién hanh va phan tich dé kiém chiing va so

sanh két qua véi ly thuyét da phan tich.
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Chuong 3: MO PHONG VA PANH GIA KET QUA

Chuong nay, v6i cac md phong Monte Carlo s& duoc tién hanh trén phin mém
Matlab R2021b, nham so sanh cac két qua da phan tich trén 1y thuyét dugc trinh bay
tai Chuong 2. Trong tit ca cdc md phong Monte Carlo, sé lwong phép thir s& duoc
thue hién dé xac dinh gid tri cua ti 16 161 khéi trung binh 1a 5*10°.

Cin ctr lya chon do dai khéi tin va cac tham s mo phong: Cac gia tri do dai
khéi tin dugc khao sat (dién hinh k = 128, 256, 512 lan sir dung kénh) dugc lua chon
dua trén dic diém cua ché d6 truyén goi tin ngan va cac khuyén nghi thuc té. Thi
nhat, 1y thuyét d6 dai khdi hitu han [3] va xap xi trong [14] chi chinh x4c khi k > 100,
ddng thoi gbi tin ngan nam trong vung k < 1000; do d6 khoang 128 + 512 nim tron
trong ving g6i ngan. Tht hai, cic ban tin diéu khién/cam bién trong uRLLC va
mMTC theo 3GPP thuong c6 tai tin ¢& 32 byte (= 256 bit), nén do dai khdi vai trim
ky hiéu la phu hop vai kich thude goi thuc té. Thir ba, cac gia tri 128, 256, 512 1a liy
thira cuia 2, thuan tién cho cac bo ma kénh thuc té (ma Polar va LDPC trong 5G NR
hd tro kich thude khdi dang liy thira 2), dong thoi tao bude nhay da 16n dé quan sat
rd anh huong cua k 1én BLER.

Céc tham s6 mo phong khac duoc thiét 1ap nhu sau: sé phép thir Monte Carlo
14 5%10% nham bao dam d6 tin cay thong ké khi uéc luong BLER t6i ¢& 107%; tham sb
dic trung kénh p dugc chuan hoa (dic trung cho d6 loi kénh trung binh) va duoc thay
d6i dé khao sat anh huong cia chat luong kénh; s6 ang-ten Na, Ng 1ay cac gia tri nho
(1,2, 3, 4) phan anh cau hinh MIMO kha thi vé chi phi va kich thudc cho thiét bi IoT;
dai SNR phat dugc quét da rong dé thé hién ca ving SNR thap, ving chuyén tiép

(waterfall) va vung béo hoa ciia BLER.
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3.1. M6 phéng va danh gia két qua hé thong don ching sir dung truyén goi

tin ngan

1%\/ @ N>, T T T T
Q)
0.9 ]
0.8 .
0.7 .
0.6 ]
o
Wos .
m
0.4 .
0.3 ]
0.2 " .
MO PHONG (k=128)
MO PHONG (k=256)
01 MO PHONG (k=512)
LY THUYET
0 1 | 1 1 1 1 I
0 2 4 6 8 10 12 14

A (dB)

Hinh 3.1: BLER v& theo A (dB) khi A, =1va g =512.

Hinh 3.1 trinh bay ti 1& 15i khdi (BLER) theo su thay doi ciia SNR phét A (dB)
va theo cac gia tri khac nhau cua chiéu dai khdi tin, cu thé: k =128, k = 256, k =512.
Tham s6 duoc ¢b dinh & day 1a A, =1 va B =512. Nhin biéu d6 mé hinh trén ta thy,
khi SNR tang, hiéu ning BLER trong md hinh s& cang giam xudéng. Bong thoi ta thay
BLER cang giam rd rang néu ta ting gié tri cia chiéu dai khdi tin k. Ta thdy rang néu
chiéu dai khéi tin k duoc xac dinh 14 cang tang cang t6t, tuy nhién muc tiéu cua truyén
thdng goi tin ngan, lai xac dinh rang do tré trong qua trinh truyén s& duoc giam xuéng

khi d6 dai khdi gi tin cang ngan cang cang tét. Vi vay, ta phai xem xét dya vao yéu cau
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chit lugng mé hinh dich vu cu thé nhu thé nao dé c6 su lva chon viéc ting hay giam gia
tri k sa0 cho céch phl hop dé bao dam phat huy duoc wu diém, han ché nhuoc diém.
Anh hudng ctia SNR t6i BLER: Cac d6 thi cho thdy BLER 13 ham don diéu giam
theo SNR phat. V& mit giai tich, khi SNR v ting thi dung luong C = logx(1+y) ting, lam
d6i s6 (C — R)-\[k/V cia him Q & (2.5) tang, do d6 BLER = Q(") giam. Pudng cong
BLER-SNR c6 ba ving dic trung: (i) ving SNR thap, khi R > C, BLER tién gin 0,5 (gan
nhu ludn 16i); (i) ving chuyén tiép “thac nudc” (waterfall), khi SNR vuot ngudng R ~ C,
BLER giam rat nhanh theo mdi dB ting thém; (iii) ving SNR cao, BLER bao hoa va tién
vé 0. o ddc duong cong & ving thac nude (trén truc log) ti 16 v6i bac phan tap ctia hé
thong, véi md hinh MIMO TAS/SC, bac phan tap 1a Na-Ns, nén ting s6 ang-ten s& lam
dudng BLER dbc hon va dich sang trai (dat cing mitc BLER & SNR thap hon). Néi cach
khac, mdi vai dB cai thién SNR c¢6 thé giam BLER di nhiéu bac do 16n; day 13 co s¢ dé

chon muic cong suét phat phit hop véi yéu cau do tin cy ciia timg tng dung.

1 T T T T T T

O MO PHONG (Agp=1)

09 r MO PHONG (Ag,=15)| |
MO PHONG (Agp=2)

0.8 LY THUYET 7

A (dB)

Hinh 3.2: BLER vé theo A (dB) khi k =512 va g =512.
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Trong Hinh 3.2, chiing ta tiép tuc thé hién hiéu ning BLER nhu mét ham cua A
(dB) khi thay doi cac gia tri khac nhau vai céc théng sé dic trung cua kénh truyén dir
lidu, cuthé do1a: Ay =1, A, =1.5, Ay, =2, thiét lap cac tham s6 k =512 va g =512,
Hinh v& thé hién rang, BLER ting khi A, ting, boi vi khi A, tang thi chét luong cua
kénh dir liéu giam. Ngoai ra, tuong tuw nhu Hinh 3.1, BLER giam khi SNR phat tang.

Tuong tu nhu Hinh 3.2, trong Hinh 3.3 tiép tuc biéu dién BLER theo A (dB),
thay doi cac gia tri khac nhau cua sb bit théng tin =128, 8 =256, S =512, c4c
tham sb duoc ¢b dinh 1a: A, =1 va k =512. Hiéu ning BLER thip hon khi gia tri
clia s6 bit thong tin B giam, c6 nghia rang tc d6 ma hoa ctia hé théng giam. Do dé,

xéc suat 15i hé thong s& anh huong dang ké dén hiéu qua cho viéc truyén tin.

1 T T T T T T

O MO PHONG (5=128)
0.9 MO PHONG (3=256) 7
MO PHONG (5=512)
LY THUYET
08 F =
0.7 |
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o O

S
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Hinh 3.3: BLER vé theo A (dB) khi A =1 va k =512,
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Hinh 3.4 v& BLER theo chiéu dai khdi tin k khi ¢6 dinh cac tham s6 A =15 (dB)
va 8 =512. Nhu thé hién trong hinh v&, cac thong sd dac trung ciia kénh truyén (Aso)
cd tac dong 16n dén hiéu nang BLER va khi thong s dic trung cua kénh truyén dir liéu
tang thi gi4 tri BLER ting. Hon nita, nhu ta c6 thé quan sat rang néu do dai cua khoi
tin k cang tang thi BLER cang giam nhanh. Tuy nhién, diéu nay 1a khdng mong muén,
do muc tiéu cua truyén goi tin ngan 1a géi tin cang ngan cang tét, vi khi do do tré trong
qua trinh truyén s& giam. Vay nén, tly thudc vao yéu cau cu thé dé chang ta thiét ké hé

thdng sao cho hiéu ning tt ma van bao dam chét luong dich vu khi truyén.

1 T T T T T T

0.9 O MO PHONG (Agp=1) |
MO PHONG (Ag,=1.5)
08 MO PHONG (\gp=2) h
LY THUYET
0.7 F =
0.6 F =
i
Los5fF .
m
0.4 F 8
03F =
02F |
0.1F 8
S
—=
0 | | | I i N % A% —q)

100 200 300 400 500 600 700 800 900 1000
Blocklength (k)

Hinh 3.4: BLER vé theo k khi A=15(dB) va S =512.
Hinh 3.5, hiéu ning BLER tiép tuc duoc khao sét theo chiéu dai khéi tin k khi
thay d6i cac mirc cong suat phat khac nhau A = (5, 10, 15)dB, trong d6 cac tham s6

duoc cai dat 1a A, =1 va B =512. Nhu c6 thé quan sat trong hinh v& nay, gié tri ciia
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BLER giam nhanh khi ting SNR phat. Chung ta c6 thé nhdn thiy ring trong tit ca
cac trudng hop khi SNR phat ting 1én thi hiéu ning cua hé théng s& duogc cai thién
dang ké. Tuy nhién, viéc ting cong phat phai & mirc do phu hop, vi khi cong suat phat
qua 16n s& xay ra hién twong nhidu dong kénh trong mang va tiéu ton ning lugng cia
hé thdng. Tuong tu nhu Hinh 3.4, khi d6 dai cua khdi tin k ting 1én thi hiéu ning
BLER cua hé théng s& tt hon. Do vy, chung ta cin lya chon murc cong suat phat va

d6 dai khéi tin phut hop dé dap tng theo yéu cau thiét ké cta hé thong cu thé.

1@ T T T T T T
0o O MO PHONG (A(dB)=5) |
' MO PHONG (A(dB)=10)
sl MO PHONG (A (dB)=15)
' K LY THUYET

BLER

0 1 1 1 1 1 | 1 *[‘

100 200 300 400 500 600 700 800 900 1000
Blocklength (k)

Hinh 3.5: BLER v& theo k khi A4, =1va g =512.

Hinh 3.6, ching ta xem xét anh huoéng cua s6 lwong bit thdng tin
(=256, 512, 1024) dén hi¢u nang BLER theo chiéu dai khdi tin k va cac tham so
duogc cb dinh 1a: A=15(dB) va A, =1. Quan sat tir hinh vé ta thay rang, néu s6 lugng
bit thong tin truyén cang 1on thi BLER s& ting nhanh. Tuong tu nhu ¢ Hinh 3.5, d6
dai cua khdi tin k cang ting thi BLER cua hé thong cang giam.
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Cubi cung, ching ta d& dang nhan thiy rang trong tit ca cac hinh v& tir Hinh
3.1 dén Hinh 3.6, cac két qua ly thuyét va két qua mé phong hoan toan triing khéop véi
nhau, diéu nay chirng minh sy chinh xéac caia két qua phan tich ly thuyét cua Phan 2.1.2

trong Chuong 2 la hoan toan chinh xac.

1 T T T T T T

09 L O MO PHONG (3=256) |
MO PHONG (5=512)
MO PHONG (5=1024)

0.8 LY THUYET
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Hinh 3.6: BLER vé theo k khi A=15(dB) va A =1.
3.2. Md phéng va danh gia két qua hé théng MIMO TAS/SC sir dung
truyén goi tin ngan
Hinh 3.7 thé hién ti 1¢ 15i khdi (BLER) trung binh nhu mot ham cua SNR phéat
A (dB) va thay ddi céc gia tri cua chiéu dai khdi tin, cu thé:
k =300, k=500, k=700. Cac tham s6 khac duwgc c& dinh nhu sau:
N, =2, N; =3, =512 va Q; =1. Nhu ta c6 thé quan sat tir hinh vé& nay, khi SNR
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tang dén khoang I6n hon 6 dB, hiéu ning BLER tién gan dén gia tri 0. Ching ta c6
thé nhan thay rang khi chiéu dai cua khéi tin k tang thi BLER cang giam. Luu y rang
tai ciing mirc cong suat phat, chiéu dai cua khéi tin k cang tang thi BLER cang giam,
trong khi muc tiéu cua truyén gai tin ngan 1a d6 dai khdi tin k cang ngén cang tét, do
diéu nay s& giam do tré cuia qué trinh truyén dan. Do do, tiy thudc vao mic cong suat
phat, ludn ton tai sy danh doi giita hiéu ning hé thdng va do tré. Do d6, ta phai xem
xét kha ning cua viéc ting hoic giam gié tri cua k mot cach phu hop dé dap tng cac

y&u cau vé chat luong dich vu cu thé.

16

T T T T T
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Hinh 3.7: BLER v& dua vao A (dB) khi N, =2, Ny =3, #=512 va Q =1.
Trong Hinh 3.8, tiép tuc trinh bay BLER theo A (dB), thay déi cac gié tri khac
nhau cua s6 lugng ang-ten tai nguoi dung US, nhu sau: Ng =1, Ny =3, N =5, céac
tham sb khac dugc thiét 1ap cu thé: k =512, =512, N, =2 va Q, , =1. Tai clng

muc cOng suat phat, gia tri BLER cua hé thdng thip hon khi ting sb lwong dng-ten
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thu tai US (N, =5), diéu nay thé hién uu diém cla viéc mdy thu st dung k¥ thuat
két hop phan tap SC so véi trudong hop may thu khong st dung SC (NB = 1). Tuong
ty, nhu Hinh 3.7, BLER giam khi ting SNR phat tai tram goc BS va khi k¥ thuat SC
dugc sir dung, tai muc céng sudt phat A >4(dB), BLER tién vé 0, bat ké ting sd
lugong ang-ten thu tai US.

T T T T

O MO PHONG (Ng=1)
MO PHONG (N, =3)
MO PHONG (N, =5)
LY THUYET

BLER

Hinh 3.8: BLER vé& dua vao A (dB) khi k=512, =512, N, =2 va Q =1.
Tuong tu nhu trong Hinh 3.8, trong Hinh 3.9, ching ta tiép tuc thé hién hiéu
nang BLER nhu mot ham ciia A (dB) khi thay d6i cac gia tri khac nhau cua sb lugng
ang-ten phat tai tram goc BS, nhu sau: N, =1, N, =3, N, =5, cac tham s6 khac
dugc cai dit nhu sau: k=512, f#=512, N; =1 va Q; =1. Quan sat tir hinh v& ta
thay rang, khi SNR ting thi BLER giam va khi BS khong lwa chon ang-ten (N A= 1)

so sanh vai truong hop BS st dung k¥ thuat lua chon ang-ten phat, chung ta tang sb
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luong dng-ten duoc trang bi tai BS (N, =3) va (N, =5) thi hiéu ning h¢ thong tét

hon, di€u nay thé hién uu diém cua viéc lya chon ang-ten phat. Hon nira, khi BS st

dung TAS, tai mién SNR trung binh (A =8 dB), BLER tién téi bdo hoa vé gia tri 0

khi ting s6 lwong dng-ten tai tram géc.
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Hinh 3.9: BLER dya vao A (dB) khi k=512, =512, N; =1va Q =1.
Hinh 3.10 v& BLER theo chiéu dai khéi tin k khi c6 dinh cac tham sé khéc:
A=-5dB,N, =3, N, =3 va f=256. Nhu thé hién trong hinh v& nay, thong s6
ddc trung cua kénh truyén (¢ ) ¢0 4nh hudng 16n dén hiéu ndng BLER va khi thong
s6 dic trung kénh truyén dir lidu ting thi chat lugng kénh truyén giam, do do6 gia tri
BLER ting. Hon nira, nhu ta c6 thé quan sét tir hinh v& rang néu chiéu dai caa khéi
tin k cang tang thi BLER cang giam nhanh. Tuy nhién, do c4c hé théng théng tin bi

rang budc vé thoi gian tré, nén diéu nay 1a khéng mong muén, chiing ta mong mudn
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g6i tin cang ngan cang tét, vi khi d6 s& giam do tré trong qua trinh truyén. Vay nén,
lubn ton tai sy danh doi gitra do tin cay va thoi gian tré caa hé théng, hé théng co do
tin cay cang cao thi thoi gian truyén cang Ion. Vay nén, tiy thudc vao yéu cau cu thé
dé chang ta thiét ké hé thong sao cho thai gian truyén dan nhanh ma van bao dam yéu

cau cua chat luong dich vu.
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Hinh 3.10: BLER V& theo d6 dai khdi tin k khi A=-5dB, N, =3, N, =3 va
3 = 256.

Trong Hinh 3.11, thé hién hiéu ning BLER nhu mot ham cua do dai khéi tin k
va thay d6i céc gia tri khac nhau cua s6 luong ang-ten phat tai tram géc BS
(Na=1 Ny=3 N,=5), cac tham sé khac duoc thiét 1ap nhu sau:
A=-5dB, N, =3, f=256 va Q,, =1. Quan sat tir hinh v& nay ta thay riang, khi

chiéu dai khdi tin k cang ting thi BLER giam nhanh. Tuong ty nhu trong Hinh 3.9,
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khi BS str dung k§y thuat TAS thi BLER cang giam va BLER b&o hoa vé 0 khi chiéu
dai khéi tin k >800.
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Hinh 3.11: BLER v& theo d6 dai khéi tink khi A =-5dB, N =3, f=256 va Q, =1.

Hinh 3.12, tiép tuc khao sat BLER theo chiéu dai khéi tin k va thay d6i 6 luong
dng-ten thu tai nguoi ding US (Ng =1, Ng =3, Ny =5), cac tham sb dugc thiét Iap
nhu sau: A=-5dB, N, =3, =256 va Q,, =1. Ta d& dang nhan thiy rang, khi ting
sb lugng Ang-ten tai US tir gid tri (N, =1), twong tng véi truong hop k§ thuat SC khdng
dugc ap dung, dén giatri (N, =3) va (N, =5), gid tri BLER giam rd rét, diéu nay thé

hién wu diém cua viéc sir dung bo két hop SC khi ting sé ang-ten tai US. Tuong tu, néu
d6 dai cuia khéi tin k cang 16n thi BLER giam nhanh, nén ta phai lya chon chiéu dai goi

tin phu hop dé bao dam chét lwong dich vu va thoi gian truyén dan.
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Hinh 3.12: BLER vé theo d6 dai khéi tin k khi A=-5dB,N, =3, #=256 va
Q =1.

Hinh 3.13, ching ta xem xét tac dong cua sé luong bit théng tin
(B=128, 256, 512) dén hiéu ning BLER theo chiéu dai khdi tin k va cac tham so
khéc duoc thiét 1ap nhu sau: A=-5dB, N, =3, N, =3 va Q¢ =1. Quan sét tir hinh
V& nay ta nhan thay rang, néu sé luong bit truyén cang 16n (tbc do6 truyén dan ting)
thi gi4 tri BLER ting nhanh. Tuong tu nhu trong Hinh 3.10, d6 dai cua khdi tin k
cang 16n (tbc do truyén dan giam) thi BLER cua hé théng cang giam.

Tuong ty, chling ta thay rang tat ca cac hinh vé tir Hinh 3.7 dén Hinh 3.13, céc
két qua ly thuyét va két qua md phong hoan toan triing khép voi nhau, didu ndy ching

minh tinh déing dan cua két qua phan tich Iy thuyét trong Phan 2.2.2 caa Chuong 2.
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Hinh 3.13: BLER V& theo d¢ dai khéi tink khi A=—-5dB, N, =3, N, =3 va Q  =1.

3.3. Tong hop nguwdng SNR va khuyén nghi irng dung

Trén co so cac két qua md phong tir Hinh 3.1 dén Hinh 3.13, Bang 3.1 tong
hop ngudng SNR phat can thiét dé dat cac mirc ti 18 15i khéi tiéu biéu (BLER = 1073
va BLER = 10-%) ciing khuyén nghi nhém tng dung twong tmg. Cac mic BLER dugc
chon theo yéu ciu dién hinh: mMTC/IoT thudng chap nhan BLER ~ 102 + 1073,
trong khi uRLLC yéu cau BLER < 1075
Bang 3.1: Ngudng SNR phat va khuyén nghi ing dung theo ciu hinh hé thong.

=3+4(Hinh39,311)

Cau hinh hé thong | SNR dé BLER =10 | SNR dé BLER =105 | Nhém trng dung
khuyén nghi

Pon chang, k = 128 ~12+14dB ~18+20dB mMTC, 10T chiu tré,

(Hinh 3.1-3.6) thu thap dit liéu

Pon ching, k =256+ | ~8+ 10 dB ~ 12+ 14 dB mMTC, cam bién

512 cong nghiép

MIMO TAS/SC,Na= | ~3+4dB ~ 6 dB uRLLC mirc nhe, diéu

Ng = 2 (Hinh 3.7-3.8) khién thoi gian thyc

MIMO TAS/SC,Na=Ng | ~ 0+ 2 dB ~3+4dB uRLLC, ty dong hoa

cong nghiép, oV

Khong phéan tap, Na =
NB5:1

~+8 + 10 dB so vii
c6 TAS/SC

chi tmg dung khi chiu
16i cao
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Lueu y: Nguwong SNR trong Bang 3.1 dwge wée heong xdp xi tiv cde dong cong
mé phong; can doi chiéu va hiéu chinh theo gid tri doc truec tiép trén cac Hinh 3.1 +
3.13 ciia ban mé phéng goéc. Nhin chung, viée dimg ky thudt TAS/SC va ting so dng-
ten gitip gidm ddng ké nguong SNR yéu cdu, cho phép dap iing cdc iing dung do tin
cdy cao (uRLLC) & mikc ¢éng sudt phdt thdp.
3.4. Két luan Chuwong 3

Trong Chuong ndy, da dé xuat va phan tich hiéu niang cua hé théng vo tuyén
don ching va mang vo tuyén MIMO TAS/SC duong xudng st dung truyén goi tin
ngan. Cu thé, hiéu ning ctia cic mo hinh dé xuat dugc phan tich dya vao ti I¢ 16i khoi
trung binh dang tudng minh dugc dua ra, dya vao viéc tinh toan trén kénh truyén pha-
dinh Rayleigh va cac mo phong may tinh dé kiém chiing. Cac két qua da thé hién rang,
viéc chon lya muac cdng suat phat, thiét ké chiéu dai khéi tin k, st dung sé luong bit
thong tin £, toc d6 ma hda r va sb lugng ang-ten tai nguoi dung US nén duoc thiét
ké mot cach phi hop, tly thudc vao cac yéu cau chat lugng dich vu cu thé dé bao dam
hé théng hoat dong hiéu qua. Hon nira, cac két qua phan tich va md phong da chi ra
uu diém caa hé thong MIMO véi ky thuat TAS & phia phét va bo thu SC & may thu
cd thé cai thién dang ké hiéu nang hé théng st dung SPC, bao dam d6 tré truyén dan
thap. Ngoai ra, véi nhitng tham s dic trung ctiia kénh truyén dit lidu ciling c6 cac tac

dong, anh hudng dang ké dén hiéu ning ctia hé thng thdng tin vo tuyén.
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KET LUAN

= D& an “Nghién ciru hiéu ning hé théng théng tin vo tuyén sir dung truyén goi
tin ngan” da giai dap duoc ly do trong théng tin may mac, tai sao can truyén nhitng
goi tin ngan, tong quan vé goi tin ngan, cau tric goi tin ngan duoc st dung trong
thong tin lién lac giira cac thiét bi trong hé théng 5G/6G, dé tin cay cua goi tin va k§
thuat duoc st dung dé truyén goi tin ngan:
= Pua ra biéu thuc lién quan giira ti 18 16i khdi (BLER) trung binh vai chiéu dai
goi tin, ché d¢6 ma hod chiéu dai khdi hitu han ton tai mot ki thuat ma hoé va giai ma
sao cho duy tri dugc xac suat 16i mong muén bang cach thay doi chiéu dai gai tin.
= Tham sé dung luong kénh pha dinh, téc 46 ma hoé trong ché d6 chiéu dai khéi
hitu han lan lugt duoc trinh bay.
= Pénh gia hiéu ning cia md hinh truyén goi tin ngan MIMO TAS/SC, thong
qua tham sé BLER trung binh, tir d6 dua ra khuyén nghi véi ché do truyén phd hop
nhat theo cac diéu kién cu thé.
= Trong két qua md phong ciing da danh gia duoc sy anh huéng cia cac tham
s6 thiét 1ap 1én hé thong. Do d6 su thay doi cac tham s trong mé hinh da phan tich
thi hiéu ning cua hé thong ciing ¢6 su tac dong va anh huong dang ké.

Dé an nghién ciru trong mot thoi gian han ché nhat dinh nén khong tranh khoi
thiéu sot, kinh mong nhan dugc y kién déng gop cta quy thay cd va ban doc.
Huéng nghién ciru tiép theo:

— M6 rong md hinh MIMO TAS/SC sang cau hinh da ching (multi-hop) va
mang chuyén tiép AF/DF; phan tich BLER dau-cudi va tdi uu phan b cong suit, do
dai khoi giita cac ching.

— Xét cac kénh pha dinh téng quat hon (Nakagami-m, Rician, «-1t) va trudng
hop thong tin trang thai kénh khong hoan hao (imperfect CSI).

— Két hop truyén goi tin ngan véi NOMA, bé mit phan xa thong minh (RIS)
va thu thip ning luong vo tuyén (energy harvesting) dé ning cao hiéu ning va hiéu

qua nang luong.
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— Panh gia anh hudng cua suy giam phan ctng (hardware impairments) va
nhiéu dong kénh trong mai truong thuc té.

— Ap dung co ché truyén lai HARQ-IR va céc thuat todn hoc may (machine
learning) dé lua chon dng-ten/nut chuyén tiép nhim giam BLER va do tré.

— Nghién ctru khia canh bao mét 16p vat 1y (physical layer security) cho truyén
g6i tin ngan MIMO TAS/SC.
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PHU LUC A: LUU PO THUAT TOAN MO PHONG

Phu luc nay trinh bay Iuu do thuat todn mé phong Monte Carlo ding dé tinh ti
1¢ 161 khéi (BLER) trung binh cta hé thong MIMO TAS/SC truyén géi tin ngin, véi
cac tham s6 dau vao kém theo hinh v&. Pau vao gém: sb dng-ten Na (BS), Ng (US),
d6 dai khéi tin k, s6 bit thong tin b, tham s kénh B, dai SNR phat y va sd phép thir
Niial = 5%10%. O mdi phép thtr, chuwong trinh sinh kénh Rayleigh, thuc hién TAS/SC
dé chon SNR 16n nhét, tinh BLER tirc thoi qua ham Q rdi 1dy trung binh dé thu dugc

BLER cua tung mirc SNR.

( Nhap tham so: so0 ang-ten N, (BS), Ng (US); }

do dai khéi tin k; so bit b; tham sé kénh B;
dai SNR phat vy (dB); Ngm = 5x10°
v

-

‘_E Vong lap SNR: véi méi gié tri y trong dai khao sat J
v

[ Khdi tao: €gum=0; j=1 J

v
Sinh k&nh Rayleigh hpm (NaXNg); |hpm|® ~ hadm mi (B) J
3

TAS: chon ang-ten phat a; SC: chon nhanh thu b
Yout = MaXn m (Y |hnm|2 )

C = loga(1+Yout)
V=(1-(1+You)?) - (logze)?
BLER tdrc thdi: g = Q((C — b/K) - (k/V)¥2)
v N
[ Cong don: €sum = €sum + &) J
v

¥ Sai

[ BLER trung binh: BLER = g4y / Nt ]
v

Chua
Hét dai SNR ?

¥ RGi

( Vé d6 thi BLER theo SNR; so sanh véi ly thuyét (2.21) ]

v

V" kéT THUOC N
Luu d6 thuit toain md phéng BLER ciia hé thong MIMO TAS/SC.
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PHU LUC B: MA CHUONG TRINH MO PHONG ,
Poan ma Matlab dudi day thuc hién mo phong Monte Carlo va tinh 1y thuyét

BLER trung binh theo biéu thirc (2.21) cho hé thong MIMO TAS/SC truyén géi tin

ngin (ham qfunc yéu cdu Communications Toolbox; néu khong co, thay bang

Q(x)=0.5*erfc(x/sqrt(2))).

o°

o
°

C

o
°

NA = 2;
NB = 2;

b
k
b
R

SNRdAB
SNR

N
B
B
N
f

E

(

e

£

9
1

o
°

% Mo phong BLER trung binh - He thong MIMO TAS/SC truyen goi tin ngan
Kenh Rayleigh khoi phang; xap xi tuyen tinh ham Q (Makki [14])
lear; clc;

5 ————= Tham so he thong -----

so ang-ten phat tai BS

so ang-ten thu tai US

so bit thong tin

do dai khoi tin (so lan su dung kenh)
tham so dac trung kenh, E{|h|"2} = 1/beta
toc do ma hoa (2.16)

dai SNR phat (dB)

oe

oo

= 256;
= 256;
1;
= b/k;
0:2:20;
10.” (SNRAB/10) ;
trial 5e5; so phep thu Monte Carlo
LERsim = zeros (1,numel (SNR)) ;
LERana = zeros (1l,numel (SNR)) ;
= NA*NB; % tong so nhanh phan tap i.i.d
or idx = 1l:numel (SNR)
gbar = SNR (idx) ;
%% —-—-—- Mo phong Monte Carlo ---
acc = 0;

o0 o

oe

eta

I
o o

oo

1:Ntrial

g = (randn (NA,NB) .”2 + randn(NA,NB)."2)/ (2*beta); % lh nm|"2 ~
xp (beta)

gout = gbar * max(g(:)); % TAS/SC: chon SNR lon nhat

o\

2.13)
C = log2(l+gout); % dung luong Shannon
V = (1 - (l+gout).”-2) * (log2(exp(l)))"2; % phan tan kenh
acc = acc + gfunc( (C - R) * sqgrt(k/V) ); % BLER tuc thoi (2.5)
end
BLERsim(idx) = acc / Ntrial;
%% --- Ly thuyet (2.21): tich phan so ---
fun = @(x) blerInst(x,R,k) .* pdfGout (x,gbar,beta,N);
BLERana (idx) = integral (fun, 0, Inf, 'ArrayValued',K6 true);
nd
% ———— Ve do thi -----
igure; semilogy (SNRdB,BLERsim, 'ko', SNRdB,BLERana, 'r-', 'LineWidth',1.4);
rid on; xlabel ('SNR phat \gamma (dB)'); ylabel ('BLER trung binh');
egend ('Mo phong', 'Ly thuyet (2.21)");

o)

% ===== Ham phu ES

function y = blerInst (gamma,R, k)

e

C = log2(l+gamma) ;
V = (1 - (l+gamma) .”-2) * (log2(exp(l)))"2;
y = gfunc( (C - R) .* sqgrt(k./V) );

nd

function f = pdfGout (x,gbar,beta,N)

(

e

Q

% PDF cua gamma out = gbar*max|h|”2, |h|"2~Exp(beta), N nhanh i.i.d
2.15)

lam = beta/gbar;

f = N*lam*exp (-lam*x) .* (l-exp (-lam*x)).” (N-1);
nd



