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TOM TAT

Noi dung chinh cua luan &n 1a dé& xuat ba mé hinh va giao thc méi dé nang cao
hiéu nang caa mang hop tac hai chiéu (TW: Two-Way) trong mdi trudng vo tuyén
thong thudng va vo tuyén nhan thiac dang nén. Bong thoi, cac md hinh duoc xem
Xét trong cac diéu kién gia dinh gan véi thuc té hon so véi cac cong trinh d cong
bo.

Mb hinh dau tién 1a mang hop tac hai chiéu gém hai nguén va mét cum thiét bi
chuyén tiép. Trong moé hinh sir dung k¥ thuat lya chon thiét bi chuyén tiép (RS:
Relay Selection) ban phan, ky thuat triét can nhiéu tuan tu (SIC: Successive
Interference Cancellation) va ky thuat ma hoa mang sé6 (DNC: Digital Network
Coding). M6 hinh dugc khao sét trong cac diéu kién ly tuong va thuc té cua ky
thuat triét can nhidu tuan tu va thong tin trang thai kénh truyén (CSI: Channel State
Information). Phuong phép lua chon thiét bi chuyén tiép ban phan gitp giam thiéu
thoi gian thu thap cac CSI. Ky thuat SIC va DNC gidp giam sb khe thoi gian truyén
nhan dit lieu. Két qua cho thay thong luong hé théng (TP: Throughput) duogc cai
thién so vai truong hop khong st dung két hop céc ky thuat trén. Bén canh d6 md
hinh dat dugc thong luong hé théng cuc dai tai cac vi tri caa cum thiét bi chuyén

tiép néu chon hé sé phan chia cong suat pha hop cho hai nguon.

M6 hinh tiép theo 1a mang vo tuyén nhan thac hai chiéu dang nén st dung bé mit
phan xa théng minh c6 thé cau hinh lai (RIS: Reconfigurable Intelligent Surface).
M6 hinh gém hai ngudn tht cp truyén tin hiéu cho nhau thong qua RIS, mé hinh
hoat dong ¢ ché do song cong (FD: Full-Duplex) va trong diéu kién han ché can
nhiéu cia mot cum may thu so cap (PR: Primary Receiver). Uu diém cua RIS so véi
thiét bi chuyén tiép truyén thdng 1a RIS gan nhu khong can ning lugng khi hoat
dong, khong ¢ phan ciing phuc tap, tiét kiém chi phi trién khai va van hanh. Bong
thoi, céng nghé vo tuyén nhan thicc (CR: Cognitive Radio) gilip nang cao hiéu qua

s dung phé tan. M6 hinh da duoc phan tich trong diéu kién thuc té con ton tai



nhiéu vong lap & anten thu caa hai ngudn ther cdp do truyén song cong. Xac suat
dirng (OP: Outage Probability) caa hai ngudn trong hé thdng thi cap duoc khao sét
déanh gia théng qua céac tham sé: ti s6 rang budc can nhiu cua cac nguon thir cap
dén céc thiét bi thu so cap trén cdng suat nhidu; ti s6 cong suat phét toi da ma phan
ctring c&c ngudn thir cap co thé dap tng trén cong suat nhidu; sé phan tir phan xa cua
RIS; s6 lwong may thu so cap; kha nang triét nhidu vong lap do truyén song cong;
khoang céch giira RIS va hai ngudn; va khoang céch giita may thu so cip va hai

nguon.

Bén canh d6, véi muc dich tiét kiém niang leong cho cac mang khéng day chi phi
thap va han ché vé tai nguyén nhu Mang Cam Bién Khong Day (WSN: Wireless
Sensor Network) va mang Internet van vat (10T: Internet of Things), mé hinh thir ba
dugc dé xuat 1a mang hop tac hai chiéu c6 kha ning thu hoach ning luong (EH:
Energy Harverting) thong qua tin hiéu vo tuyén tai thiét bi chuyén tiép. Va thuc té
la c&c linh kién trong thiét b thu ning lugng 1 phi tuyén nén trong mé hinh da xem
xét EH phi tuyén voi phuong phap phan chia cong suat. Két qua nghién cau cho

thay ton tai hé s6 phan bo cong suét toi uu dé hé thong co xac suat dirng nho nhat.

T6m lai, ba m6 hinh va giao thirc dwgc dé xuit ciia mang hop tac hai chiéu da
cai thién céc tiéu chi danh gia hiéu nang khac nhau nhu giam xac suat dung, ting
thong lugng, ting hiéu qua sir dung phd, hiéu qua sir dung ning lugng hoic giam
chi phi khi trién khai hé théng. Céc tiéu chi danh gi4 hiéu niang cta tat ca cac mod
hinh va giao thirc déu dugc phan tich danh gia bang phuong phap toan hoc va duoc
kiém chung biang méd phong Monte Carlo. Cac biéu thirc toan hoc dugc biéu dién
dang tudng minh chinh xéc, gan ding va tiép can mang lai cai nhin téng quan trong
viéc danh gia va téi wu hé thong khi quy hoach va thiét ké mang. Cudi cung cac két

qua da duoc bién luan dé noi bat cac vu diém caa mé hinh duoc dé xuat.



ABSTRACT

The main content of the dissertation is the proposal of three new models and
protocols to enhance the performance of two-way cooperative networks in both
conventional radio and the underlay cognitive radio environments. Additionally, the
models considered under hypothetical conditions are more realistic than those in the

previous works.

The first model is a two-way cooperative network consisting of two sources and a
cluster of relay devices. The model employs partial Relay Selection (RS),
Successive Interference Cancellation (SIC) and Digital Network Coding (DNC)
techniques. The model is investigated under both ideal and real conditions of SIC
and Channel State Information (CSI). The partial RS method helps to minimize the
time for collecting CSI. The SIC and DNC techniques reduce the number of time
slots required for data transmission and reception. The results show that the system
Throughput (TP) has improved compared to the case where these techniques are not
combined. Besides, the model achieves the maximum throughput at specific
positions of the relay cluster by selecting suitable values of power coefficients for

the two sources.

The next model is a two-way cooperative network in the underlay cognitive radio
environment using a Reconfigurable Intelligent Surface (RIS). The model consists
of two secondary sources that transmit signals to each other, operating in Full-
Duplex (FD) mode and under interference-limited conditions of a Primary Receiver
(PR) cluster. The advantage of RIS compared to traditional relay devices is that RIS
requires almost no energy when operating, has no complicated hardware and
operates across all frequency bands, thus saving energy, deployment, and
operational costs. Additionally, Cognitive Radio (CR) technology helps to improve
spectrum efficiency. The model has been analyzed under the realistic condition that

exists the residual loop-back interference in the receiving antenna of two secondary

Vi



sources due to the FD mode. The Outage Probability (OP) of two secondary sources
Is investigated and evaluated through parameters: the maximum interference power
to plus noise ratio that PRs can decode information in the primary network; the
maximum signal-to-plus-noise ratio that the secondary sources hardware can
satisfy; the number of metasurfaces; the number of primary receivers; the loop
interference suppression ability of FD transmission; the distances between the RIS
and two secondary sources; and the distances between the PR cluster and two

secondary sources.

Moreover, to save energy for low-cost and resource-constrained wireless networks
such as wireless sensor networks (WSN) and the Internet of Things (loT), the third
proposed model is a two-way cooperative network with energy harvesting (EH)
capability through wireless signals at the relay. In reality, the components in the
energy harvesting device are nonlinear. Therefore, the model considers nonlinear
EH with the power splitting method. The research results show the existence of an
optimal power allocation ratio for the system to achieve the minimum outage

probability.

In summary, three proposed models and protocols for the two-way cooperative
network have improved various performance criteria such as reducing outage
probability, increasing throughput, improving spectrum utilization efficiency,
enhancing energy efficiency, and minimizing cost during deployment. The
performance evaluation criteria of the models and protocols are investigated
through mathematical analysis and verified through Monte Carlo simulations. The
mathematical expressions are expressed in exact, approximate and asymptotic
forms to help network planners and designers have an overview in the system
evaluation and optimization. Finally, the results were discussed to highlight the

advantages of the proposed models.
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MO PAU

1. Ly do chon d@ tai

Ngay nay, vai su phét trién vuot bac cua khoa hoc ki thuat, cudc cach mang 4.0 va
cac ung dung coéng nghé 10T dan dén sé luong nguoi dung va thiét bi s dung két
ndi vo tuyén ting nhanh, cing véi d6 la luong dir liéu duoc luu thdng trén moi
truong vo tuyén ciing ting véi tée do dot bién. Diéu nay gia ting céc thach thic cho
mang truyén thdng vo tuyén nhu: sir dung hiéu qua ning luong (EE), sir dung hiéu
qua pho tan (SE), tang dung luong, cai thién toc do dit liéu, giam do tré va tang chat
lwgng cua dich vu. Mang vo tuyén hop tac 1a mot giai phap cd thé dap tng cac
thach thuc nay vi c6 do phan tap khdng gian cao, giam anh huong cuaa suy hao
duong truyén, cai thién théng luong diém truy cap mang, cai thién chat lwong ving

pht s6ng so v&i mang truyeén truc tiép [1, 2].

Pdng thoi, mang vo tuyén hai chiéu gidp nang cao SE so véi mang mot chiéu boi vi
hai thiét bi trong mang hai chiéu khong phan biét 1 thiét bi phat hay thu, ma co thé
ddng thoi truyén nhan thong tin qua lai cho nhau, con trong mang mét chiéu 1a phan
biét rd mot thiét bi phat va mét thiét bi thu [3]. Mang hop tac hai chiéu c6 mét hoic
nhiéu thiét bj chuyén tiép dac biét hitu ich trong nang cao hiéu niang hé théng khi

duong truyén truc tiép giira hai thiét bi ¢ suy hao 16n [4, 5].

Hiéu nang mang vo tuyén hop tac duoc cai thién nho cac ki thuat xi Iy va két hop
tin hiéu tai thiét bi chuyén tiép. Dau tién Ia ky thuat da truy cap phi truc giao
(NOMA) gilp cai thién hiéu qua phd, mé rong két néi, giam do tré truy cap va nang
cao tinh cong bang gitra nhitng thiét bi nguoi dung [6, 7]. Giai phap sir dung cum
chuyén tiép tan dung su ngau nhién caa kénh truyén tir nguon phat dén cac thiét bi
thu trong cum va chon dugc chuyén tiép tét nhat tly theo tiéu chi cu thé dé truyén

tin hiéu giup ting chat luong truyén tin [8]. Bén canh d6 cdng nghé vo tuyén nhan



thize (CR) gitp nang cao SE vi cac thiét bi trong mang thir cip dugc phép ding
chung dai phd da duoc cip phép cua nguoi ding so cap [9]. Gan day céng nghé hd
trg chuyén tiép théng tin mai RIS duoc nghién ctu va mang lai loi ich nhu ting
hiéu qua sir dung phd, tiét kiém ning luong va giam chi phi dau tu ban dau [10, 11].
Véi mang hop tac hai chiéu, sir dung ky thuat ma héa mang gidp tang thong hrong
hé thdng, cai thién téc do truyén do giam khe thoi gian truyén giira cac thiét bi [12].
Ngoai ra con c6 cac ky thuat anh huéng dén hiéu ning mang nhu truyén song céng
(FD), ban song cong (HD), ma hoa dit liéu, thu thap thdng tin kénh truyén, thu
hoach ning luong va khao sat hé théng dudi cac diéu kién rang budc khi van hanh
thuc té. Nhiéu van dé nang cao hiéu niang mang hai chiéu nhu d tung thuc hién cho

mang hop tac mot chiéu van can nghién ciu va trién khai.

Trong dé tai “THIET KE VA PHAN TiCH CAC GIAO THUC NANG CAO
HIEU NANG MANG HQP TAC HAI CHIEU”, nghién ctiu sinh dé xuat va phan
tich cac giao thixc méi nhiam nang cao hiéu nang mang hop tac hai chiéu, cu thé nhu
tang théng luong (TP), giam xac suat dirng hoat dong (OP), tang hiéu qua st dung
pho tan, dat téc do truyén tin cao, ting hiéu qua sir dung ning luong va tiét kiém
chi phi (CE) trong thyc thi hé thng. Céc giao thirc mang hai chiéu duoc dé xuat va
c4c thdng sb danh gia hiéu nang s& duoc phan tich dudi dang biéu thic toan hoc
teong minh, sau d6 duoc kiém ching bang phwong phap mé phong Monte Carlo.
Pé tai nghién ciu dong gop hitu ich cho cong dong nghién ctiu, cho cac cong ty san
Xuat thiét bj vién théng dé hudng t6i cung cp chat luong dich vu tét hon cho khéch
hang. Két qua nghién ctu cua luan an c6 thé duoc dung trong mang loT, mang

khdng ddng nhat, mang cam bién khong day (WSN), mang robot trong cong nghiép.
2. Muc tiéu va ngi dung nghién ctru

- Thiét ké cac mé hinh va céc giao thirc méi dé nang cao hiéu ning mang nhu
ting théng luong, giam xé&c suat ding, ting SE, ting EE, ting tbc d6 truyén tin
cho mang hop tac hai chiéu trong mang vo tuyén thong thudng va vo tuyén nhan
thirc.



Phan tich cac tiéu chi danh gi4 hiéu ning cua cac giao thirc dugc dé xuat dudi
dang biéu thirc todn hoc tuong minh chinh xac, biéu thirc toan hoc x4p xi hoic
biéu thirc tiém can.

Luén an xem xét ca&c md hinh trong diéu kién gia dinh thuc t& hon so véi céc
cong bd dd co nhu: thong tin trang thai kénh truyén khong hoan hao; diéu kién
triét can nhiéu tuan tu khong hoan hao; con ton tai nhiéu vong lip sau khi da
duoc triét can nhidu ¢ anten thu trong truyén song cong, thu hoach ning luong

phi tuyén.
Nhiém vu nghién ciru

Dau tién nghién ciu sinh khao séat cac cong bd vé mang vo tuyén hai chiéu dé
phét hién cac van dé con ton tai va co thé phat trién lién quan dén dé tai. Tur d6
dé xuat va thiét ké cac mo hinh va giao thtrc gilp nang cao hiéu ning mang vo

tuyén hai chiéu.

Phan tich cac tiéu chi danh gia hiéu ning caa mé hinh di duoc dé xuét. Dua trén
c4c biéu thirc phan tich toan nham tim ra cac dic diém t6i uu cia dé xuét va
ding phuwong phap mé phong Monte Carlo dé ching minh tinh hop 1y va chinh
X4C cta CAc biéu thuc.

So sénh cac ky thuat dugc dé xuat vai cac ki thuat da dugc cong bd.

. Poi twong va pham vi nghién ciru

Mang hop tac hai chiéu, mang vé tuyén nhan thuc hai chiéu, céc tiéu chi danh
gié hi¢u nang mang nhu OP va TP.

Céac ky thuat nang cao hiéu ning mang hai chiéu: ma héa mang sd; lya chon
thiét bi chuyén tiép; da truy cap phi truc giao; triét can nhifu tuan tu; thu hoach

nang leong vo tuyén; truyén song cong.

Str dung k§ thuat hd tro truyén théng tin méi RIS trong mang hai chiéu.



- Céc diéu kién rang budc thuc té nhu: thdng tin kénh truyén khéng hoan hao; triét
can nhiéu tuan ty khéng hoan hao; con ton tai nhidu vong lip sau khi da dyoc
triét can nhiéu ¢ anten thu trong truyén song cong; nhiéu thiét bi thu so cap; thu

hoach ning lugng phi tuyén.

- Céc kénh truyén fading Rayleigh ¢ phan b giéng nhau va doc 1ap nhau (i.i.d).
5. Hwéng tiép cin va phwong phap nghién ciru
a. Huwéng tiép can:

Phan tich va danh gia cac két qua nghién ciru va cac dicu kién gia thiét khoa hoc
ctia cac cong bd trong va ngoai nuée lien quan dén dé tai luan an. Tur d6 xac dinh
dugc cac van dé con ton tai va dua ra hudng thuc hién cua dé tai. Tiép theo Ia thiét
ké cac md hinh/giao thirc va giai phap dé nang cao hiéu ning mang hop tac hai
chiéu tét hon va khao sat cac mo hinh/giao thirc ¢ cac diéu kién méi truong truyén

thong thuc té hon.

b. Phwong phap nghién ciru:

Cac phuong phép nghién ctiru dugc sir dung trong luan an 1a: phan tich va tong hop;
mo hinh hoa béng cong cu toan hoc véi viéc van dung ly thuyét phan tich tin hiéu,

Iy thuyét toan giai tich va Iy thuyét xac suat; va so sanh. Cu thé:

- Phan tich va tong hop céc két qua cua céac cong trinh da duogc cong b tir d6 dé

XUt ra c&c md hinh va giao thirc méi cho muc tiéu caa dé tai.

- Tu mb hinh/giao thire d& dé xuat cling voi cac gia thiét toan hoc dugc chon, xay
dung m6 hinh toan va chon cac tiéu chi dé danh gia hiéu nang. Tim va phan tich
c4c biéu thtrc chinh xac, xap xi hay tiém can cua tiéu chi dé danh gia hiéu nang
dugc chon. Khao sét cac biéu thire theo céc théng sé ciia mang anh huong dén
hiéu nang hé thong, va huéng dén bai toan tbi vu 1a chon duoc cac bo thong sé

dé hé théng c6 hiéu nang tét nhat.



- Viét chwong trinh md phong dé kiém ching tinh ding dan cua md hinh toan va

c4c biéu thirc phan tich.

- So sanh céac két qua thu duoc véi cac két qua ciia cac cong bd da co dé thay

dugc wu diém caa mo hinh/giao thie da dugc dé xuit.
6. Y nghia khoa hoc va thye tién ciia dé tai nghién ciru

- Pé xuat giai phap két hop cac ky thuat ma hoa mang s, triét can nhiéu tuan ty
va cum thiét bj chuyén tiép gilp giam khe thoi gian truyén tin hiéu, ting kha
nang truyén tin hidu thanh céng dan dén ting thong luong cho mang hop tac hai
chiéu. Pong thoi xem xét hé théng trong cac diéu kién gia dinh gan thyuc t& hon

nhu théng tin kénh truyén khong hoan hao va triét can nhiéu khoéng hoan hao.

- Pé xuat giai phap mang vo tuyén nhan thizc hop tac hai chiéu sir dung RIS gilip
tang EE va CE. Dong thoi cai thién hiéu qua str dung pho tan vo tuyén hitu han
vi ding chung dai tan theo dang nén ctia cong nghé CR. Phan tich hé théng
trong diéu kién thyc té cua truyén song cong 1a con ton tai nhifu vong lip sau
khi d& dwoc triét can nhifu ¢ anten thu va mang thir cip bi giéi han cbng suat

boi nhiéu may thu so cap.

- Sir dung ngudn ning luong sach tir séng vo tuyén, hd trg cho cac mang vo tuyén
hop tac hai chiéu chi phi thip va han ché vé tai nguyén nhu mang WSN va mang
loT. Va ciing xem xét diéu kién thuc té 14 c4c linh Kién dién ttr cia bo thu ning

lwong cua thiét bi chuyén tiép c6 dic tinh phi tuyén.
7. Cau tr(c cia luan an
Luan an géom phan mao dau va 6 chuong nhu sau:

Mé dau: Trinh bay nhitng thach thuc can giai quyét cua mang truyén théng vo
tuyén va néu Iy do chon dé tai, muyc tiéu, noi dung, nhiém vu, déi teong va pham vi
nghién ctu cta dé tai. Tiép theo 12 dua ra hudng tiép can va phuong phap nghién

ctru clng véi Y nghia khoa hoc va thuc tién cua dé tai.



Chwong 1: Téng quan

Trong chuong nay, nghién ctu sinh phan tich, tong hop, so sanh cac cong b lién
quan téi mang vo tuyén hai chiéu va mang v tuyén hop tac hai chiéu nhitng nim
gan day. Tir d6 nghién ciru sinh xac dinh cac van dé con ton tai, cac noi dung con cé

thé phat trién va dé xuat cac hudng nghién ciu caa luan an.
Chuong 2: Co sé ly thuyét

Trong chuong ndy, nghién ctu sinh trinh by ngin gon co s& ly thuyét vé cac md
hinh mang vé tuyén hop tac hai chiéu va cac md hinh kénh truyén vé tuyén. Céc ly
thuyét vé cac ki thuat ma héa mang, lua chon thiét bi chuyén tiép, da truy cap phi
tryc giao, triét can nhiéu tuan tu, cdng nghé vé tuyén nhan thic va thu hoach ning

lugng vo tuyén co sir dung trong cac chuong tiép theo.

Chuwong 3: Mang hep tac hai chiéu sir dung k¥ thuat triét can nhiéu tuin tw va

ma héa mang s6

Nghién ciru md hinh mang hop téc hai chiéu véi sy hd trg caa nhiéu thiét bi chuyén
tiép. Mot thiét bi chuyén tiép duoc chon theo tiéu chi toi wu do loi kénh truyén cua
ngudn gan va sau do sir dung ky thuat triét can nhiu tuan tu va ma héa mang sé dé
xtr ly tin hiéu. Bong thoi mé hinh dugc xem xét trong diéu kién ly twong va cac
diéu kién thuc té nhu ipSIC/ipCSI. Phan tich OP va TP ciia hé thong theo cac thong
s6 ty 1é tin hiéu trén nhidu, va so sanh véi cac hé théng khong dung ddng thoi cac

k¥ thuat trén.

Chuong 4: Mang v tuyén nhan thirc hai chiéu sir dung bé mat phan xa thong

minh

Nghién cru md hinh mang v tuyén nhan thtc hop tac hai chiéu vai su hd tro cua
RIS dé truyén tin. M@ hinh sir dung phwong thtc truyén song cong. M6 hinh c6 xem

xét diéu kién thyuc té 12 con ton tai nhiéu vong lip & anten thu ctaa hai ngudn thi cap



do truyén FD. OP cua hé thdng dugc phan tich theo cac théng sé: rang budc can
nhiéu cua cac ngudn thix cap dén cac ngudn thu so cap (PR); ti s6 cong suat phat toi
da ma phan cang cac ngudn thir cip co thé dap tng trén cong suat nhidu; vi tri
trong doi cua RIS va cia cum PR; su thay doi s6 lugng phan tir phan xa caa RIS;

va kha nang triét nhiéu vong lap cua duodng truyén FD.

Chwong 5: Thu hoach ning lwgng phi tuyén trong mang vo tuyén hep tac hai

chiéu

Nghién cu mo hinh EH phi tuyén trong mang hop tac hai chiéu. M6 hinh hoat
dong truyén nhan thong tin trong ba khe thoi gian va st dung phuong phap thu ning
luong phan chia theo cong suat két hop ki thuat ma hda mang sé. Cac biéu thic OP
chinh xac va gan ding cua cac ngudn dugc phan tich dé danh gia hiéu ning hé
théng. Bong thai hé sé phan b cong suat téi vu duoc xac dinh d&& md hinh ¢ OP

nho nhat.
Chuong 6: Két luan

Trinh bay nhiing két qua dat dugc, nhimg dong gop mai cua luan an va hudng phat

trién cua deé tai.



Chuwong 1. TONG QUAN NHUNG VAN PE
NGHIEN CUU

1.1 Giéi thiéu

Mang hop tac hai chiéu gom hai ngudn truyén thong tin cho nhau théng qua céc
thiét bi chuyén tiép. Hai phuong thirc xir ly tin hiéu tai thiét bi chuyén tiép 1 giai
ma - chuyén tiép (DF) va khuéch dai - chuyén tiép (AF) & ché do FD hoac HD [13].
Do6i véi ki thuat DF tin hiéu sau khi dugc giai ma s& duoc ma hoa lai truge khi
chuyén tiép dén nut dich, con véi ky thuat AF tin hiéu s& dugc khuéch dai va truyén
di tiép ma khong duoc giai ma. Ky thuat AF duoc thuc hién don gian nhung lai
khuéch dai ca nhiéu trong tin hiéu nhan. Trong mang hop tac hai chiéu co ban, qua
trinh truyén tin hiéu thong thuong dién ra trong bdn khe thai gian, trong d6 ngudn
thi nhat truyén tin hiéu dén ngudn tht hai théng qua thiét bi chuyén tiép trong hai
khe thoi gian dau tién, va sau d6 ngudn thir hai truyén tin hiéu nguoc lai cho ngudn
thi nhat trong hai khe ké tiép [14].

Pé tang hiéu nang mang hop tac hai chiéu cac cong b tap trung vao cac giai phap
gilp giam khe thoi gian truyén, ting do tin cay khi truyén tin hiéu, ting SE va ting
EE. Céc cong b sir dung cac ki thuat nhu ky thuat ma héa mang, ki thuat lva chon
thiét bi chuyén tiép téi wu, ki thuat da truy cap phi truc giao, ky thuat thu hoach
nang luong, truyén song cdng va sir dung thiét bi hd tro truyén thdng tin méi RIS.
Chuong nay s& tom tit va phan tich tinh hinh nghién ctu lién quan dén hiéu nang

mang hop tac hai chiéu va dua ra huéng nghién ctiu cua luan an.
1.2 Céac cong bd quéc té vé mang hop tac hai chiéu

M4 héa mang d4 duoc ding tir khé 1au trong mang hop tac hai chiéu gitp giam sé

khe thoi gian truyén nhan thdng tin dan dén giam tong thoi gian truyén va tang hiéu



qua sir dung bang thong, ting thdng luong hé thdng so véi kiéu truyén co ban bon
khe thoi gian [12, 15-19]. Trong [16] [17] truyén ba khe thoi gian st dung chuyén
tiép DF va ky thuat DNC. Trong [17], khi c6 duong truc tiép gitra hai nguon & hai
khe thoi gian dau, thi md héa kénh-mang két hop dugc st dung. Trong giai phap
nay, ma hoa kénh dugc sir dung ¢ hai ngudn va ma hda mang ap dung tai thiét bi
chuyén tiép. Trong [18] d4 dé& xuat mé hinh hai khe thoi gian giai ma-chuyén tiép
két hop. Trong khe thoi gian tha nhat, toe do truyén duge lwa chon dam bao thiét bi
chuyén tiép c6 thé nhan va giai ma céc tin hiéu, sau d6 ding DNC dé ma hda lai tin
hiéu va phat vé& hai ngudn trong khe thoi gian tha hai. Trong [19] mé hinh hai khe
thoi gian st dung thiét bi chuyén tiép AF, goi 1a ma hda mang tuong tu, ki thuat
nay chi khuéch dai cua tin hiéu duogc nhan cua thiét bi chuyén tiép trong khe thoi
gian thir nhat va phat vé hai nguon trong khe thoi gian tht hai. Khi xem xét OP cua
hé thong, cac tac gia trong [12] chi ra rang khi c6 ton tai ciia duong truyén tryc tiép
thi hé thong sir dung ma héa mang s c6 xac suat ding nho hon sir dung ma héa
mang tuong tu. Vi md hinh ding hai khe thoi gian thi c6 théng luong hé théng cao

hon mé hinh dung ba khe thoi gian.

Pa truy cap phi truc giao 1a mot ki thuat gidp ting dung luong hé théng va ting
tinh cong bang gitra c4c thiét bi nguoi ding so voi cac Ky thuat da truy cap truc giao
(OMA) [6, 7]. C6 nhiéu nghién ciru vé NOMA trong mang truyén thdng mét chiéu
da duoc cdng bd lién quan dén viéc bao mat nang lwong, thu hoach ning lugng,
NOMA ddng bo/bat dong bo [20] trong cac diéu kién thuc t& nhu SIC hoan
hao/khéng hoan hao (pSIC/ipSIC), thu thap CSI hoan hao/khéng hoan hao
(pCSI/ipCSl), céc 16i phan cting [21-26]. Gan day cac nghién ciru mang hop tac hai
chiéu st dung NOMA ciing duoc quan tdm nham tan dung cac uu diém cuaa
NOMA. Phan tich hiéu ning caa mang hop tac hai chiéu DF ding NOMA cho
duong 1én va duong xudng cua hai thiét bi nguoi dung duoc nghién ctu trong cong
b [27, 28]. Trong [27], md hinh hoat dong & ché d6 FD va xem xét ca hai truong
hop pSIC va ipSIC. Hiéu ning hé théng dwgc phan tich dua trén xac suat ding, ti 16

Ergodic va thong luong. Hé théng song cong nén tin hiéu duoc truyén va nhan



trong cuing mot khe thai gian, do d6 hiéu qua phd caa md hinh mang hai chiéu trong
cdng bd [27] duoc cai thién so vai hé théng ban song cong [28] c6 mé hinh tuong
tu. Trong [29, 30] phan tich OP va TP cia mét hé thong c6 hai nhém nguoi ding
NOMA truyén tin hiéu cho nhau thong qua mét thiét bi chuyén tiép DF & ché do
HD va pSIC [29], va diéu kién thuc té bi I6i phan cing va ipSIC [30]. Trong [31]
tbc d6 bao mat ergodic cia md hinh mang hop tac hai chiéu dya trén NOMA véi hai
thiét bi nguoi dung hop phap, mot thiét bi chuyén tiép va nhiéu thiét bi nghe trom
thu dong da dugc phan tich. Két qua cho thay mang chuyén tiép hai chiéu dya trén

NOMA tang kha nang bao mat va cai thién hiéu qua pho tan.

Trong [32] d& xuat mé hinh mang hai chiéu c6 mét thiét bi chuyén tiép hd trg
truyén thong tin va sir dung NOMA mién cong suat cho duong 1én va ma hoa mang
s6 cho duong xudng (Hybrid -TWRS), dong thai so séanh véi 2 trudng hop: sir dung
OMA cho duodng 1én va ma héa mang cho dudng xuéng (NC-TWRS); NOMA cho
duong 1én va cho duong xuéng (NOMA-TWRS). Céc két qua di cho thay giao thirc
Hybrid -TWRS ¢6 cac uu diém troi hon han khi so véi giao thac NC-TWRS va
NOMA-TWRS vé cai thién TP do két hop duoc loi ich ghép kénh cua NOMA va
loi ich nén khong mat dir liéu caa DNC. Hybrid-TWRS c6 ti I¢ I8i bit (BER) nho
hon so véi giao thic NOMA-TWRS. Hon nira, d6 phtrc tap trong xtr ly tin hiéu cua
Hybrid-TWRS thap hon NOMA-TWRS va tiét kiém duoc tai nguyén tinh toan. Nhue
vay két hop ciia NOMA va DNC ¢ mang lgi hiéu nang mang cao hon hai trieong

hop con lai.

Pé tang do tin cay, giam xac suat dirng hoat dong cho mang vo tuyén, cum thiét bi
chuyén tiép da duoc st dung. Cum chuyén tiép duoc dinh nghia 12 gom nhiéu thiét
bi chuyén tiép duoc dat gan nhau véi diéu kién sy chénh léch khoang céch truyén
tin hiéu 1a khong dang ké. Mot chuyén tiép tot nhat theo mot tiéu chi cu thé s& duoc
chon dé hd tro truyén nhan tin hiéu. Cac phuong phap RS trong mang hop tac hai
chiéu sir dung hai khe thoi gian truyén nhan tin hiéu voi phuong thie ban song cong

gom hai ngudn va mét cum thiét bi chuyén tiép AF duoc nghién cau trong [33]. O
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khe thoi gian thir nhat, hai ngudn phat dén tat ca céc thiét bi chuyén tiép dong thai,
sau d6 mot thiét bi chuyén tiép co tong ty Ié I18i bit nho nhat s& dugc chon dé phét
tin hiéu da nhan tré lai ca hai nguon. Cac tac gia dd xem xét hai phuong phap:
phuong phap lya chon tbi wu va phuong phap Min-Max BER dan dén Max-Min ti
& tin hiéu trén nhidu cua dé giai ma hai tin hiéu dwogc truyén tir hai nguon. Trong
[34] céc tac gia phan tich hiéu nang dya trén BER, dung lugng trung binh va OP vai
lya chon thiét bi chuyén tiép AF tdi wu. Chuyén tiép téi uu dugc chon theo tiéu
chuan Max-Min cua d6 loi kénh truyén giita hai nguon va thiét bi chuyén tiép. Va
VGi phuong phép nay cac tac gia da chang minh 1 téi wu trong viéc t6i thiéu xéac
suat dung hoat dong va ty 18 16i ky hiéu va ciing t6i da dung luong Ergodic. Trong
[35], mang hop tac hai chiéu AF vai thiét bi chuyeén tiép duoc chon khi c6 téc do
bao mat Ién nhat theo cac cong suat truyén cua thiét bi chuyén tiép va cac nguon.
M6 hinh sir dung phuong phap RS t6i uu gan diing ding thuat toan t6i uu bay dan
va so sanh véi phuong phap RS ngau nhién. Cac két qua cho thdy phwong phap toi
uu gan ding tét hon phuong phap lya chon ngau nhién va cai thién hiéu ning hé

thdng vaéi muace do phic tap thap.

Lira chon thiét bi chuyén tiép 1a gidgi phap toi wu trong truyén théng hop tac ciing
nhur hop t&c hai chiéu dé nham nang cao téi da hiéu nang hé thong duwa trén mice dé
thu thdp CSI. Tuy nhién ciing can nhiéu thoi gian dé thu thdp CSI, ting thoi gian
tré, va dé phirc tap trong xi Iy tin hiéu. Lam sao dé chon mét gidi phap phu hop

dap 1ng duroc Cac yéu cau cu thé 1a mér hudng ciing can quan tam va nghién cizu.

Giai phap thu hoach ning lweng (EH) gilp cac mang vo tuyén han ché tai nguyén
ning luong nhu khéng thé duoc thay thé hodc nap niang luong cho pin/accu duy tri
thoi gian hoat dong. Céc giao thic thu hoach nang lugng duoc gidi thiéu trong [36]
bao gom: phan chia theo thoi gian (TS) va phan chia theo cong suat (PS). Trong
giao thirc TS, thoi gian hoat dong duoc chia thanh it nhat hai khe thoi gian: mot cho

EH va céc khe thoi gian con lai dé xir ly tin hiéu. Déi véi giao thac PS, tin hiéu vo
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tuyén duoc chia thanh céc tin hiéu cong suit thdp hon cho thu ning luong va giai

ma tin hiéu trong cung mat khe thoi gian.

Cac cong bd lién quan dén EH cho mang hop tac hai chiéu nhu [37-40]. Trong [37]
sir dung giao thirc PS cho mang hop tac hai chiéu DF ba khe thoi gian, ti 16 phan b
cdng suit tai thiét bi chuyén tiép duoc thay ddi theo do loi kénh tic thoi dé giam
thiéu OP cua hé thong. Trong [40] khao st bbn giao thirc EH va truyén tin hiéu
trong mang hop tac hai chiéu AF ¢ mot cum thiét bi chuyén tiép va hoat dong &
ché do6 FD. Giao thirc thir nhat 13 mé hinh TS, thiét bi chuyén tiép thu hoach nang
luong trong khe thoi gian dau va khe thoi gian hai 1a ding nang luong thu duoc dé
truyén va nhan tin hiéu. Giao thirc tha hai 1a mé hinh PS, thiét bi chuyén tiép thu
hoach ning luong tir hai ngudn dong thai truyén va nhan tin hiéu trong mot khe thoi
gian. Giao thirc tht ba 14 thiét bi thu nang lrong va nhan tin hiéu tir hai ngudn trong
khe thoi gian tht nhat, va trong khe thoi gian tha hai thiét bi truyén tin hiéu vé hai
ngudn ddng thoi thu hoach ning lwong tir chinh tin hiéu ty can nhidu cua minh.
Giao thic thir tu gidng giao thic tha hai hoat dong trong mot khe thoi gian, nhung
thém phan thiét bi chuyén tiép thu hoach ning luong tu can nhidu caa minh. Céc
giao thuc nay gilp tang thong lwong trung binh ciia hé thong so véi truyén o ché do
HD, bén canh d6 trong giao thirc ba va bbn tan dung dugc ngudn ning lwong tir tin
hiéu tu can nhidu dé nap ning luong cho thiét bi chuyén tiép. Trong [38, 39] khao
sat md hinh mang hop tac hai chiéu c6 thu hoach niang luong va cé thiét bi nghe
trom. Trong [38], thiét bi chuyén tiép DF thu hoach ning luong véi ky thuat TS
trong mang hop tac hai chiéu cé thiét bi nghe trom. Trong [39], thiét bi chuyén tiép
AF thu hoach ning lugng tir hai ngudn va tir may phét nhiu nhan tao, sir dung hai
giao thic TS ba khe thoi gian va PS hai khe thoi gian. Thiét bi chuyén tiép diéu
khién cac ty Ié phan bd cong suat va ti 1é phan chia thoi gian dé dat dugc sy can
bang giita dit liéu nhan va ning luong thu hoach dé téi da hoa dung luong bao mat.
C4c tac gia chi ra rang giao thic thu EH ding ky thuat PS c6 két qua tét hon sir
dung TS.
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Thuc t& md hinh caa mach EH 1a mot ham phi tuyén tinh theo céng suét tin hiéu
dau vao thay vi mé hinh tuyén tinh nhu cac gia dinh ly tuéng. Va céc nghién ciru vé
EH phi tuyén trong mang mét chiéu da dwgc nhiéu quan tdm [41-44], gan day c6
cac nghién cttu EH phi tuyén trong mang hop tac hai chiéu [45-48]. Trong [45],
hiéu nang cua hé thdng hai chiéu AF véi giao thirc thu hoach niang luong két hop
TS-PS véi diéu kién c6 16i phan cang trong qua trinh thu phat duoc phan tich.
Trong [46], cac tac gia da khao sat OP cua mé hinh mang hai chiéu DF véi EH phi
tuyén. Thiét bi chuyén tiép st dung phuong phap PS va ty I¢ phan bo cong suat
dugc thay doi dong theo do loi kénh tic thoi dé tdi da hoa cong suat thu duoc cua
hé théng. M6 hinh sir dung ba khe thoi gian, hai khe dau thiét bi chuyén tiép lan
luot EH dong thoi nhan va giai ma tin hiéu tir hai nguon. Tiép theo thiét bi chuyén
tiép ding ma hoa xép chong tao ra mot tin hiéu méi va truyén tin hiéu nay vé hai
ngudn trong khe thoi gian thi ba. Sau d6 hai nguon sé sir dung SIC dé giai ma tin
hiéu thu duogc. Trong [47], céc tac gia khao sat théng lwong cua md hinh mang hop
tac hai chiéu AF bén khe thoi gian va c6 duong truyén truc tiép gitra hai nguon.
Thiét bi chuyén tiép thu hoach niang luong TS phi tuyén trong khe thoi gian tht
nhat, hai ngudn truyén tin hiéu trong hai khe thoi gian tiép theo va thiét bi chuyén
tiép truyén tin hidu vé hai nguon trong khe thoi gian tha tu. Trong [48] 1a md hinh
thu hoach nang luong va truyén tin hiéu trong mang vo tuyén hop tac nhan thic. Hé
thdng so cap 1a truyén théng hai chiéu va thir cap 1a mot chiéu. Thiét bi chuyén tiép
AF ctia mang thir cip dung ky thuat PS dé EH tir tin hiéu ciia mang so cap va dung
nang luong nay dé hd tro truyén nhan thdng tin. Thu hoach ndng lirong phi tuyén
chua dwoc nghién cizu mét cach toan dién trong mang v tuyén hai chiéu va day

ciing la mét huéng nghién cuiu trong lugn an nay.

Ngoai ra, mot cong nghé hd tro trong truyén théng vé tuyén gitp nang cao EE va
tiét kiém chi phi trién khai mai 12 bé mat phan xa théng minh c6 thé cau hinh lai
[10]. RIS gdm céc phan tir phan xa gan nhu thu dong va mot bo diéu khién cé thé
ty chinh méi truong vo tuyén, cho phép cac nha thiét ké hé théng kiém soat duoc

c4c dic tinh cua tin hiéu phan xa tir bé mat cua thiét bi [49, 50]. Gan day, cd nhiéu
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nghién ctru vé str dung RIS dé hd tro truyén tin hiéu trong mang vo tuyén mot chiéu
nhu [51-57]. Céc nghién ciu hiéu nang trong mé hinh mang vo tuyén hai chiéu sir
dung RIS ciing dd duoc quan tdm va nhung van con & mirc so khai [58, 59]. Trong
[58], c4c tac gia d4 phan tich xac xuat dung va thdng luong cua md hinh mang hai
chiéu sir dung RIS theo SNR cuaa ngudn phat va sb lwong phan tir phan xa cua RIS.
M6 hinh hoat dong song cong, khéng c6 duong truyén tryc tiép (LoS) giira hai
ngudn, dong thoi gia sir kénh truyén cé fading doc 1ap va tuong hd. Cac pha truyén
tin hiéu cua RIS duogc t6i wu. Trong [59], cAc tac gia co dua hai mo hinh truyén mot
khe thoi gian va hai khe thoi gian trong diéu kién kénh truyén fading Rayleigh
tuong hd va khdng twong hd. Véi mé hinh truyén hai khe thoi gian gidng nhu hai
lan truyén maot chiéu dugc ghép lai, hai nguon lan lugt truyén tin hiéu cho nhau
thong qua RIS. V&i md hinh mot khe thoi gian hai nguon dong thoi truyén tin hiéu
cho nhau nén hai nguon sir dung phuong thuc truyén song cong va chiu anh huéng
ctiia nhiéu vong lap va tu nhiéu do phan xa tir RIS. OP va SE duoc phan tich cho ca
hai truong hop kénh truyén tuong hd va khong tuong hd. Két qua da ching minh
rang toc do tang ctia SE hoac EE giam khi s6 lugng phan tir phan xa cia RIS ting
lén. He thdng véi kénh truyén tuong hd ¢ OP thap hon so Vi truong hop kénh
truyén khdng tuong hd, con SE thi nhu nhau. Cong b [60, 61] nghién cau téi wu
trong mang hai chiéu st dung RIS dé truyén tin gitra nhiéu thiét bi nguoi dung va
mot tram gdc. Trong [60], hé thong da ngudi ding va toi wu hoa ma tran tien ma
hoa cua tram gdc va hé s6 phan xa cua RIS dwoc nghién ctu dé téi da hda tée do toi
thiéu cua tat ca ngudi dung theo cdng sut phat tdi da dé nang cao tinh cong bang
cua nguoi dung. Trong [61] t6i wu dich pha ¢ RIS va ma tran dang chum tai tram
goc dé toi da hoa SNR tdi thiéu caa hai thiét bi nguoi dung, duéi gigi han cong suat
phét tai tram goc. PA cb nhiéu nghién citu vé RIS, tuy nhién cac cong bé tdp trung
trong mang téi wu pha ciia cac phan tiz phan xa va danh gid hiéu nang trong mang
mgét chiéu. Nghién cizu RIS trong mgng hai chiéu sé 1a mét trong cdc hwéng nghién

cueu sinh theec hién trong lugn an.
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Phé tan vo tuyén 1a tai nguyén hiru han va do nhu cau sir dung mang vo tuyén ngay
cang tang nén nhu cau sir dung tai nguyén pho ngay cang lén. Céng nghé CR ra doi
gilp nang cao SE vi cho phép cac cac mang tha cip c6 thé st dung chung dai phd
v6i mang so cap (mang duoc cap phép). Trong [62, 63], tac tac gia phan tich vé OP
ctia mang hop tac hai chiéu voi mot cum thiét bi chuyén tiép trong méi truong CR
dang nén va kénh truyén fading Rayleigh. Vi cong bé [62], hé thdng hoat dong &
ché do HD va chiu su can nhidu cua may phat so cap Ién hai nguon tha cip. Con
trong cong bd [63], hé théng hoat dong & ché do FD va cé phan tich BER va dung
luong kénh trung binh. Cong bd [64] nghién ciu phuong phap ghép kénh phan
OMA véi md hinh gdm mot mang so cdp c6 hai thiét bi nguoi dung va mang thi
cap ¢6 hai ngudi ding trao d6i thdng tin hai chiéu thong qua thiét bi chuyén tiép AF
ban song cong véi kénh fading Nakagami-m. Xéac suét ding hoat dong duoc xem
Xét v4i ba so d6 truyén khac nhau: hai, ba va bdn khe thoi gian. Céc tac gia chi ra
rang cdng suat duoc truyén bai may phat so cap va c4c vi tri cua thiét bi thu phat so
cap ciing nhu thiét bi chuyén tiép ¢ nhiéu anh huong dén OP ciia mang thir cap.
Trong [65], c4c tac gia nghién cau giai phap dé truyén an toan trong mang hop tac
nhan thic hai chiéu, trong d6 ngudn phét nhan thirc vaéi nhiéu anten gidp chuyén
tiép tin hiéu cua hai nguon phat so cap va bao vé cac nguon nay khong bi nghe

trom.
1.3 Céc cong bd trong nuwée vé mang hop tac hai chiéu

Trong [66-69], c4c tac gia sir dung mot chuyén tiép hodc cum chuyén tiép DF va ky
thuat DNC trong md hinh mang hop tac hai chiéu ban song céng vai ba khe thoi
gian. Hai khe thoi gian dau thiét bi chuyén tiép lan leot nhan va giai ma tin hiéu tir
hai nguon va khe thoi gian thi ba thiét bi chuyén tiép ding DNC tao mét tin hiéu
méi va truyén tin hiéu nay vé lai hai nguon. Cac két qua cho thdy OP cua giao thic
sir dung DNC nho hon khéng sir dung DNC. Bong thoi OP giam khi sir dung cum
thiét bi chuyén tiép va khi sé chuyén tiép trong cum tang. Trong [66], md hinh st

dung mat thiét bi chuyén tiép ¢ kha ning thu ning luong tir cac tin hiéu v tuyén
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cua cac nat nguon dung phuong phap PS. Trong [67], md hinh ding cum chuyén
tiép v6i phuong phap lua chon thiét bi chuyén tiép Max-Min SNR tirc thoi cua tin
hiéu nhan duoc tai hai ngudn tha cip trong mang CR hai chiéu. Trong [68] dung
cum chuyén tiép vé6i phuong phap RS co hoi Max- Min ti 1& bao mat c6 thé dat
duoc tir cac chuyén tiép dén hai nat ngudn. Trong [69], md hinh st dung lya chon
chuyén tiép ban phan va toan phan va c6 EH vo tuyén véi phuong phap PS. Trong
d6 lua chon ban phan 14 thiét bi chuyén tiép c6 SNR Ién nhat trong khe thoi gian
dau tién s& duoc chon. Lya chon toan phan la thiét bi chuyén tiép c6 SNR hé thong
I6n nhét s& dugc chon, véi SNR hé thdng bang gia tri nho nhat cua cac SNR dé giai

ma thanh cdng tin hiéu tai hai ngudn.

Trong [70], cac tac gia két hop NOMA duong 1én, DNC dudng xuéng va cum
chuyén tiép trong mé hinh mang hop tac hai chiéu DF. Md hinh st dung hai khe
thoi gian va thiét bi chuyén tiép tot nhat duoc chon bang cach lua chon thiét bi
chuyén tiép co hoi dua trén viéc téi da hoa ty Ié tin hiéu trén nhiéu cong voi tap &m
(SINR) tir cac thiét bi chuyeén tiép giai ma thanh cong cho ca hai nat ngudn trong
khe thoi gian thir hai. TP cua hé thong ting so véi truong hop ding ba khe thoi
gian. Cac két qua quan trong 1a khi sir dung dong thoi NOMA va DNC mang dén
SE t6t hon so voi chi st dung NOMA, va OP giam khi tang s6 luong thiét bi
chuyén tiép va khi phan bd cong sut téi uu @ng véi vi tri cum thiét bi chuyén tiép.
Hé thong c6 xem xét pSIC va ipSIC. Trong [71], c4c tac gia nghién ciu md hinh

tuong ty theo nhung chi xét treong hop pSIC.

Trong [72], mang hop tac nhan thic hai chiéu dang nén véi hé thong tha cap c6 md
hinh giéng [70] st dung NOMA, DNC va cum chuyén tiép. Hé théng hoat dong
trong hai khe thoi gian va cong suat phat cua hai nguon thir cap bi han ché béi cong
suat can nhiéu nhan tai may thu so cap. Thiét bi chuyén tiép thir cip dugc chon sao
cho t6i da hoa kha ning giai ma va giam thiéu thoi gian thu thap CSI tai thiét bi
chuyén tiép. Hé thdng c6 hai giao thirc: NOMA duong Ién va duong xuéng, NOMA

duong 1én va DNC duong xudng. Khi trong cting mot muc tiéu thu ning luong thi
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phuong phap két hop NOMA va DNC cho két qua tét hon vé OP va TP. Trong mé
hinh céc thdng tin kénh truyén duoc gia sir 1a duoc thu thap hoan hao va cé xem xét

hai truong hop triét can nhiéu hoan hao va khéng hoan hao ipSIC/pSIC.

Tiép theo 1a cac cong b lién quan dén danh gia hiéu ning mang hai chiéu cé thu
hoach nang lwong. Trong [73], c4c tac gia dé& xuat thiét bi chuyén tiép AF thu ning
lwong véi giao thirc TS trong hé thdng hop tac hai chiéu co thiét bi nghe trom.
Trong [74], thiét bi chuyén tiép DF thu ning luong vai giao thirc PS va giai ma tin
hiéu cua hai nguon trong hai khe thoi gian dau, ding DNC dé tao ra mot tin hiéu
méi va dung niang luong da thu duoc dé truyén tin hiéu nay vé hai ngudn tong khe
thoi gian tha ba. Trong [75], mé hinh ¢ dudng truyén truc tiép gitra hai ngudn gitp
tang hiéu ning tong thé caa hé théng va xem xét ba kiéu thiét bi chuyén tiép l1a AF,
DF va hybrid-DF. Trong [76], danh gia hiéu niang mang thi cap trong mé hinh hop
tac nhan thic hai chiéu cé thu hoach ning lwong dudi anh huéng cia cac khiém
khuyét vé phan ciing va nhiu ddng kénh tir mang so cap. Trong [77] c6 xem xét
kénh truyén truc tiép trong mang chuyén tiép hai chiéu AF béan song cong c6 EH
v6i md hinh truyén ba khe thoi gian. Thu hoach niang lugng vo tuyén trong mang vo
tuyén hop tac nhan thac hai chiéu dugc nghién ctu trong cac cong bd [78, 79].
Trong [80], cAc tAc gia toi wu hoa cong suat truyén tin hiéu duong Ién va cac hé sé
phan chia cdng suat cho md hinh EH phi tuyén hai chiéu bao mat an toan khi c6 su

hién dién cua mot thiét bi nghe trom.
1.4 Két luan

Trong chuong ndy, cac cbng trinh nghién ciu trong va ngoai nudc lién quan dén dé
tai cua luan an da duoc tong hop va phan tich. Cac cong bé da két hop céc ky thuat
gilip nang cao hiéu nang mang hai chiéu, tuy nhién da sé cac nghién cau con gia
dinh hé théng hoat dong trong cac diéu kién ly tuang. Nghién ciru sinh nhan thay
can xem xét trong cac diéu kién thuc té hon dé danh gia hé thong mot cach toan

dién hon. Va nghién ctu sir dung RIS trong mang hai chiéu van con & mic so khai.
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Vai cac nhan dinh trén, nghién cau sinh chon hudéng nghién cau cho luan an nhu

Sau:

Két hop cac ky thuat va giai phap nang cao hiéu ning mang hop tac hai chiéu
nhu ma héa mang, da truy cap phi truc giao va cac phuong phap RS téi vu dé
tan dung cac wu diém nhu giam thoi gian truyén, ting théng leong hé thong,
giam xac xuét dirng va tao su cong bang gitta cac thiét bi. Bong thai xem xét hé

théng trong céc diéu kién thuc té nhu ipSIC va ipCSl.

Str dung bé mat phan xa théng minh thay cho céac thiét bi chuyén tiép AF trong
hd tro truyén thdng va sir dung céng nghé CR dé tang hiéu qua sur dung pho,

hiéu qua sir dung ning lwong va tiét kiém chi phi trong van hanh hé thong.

Thu hoach ning luong vo tuyén trong hé thdng hop tac hai chiéu chi phi thap va
han ché vé tai nguyén nhu mang WSN va hé thdng loT dé ting EE va tang thoi
gian hoat dong cua thiét bi. Bong thoi ciing xem xét diéu kién thuc té mach EH

la mot ham phi tuyén tinh cua cong suét tin hiéu dau vao.
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Chuwong?2. COSOLY THUYET

2.1 Mang hop tac hai chiéu

Mang hop tac hai chiéu gom hai thiét bi nguoi dung (hay hai nguén) va cac thiét bi

hd tro truyén thong tin (thiét bi chuyén tiép truyén théng AF, DF hoic RIS).

Uu diém cua mang hai chiéu va mang hop tac hai chiéu so véi mang mot chiéu:
- Céc thiét bi déu c6 kha ning truyén va nhan tin hiéu.

- Nang cao hiéu qua sir dung pho.

- Mo¢ rong vung phu séng.

- Giam anh huéng cua suy hao duong truyén.

- Tang dung luong va giam tiéu thu dién nang.

Céac mo hinh truyén nhan tin hiéu ciia mang hop tac hai chiéu nhu hinh 2.1. Trong
d6 Sy va Sy 1a ki hiéu cta hai nguon; xi, X2 1a hai tin hiéu duoc truyén tuong tng Véi
hai ngudn dén ngudn con lai; R 1a thiét bi chuyén tiép; xr 1a tin hiéu ma thiét bi
chuyén tiép ma hoa tir hai tin hiéu thu duoc X1, X2 va R s& truyén Xr vé lai hai
ngudn. Trong cac hinh 2.1a, b, ¢ hai ngudn va thiét bi chuyén tiép hoat dong & ché
d6 HD. Con hinh 2.1d hé théng hoat dong ¢ FD.

- M6 hinh bén khe thai gian (mang hop tac hai chiéu co ban): nit ngudn Si
truyén tin hiéu dén nguon S, théng qua thiét bi chuyén tiép trong hai khe thoi
gian dau tién, va sau d6 S, truyén tin hiéu nguoc lai cho S trong hai khe ké tiép
[14].

- M hinh ba khe thai gian: hai nguén lan luot truyén dit liéu dén thiét bi chuyén
tiép khi khong cé duong LoS hodc truyén dén thiét bi chuyén tiép va ngudn con

lai khi c6 duong LoS trong hai khe thoi gian dau, sau dé thiét bi chuyén tiép s&
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ma hoa lai thanh mot tin hiéu méi xr va truyén tin hiéu xr vé hai nguén trong

khe thoi gian tha ba [16, 17].

v

Thoi gian
b. M6 hinh truyén 3 khe thoi gian.

Xr

>
»

s R

Thoi gian

c. Mé hinh truyén 2 khe thoi gian.

A\

Thaoi gian
d. Mé hinh truyén 1 khe thoi gian.

Hinh 2.1: Cac mé hinh truyén nhdn tin hiéu ciia mang hop tac hai chiéu

- M5 hinh hai khe thoi gian: hai nguén dong thoi truyén tin hiéu dén thiét bi

chuyén tiép trong khe thoi gian dau, sau do thiét bi chuyén tiép s& ma hoa lai

thanh mat tin hiéu méi xr va truyén tin hiéu nay vé hai nguon trong khe thoi

gian con lai [19] [70].
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- Mb hinh mét khe thoi gian: hai ngudn va thiét bi chuyén tiép hoat dong & ché
d6 FD, c6 hai anten dé thu va phat tin hiéu déng thoi. M6 hinh nay c6 thé c6 mot

duong truyén qua chuyén tiép hodc c6 thém duong truyén truc tiép [27].

Tuy theo loai thiét bj chuyén tiép 1a AF hay DF va tly theo céc giao thic va ky

thuat duoc st dung ma xr duoc tao ra bing cac cach khac nhau.

Cac ky thuat két hop phan tap thu tai nguon thu déi véi hé théng cd duong LoS va
duong truyén qua thiét bi chuyén tiép nhu sau: két hop chon loc (SC), két hop ti 18
cuc dai (MRC) va két hop dong do loi (EGC).

- Ky thuat két hop chen loc: 1a chon ra mét trong hai dudng truyén cé hiéu niang
tdt hon dé thu nhan tin hiéu véi tiéu chi lya chon téi wu dwa trén SNR cua ting

duong.

- Ky thuit két hep ti Ié cuc dai: 1a thyc hién diéu chinh tin hiéu trén cac duong
phan tap dong pha véi nhau roi nhan céc trong so két hop mot cach can xuang
theo ti 16 SNR va cong lai véi nhau. So véi phuong phap SC, phuong phép
MRC c¢6 hiéu ning tt hon.

- Ky thuat két hop dong d@d lei: 1a thuc hién diéu chinh dong pha gibng MRC
nhung céc trong sb két hop 1a ciing d6 Ion. Pay 14 truong hop riéng caa MRC va
EGC c6 d lgi phan tap thap hon MRC.

2.2 Cac ky thuat nang cao hiéu ning mang hep tac hai chiéu
2.2.1 Mi héa mang so

M4 hda mang sb c¢6 wu diém 1a 1am giam khe thoi gian truyén trong mang hop tac

hai chiéu ding cho thiét bi chuyén tiép DF dan dén ting thong luong hé thong.

Nguyén tic hoat dong: sau khi thiét bi chuyén tiép nhan tin hiéu x1, X2 tir hai nguén,

s& giai ma hai tin hiéu nay va ma hoa lai thanh mot tin hiéu moi xr bang cach su
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dung phép toan XOR hai tin higu x1, X2 (Xr=x1®x2, @ 14 XOR) [16]. Sau d6 thiét bi
chuyén tiép phat xr vé& hai ngudn. Tai mdi ngudn sau khi nhan duoc tin hiéu xr
ciing str dung phép toan XOR tin hiéu xr véi tin hiéu cua chinh n6 dé thu duoc tin

hiéu mong muén (tai S1 Xi®Xr=x1DX1BX2=X2 h0iC tai Sz X2BXR=X2DX1DX2=X1).
2.2.2 Pa truy cap phi trwe giao mién cdng suit va triét can nhiéu tuin tw

Ky thuat NOMA c6 vu diém la gilp ting SE, ting luong ngudi ding va ting tinh
cdng bang giita cac ngudi dung so vai ky thuat OMA [7]. K§ thuat NOMA c¢6 hai
loai NOMA mién cong suat va NOMA mién ma. Nén tang trong NOMA mién cong
suat 1a truyén da dit liéu (da ngudi dung) bang cach chia sé cac tai nguyén nhu thoi
gian, tan sé va ma trong cung mot 16p khdng gian & cac mic cong suat khac nhau
6, 7].

Trong NOMA mién cbng suat ding ky thuat ma hoa xép chong va triét can nhiéu

tuan tu trong xi 1y tin hiéu thu phat.

- M4 hoda xép chong: 1a ky thuat truyén thong tin dén nhiéu thiét bi thu caa ciing
mot nguon phét. Mot tin hiéu tong hop s& dugc nguon phat tao ra, trong do
nguon phét s& phan bd cong suat phat khac nhau cho tirng tin hiéu tly theo diéu

kién kénh truyén caa tirng thiét bi thu [81].

- Triét can nhiéu tuan tu: 12 k§ thuat giai ma tin hiéu tai cac thiét bi thu (thiét bi
nguoi dung). Khi tin hiéu cia mot nguoi dung da duoc giai ma xong thi s€ bi
loai bo trong tin hiéu tong hop truéc khi giai ma tin hiéu cua ngudi dung tiép
theo. Khi moét tin hiéu duoc giai ma thi sé coi tin hiéu cua cac nguoi dung con
lai 1a can nhiéu. Thtr tu giai ma trong SIC dua theo cuong do cua tung tin hiéu.
Tin hiéu cua ngudi ding ndo ¢ cudng do manh nhat s& duoc giai ma dau tién va
tiép theo 1a tin hiéu yéu hon, qua trinh Iap lai cho dén khi giai ma hét cac tin

hiéu. Trong thyc té, khi sir dung SIC gip cac van dé nhu do phuc tap, ton tai can
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nhiéu du sau khi thuc hién bo can nhidu. Khi d6 dugc goi la triét can nhiéu tuan
tu khéng hoan hao [27, 29].

Trong NOMA mién cong suat c6 thé phan ra md hinh: NOMA duong xubng co
ban, NOMA dudng xudng hop tac, NOMA dudong Ién.

NOMA duong xudng co ban [7]: md hinh gdm mot ngudn phét truyén théng
tin dén hai thiét bi thu. Tai ngudn phét tong hop cac tin hiéu bang ma hoa xép
chdng vai ti 1é cong suat truyén khac nhau dé tao cong bang cho cac nguoi dung.
Nguyén tic la phan bo cbng suat cao hon cho thiét bi c6 diéu kién kénh truyén
yéu (hay & xa ngudn) va cong suit thap hon cho cac thiét bi thu co diéu kién
kénh truyén tot hon (hay & gan ngudn hon). Cac thiét bi thu s& sir dung SIC dé
giai ma tin hiéu. Tai thiét bi nguoi ding gan c6 hai bude: dau tién s& giai ma tin
hiéu cua thiét bi nguoi ding xa va coi tin hiéu cua nguoi dung gan 1a nhiéu, sau
do6 trir di tin hiéu cua thiét bi nguoi ding xa trong tin hiéu tong va giai ma tin
hiéu cua cua ngudi ding gan. Tai thiét bi nguoi dung xa s& giai ma tin hiéu cua
ngudi ding xa va coi tin hiéu caa thiét bi nguoi dung gan la nhiu. Hinh thic co
ban cia NOMA véi SIC khai thac su khac biét ti 1¢ tin hiéu trén can nhiéu giira
nhitng thiét bi ngudi dung, hodc khoang cach gan xa tu nhién hoic bai phan b

cong suat khac nhau tai may phat.

hiéu ctia D, hiéu cta D, hiéu ctia D,

Giai ma tin Trir di tin Gidi ma tin >
» — e — .

/_'_\_*_\_H-‘H-.

S - Giai ma tin
e o
| hiéu cta D,
[

Neuoi dimg 2

Hinh 2.2: M6 hinh NOMA duwrong xuéng co ban [7]
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NOMA dwong xudng hop tac: md hinh gdm maot ngudn phét truyén tin hiéu
dén hai thiét bi nguoi ding. M6 hinh c6 hai treong hop d6 1a qua trinh truyén tir
ngudn phat dén cac thiét bi nguoi dung duoc hd tro bai thiét bi chuyén tiép [22,
24] hoic ngudi dung gan cd chtc nang chuyén tiép [6, 21]. Biéu nay cai thién
do6 tin cay cua tin hiéu nhan dugc cta nguoi dung xa so véi NOMA co ban.
NOMA hop tac ciing dugc xem Xét ¢ hai truong hop khéng cé va cé duong LoS
gitta ngudn va nguoi ding xa [24]. Truong hop c6 duong LoS gitp cho ngudi

dung xa c6 dugc sy da dang trong qua trinh nhan tin hiéu.

N Giai ma tin Trir di tin Gidi ma tin
ul 1A Kl —_—* =n 7 I o 7 i
hiéu ctia D, hiéu ctaa D, hiéu ctaa D,

—_
- -
_—_—
—_
= ——
— -

/f___\“-\
~~~~~ Gidi ma tin

hiéu cta D,

Ngudi ding 2

Hinh 2.3: M6 hinh NOMA hop tdc dwong xudng cé nguoi diing gan ¢6 chite ning
chuyén tiép [21]

Thiét b IoT xa

Hinh 2.4: M6 hinh NOMA hop tdc duwong xuéng cé thiét bi chuyén tiép [24]
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NOMA dwong [én: md hinh gdm hai ngudn phat va mét thiét bi thu. Trong md
hinh ca hai nguon dong thoi phét tin hiéu dén thiét bi thu va thiét bi thu s& thu
duoc mot tin hiéu téng. Thiét bi thu sir dung SIC dé giai ma tin hiéu cua ngudn
gan (hay ngudn c6 c6 cong suét tin hiéu tdt hon) trudc va coi tin hiéu cua ngudn
xa la nhiu. Sau d6 thiét bi chuyén tiép s& trir tin hiéu ctia ngudn gan da duoc

giai ma trong tin hiéu tong va giai ma tin hiéu caa nguon xa [26] [32, 70].

Nguo1 dung 1 ] Nang luong

Dy
Thoi gian («’ )))
A A __/ Nfl]flg llIUIlg
Tan so
o Ning lrong D -
Nguoi dung 2 I g 1 —
, L D, Thoi gian
D; ;
Thot gian Tan s6
Tan s6 BS

Hinh 2.5: M6 hinh NOMA duong |én [26]

Trong mang hop tac hai chiéu cé thé ap dung k§ thuat NOMA cho duong 1én [70,

71], duong xubng hoic ca hai duong 1&n va xudng [32].

2.2.3 K§ thuit lra chon chuyén tiép

Cac ky thuat RS duoc st dung khi trong mang c6 mot cum chuyén tiép va mot

chuyén tiép tot nhat theo mat tidu chi cu thé s& dugc chon dé hd trg truyén nhan

thong tin. Cac phuong phap RS trong mang hop tac nhu sau:

Phuong phap luva chon téi vu chinh xac, toi wvu gan dung, lya chon ngau nhién
[35].
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- Phuong phap lua chon toan phan: Max SNR hé thdng caa mang hop tac hai
chiéu [69].

- Phuong phap lya chon béan phan:

+ Max d6 loi kénh truyén, Max SNR duong 1én trong khe thoi gian dau [69,
79, 82].

+ Min cua tong SER [33], Max-Min SNR [33], Max-Min d¢ lgi kénh truyén
[34] , Max- Min ti I& bao mat [68] duong Ién tai thiét bi chuyén tiép cua mang
hop tac hai chiéu.

+ Max SINR, Max-Min SINR dudng xudng trong khe thoi gian cudi cia mang
hop tac hai chiéu DF [67, 70, 71].

Phuong phap lya chon tdi wu gan ding giam do phic tap so voi t6i wu chinh xac.
Céc phuong phap lua chon thiét bi chuyén tiép toan phan mang lai két qua toan dién
hon nhung Xt ly phirc tap hon va can nhiéu thoi gian thu thap CSI hon so véi lya

chon thiét bj chuyén tiép ban phan va ngau nhién.
2.2.4 Thu hoach ning lwong vé tuyén

EH v6 tuyén trong mang hop tac 1a thiét bi chuyén tiép cé kha nang thu ning lwong
tir s6ng dién tir cua cac ngudn phat va dung ning lugng thu dugc dé hd trg truyén

tin hiéu.

C6 hai giao thitc EH [36]: phan chia theo cong suat (PS) va phan chia theo thoi
gian. Trong giao thac phén chia theo thoi gian, thoi gian hoat dong dugc chia thanh
it nhat hai khe thoi gian: mot khe thoi gian cho EH va céc khe thoi gian con lai dé
xu |y tin hiéu. DSi vai md hinh PS, trong ciing mot khe thoi gian tai thiét bi chuyén
tiép vira thu hoach ning luong vira nhan va xu ly tin hiéu. Cong suit tai ngudn phat

s& phan chia thanh hai phan cong suat thip hon cho EH va truyén tin hiéu.

Céc nghién ciru vé EH duoc chia thanh hai huéng: EH tuyén tinh va EH phi tuyén.
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EH tuyén tinh: gia st diéu kién ly tuéng 1a mach EH cd thé thu hoach duoc ning
lwong thay doi tuyén tinh theo cong suat tin hiéu dau vao. Pa s6 cac nghién ciu

trong mang hai chiéu chon EH tuyén tinh [74, 75].

EH phi tuyén: thuc té mach EH duoc tao boi cac linh kién dién tr c6 ham truyén
phi tuyén. Nén khi ning luong thu hoach dén mot mic ngudng toi da thi s&
khong thu hoach thém duoc nira [46, 83]. Do d6 dé cac két qua nghién cau
mang tinh thuc t& hon can xem xét EH phi tuyén khi phan tich hiéu ning cua hé

théng.

2.2.5 Bé mit phan xa thong minh c6 thé cau hinh lai

RIS duoc ghép bai cac phan tir phan xa thu dong duoc goi 1a siéu bé mat MS va c6

mot b diéu khién c6 thé thay d6i cac dic tinh tan xa, phan xa va khlc xa caa song

v tuyén toi bé mat [84]. Bé thu nhan thong tin trang thai kénh truyén giita RIS va

thiét bi nguoi ding, mdi phan tr phan xa cua RIS duoc trang bi chudi tan sé vo

tuyén thu cdng suat thap c6 kha ning udc luong kénh va cac thong tin kénh tir thiét

bi ngudi ding dén RIS cd thé duge udce tinh tai RIS dua trén huan luyén céc tin hiéu

nay [85]. Va RIS duoc md hinh hoa dudi dang bd khuéch tan, khi kich thudc cua

ching tuong duong va4i budc sdng cua mang dudi 6GHz [57].

Mot sb diém riéng biét cua RIS nhu sau:

RIS c6 thé diéu khién duoc céc thong sé caa song phan xa nhu pha, bién d, tan
sb va sy phan cuc cua tin hiéu ma khong can céac hoat dong giai ma, ma hoa va

xtr ly tin hiéu phtec tap nhu cac thiét bi chuyén tiép [10].

RIS c6 dac diém la thu dong gan nhu khdng can ning luong dé hoat dong, chi
can ngudn cdng suat thap cung cap cho bo diéu khién [84]. Do d6, viéc trién
khai RIS tiét kiém niang lwong va than thién véi moi truong hon cac hé thong

AF va DF thong thuong.
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- RIS khéng can phan cting phic tap, RIS khéng bi anh huong boi nhiéu may thu
vi RIS khéng can cac bo chuyén dbi va bo khuéch dai cong suat, ciing nhu

khong tao ra nhiéu khi phan xa tin hiéu.

- RIS c6 thé hoat dong moi dai tan sé va ¢ ché do song cdng. Tang hiéu qua st

dung phd khi sé lrong phan tir phan xa tang.

- RIS duoc trién khai d& dang va tiét kiém, c6 thé gan 1&n cac bé mat nhu tran nha,
tuong, bién quang cao bén duong, bang huéng dan trén duong cao téc, cta sd
xe, bat ky bé mat db vat nao trong méi trudng trong nha va ngoai troi vai chi phi
thap [49].

MS

B6 diéu khién RIS

Hinh 2.6: M6 hinh bé mdt phan xg théng minh [84]

Véi cac diac diém trén, RIS co thé tao ra mot méi trudng truyén dan vo tuyén thuan
loi véi chat lwong tin hiéu nhan cao, tiét kiém chi phi trién khai, it ton dién ning,
ting SE, dong thoi giam thoi gian xir ly tin hiéu so véi cac thiét bi chuyén tiép
truyén théng, va dic biét RIS 1a mot céng nghé trién vong dé nang cao EE [52] cua

hé thdng vé tuyén trong tuong lai.
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2.2.6 Cong nghé vé tuyén nhén thirc

Cong nghé CR gilp cai thién hiéu qua st dung pho tan trong diéu kién nhu cau st

dung phd tan vo tuyén ngay cang tang, tai nguyén phd tan lai hitu han va hiéu qua

sir phd tan duogc cap phép con thap [86]. Cong nghé CR cho phép cac mang thi cap

truy cap va st dung chung dai tan véi mang so cap (mang da duogc cap phép su

dung dai tan). Véi diéu kién mang thi cap khéng dugc anh huong dén qué trinh

truyén nhan tin hiéu va chat legng dich vu cia mang so cap.

C6 ba mé hinh hoat dong cho mang CR[9]: dang nén (underlay), dang chong chap

(overlay) va dang dan xen (interweave).

M& hinh CR dang nén: mang so cip va thir cdp cung hoat dong song song.
Nhung diéu kién 12 nguon phat thir cip phai diéu chinh cong suét phat di nho dé
cdng suat can nhiéu nhan tai thiét bi thu so cap phai nhé hon mét gia tri ngudng.
Uu diém 1a mang thir cap c6 thé dugc hoat dong bat ki lGc nao. Nhuoc diém cua
mang CR dang nén 1a viing phu séng thudng nho. Bong thoi trong md hinh CR
dang nén, ngudn phét thir cdp can phai biét chinh xac CSI cua kénh truyén can
nhidu tir nguon phat thir cap dén thiét bi thu so cap, ma thuc té CSI co tré va co
15i nén dan dén mang thir cip khong dam bao muac ngudng can nhiu cua thiét bi
thu so cap. M6 hinh ndy d& duoc s dung nhiéu trong nghién ctu ciing nhu

trong thuc té.

M hinh CR dang chong chap: mang thir cap va so cap hoat dong song song
v6i yéu cau hai mang phai trao doi thdng tin va két hop 13n nhau dé tranh can
nhiéu. Nhuoc diém 1a céc ky thuat xu ly tin hiéu rat phac tap. Va hién nay mo
hinh loai ndy van dang duoc nghién ciu do cac gia su va diéu kién can thiét dé

trién khai mang chua thyc té.

M hinh CR dang dan xen: mang thir cdp va so cap hoat dong dan xen theo

khong gian va thoi gian. Mang tha cip s& phét tin hiéu néu phat hién ra 15 phd
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va |5 phd nay dam bao vé yéu cau chat lugng cia mang the cap. Biéu kién dit ra
la mang tht cap phai biét dugc chinh xac théng tin hoat dong truyén nhan cua
mang so cap. Va mang thtr cap phai ding hoat dong khi mang so cap hoat dong
tré lai dé khong gay can nhiéu cho mang so cdp. Nhugc diém 1a kha nang dap
ng thoi gian thuc cua mang thir cip hoan toan phu thudc vao hoat dong cua
mang so cdp. Va néu mang so cap hoat dong lién tuc thi mang tha cp cé thé

khdng dam bao hoat dong.
2.3 Kénh truyén vo tuyén

Kénh truyén vo tuyén 1a moi trudng dé truyén thdng tin giira cac thiét bi thu phat.
Trong thuc té tin hiéu dugc truyén di trén kénh truyén vo tuyén cé thé bi can tro boi
cac toa nha, nli non, cay cbi va cac vat thé khac, dan dén tin hiéu c6 thé bi phan xa,
khic xa hay tan xa... dugc goi chung 1a fading. Piéu nay dan dén céc hién tugng
anh huong dén chat lugng kénh truyén nhu hién twong da duong, hiéu tng bong
ram va lam suy hao tin hiéu trén duong truyén. Khi cac tram thu phat di dong con
gay ra hiéu tng Doppler. Bé danh gia dic tinh caa kénh truyén vo tuyén, cac nha

nghién ctru dua ra cac mo hinh toan hoc mé ta kénh truyén.
2.3.1 Mb hinh toin hoc md ta kénh truyén vé tuyén
M6 ta todn hoc cuia mot s6 kénh truyén duoc str dung phd bién nhu sau:

2.3.1.1 Kénh phan bé fading Rayleigh.

h, d
s 12

Hinh 2.7: M6 hinh kénh phan bé fading Rayleigh

Trong Hinh 2.7,(h,d) 1a h¢ s6 kénh va khoang cach tir ngudn phat téi thiét bi thu S-

D. Mb hinh kénh truyén fading Rayleigh dwoc sir dung nhiéu trong cac nghién ciu
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vé mang mét chiéu ciing nhu mang hai chiéu. M6 ta toan hoc cua kénh truyén duoc

xay dung tir gia thiét tin hiéu di tir ngudn phat tgi thiét bi thu bi phan xa trong moi
truong truyén. Do loi kénh truyén Rayleigh fading g = |h|2 duoc mo ta toan hoc voi

ham mat d6 phan bb xac suat (PDF) va ham phan bb xac suét tich liiy (CDF) tuong

ung nhu sau:

1 -t
fo="e*, (2.1)

1
F,(t) =Pr[g <t]=1-e . 2.2)

Trong 46 A=d ™ véi B la hé sé mil suy hao va thay ddi tiy theo mdi truong

truyén tin (d6 thi, can do thi, ndng thon).

2.3.1.2 Kénh phan bé fading Rician.

h, K, d
5 {o

Hinh 2.8: M6 hinh kénh phan bé fading Rician

M6 hinh kénh truyén fading Rician duoc st dung khi tin hiéu nhan duoc
tai thiét bi thu phan I6n dén tir duong truc tiép trong tim nhin thang. Do loi kénh

truyén fading Rician y dwoc mo ta toan hoc véi ham PDF va CDF tuwong tng nhu

Sau.

(kR
=15l
y y (2.3)

= ye KOy (2 Kz//x), x>0
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FyD(x)=1—Q{JR , M} X>0. (2.4)
v

Trong do I,(-) la ham Bessel bac zero, K 1a ti 1¢ cong suat dén tir hudng truc tiép
so voi huéng khac do tan xa, da dudong. Q(,-) 1a ham Marcum bac nhét,

2
- 5P s A . . .
Ll , y=dP—— | P 1a cong suit phat ctia S vd D chiu anh hudng cua

No No

YD =
nhiéu cong phan b Gaussian (AWGN) ¢0 tri trung binh bang 0 va phuong sai No.

2.3.1.3 Kénh phan b fading Nakagami-m.

Hinh 2.9: Md hinh kénh phan bo Nakagami-m fading

Do lgi kénh truyén fading Nakagami-m yp dugc mo ta toan hoc véi ham PDF va

CDF tuong trng nhu sau:

fmw(%} ﬁxm—le‘ﬂ,xzo, (25)
F(m,gx)
3 y = TI'(mAx)

F,(X)= ) = T(m) ,X=0. (2.6)

Trong @6 I'(x) va I'(c,x) la ham Gamma va ham Gamma khong hoan chinh,

Plhf

o y=dPP/Ny, A=m/y vam lah¢ sé kénh Nakagami-m.
0

VD =
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2.3.2 Théng tin trang thai kénh truyén

CSI cung cap céc thoéng tin vé do loi kénh tuc thoi cho biét dic tinh caa kénh nhu
su anh huong cua phan xa, nhidu Xa, tan xa, su suy hao céng suat tin hiéu theo
khoang cach [87]. CSI c6 vai trd quan trong trong hoat dong cua cac hé théng vo
tuyén gilp cho viéc thich ¢ng cua duong truyén véi diéu kién kénh hién tai, gitp
dat duoc do tin cay va toc do cao. CSI dic biét quan trong trong cac ky thuat giai

diéu ché két hop va lua chon thiét bi chuyén tiép téi uu.

CSI ¢6 thé chia thanh ba loai: CSI day da, CSI mot phan va CSI thong ké. Nguon
phat biét CSI day du khi biét ca hai gia tri bién d6 va pha cua do loi kénh truyén.
Khi ngudn phat chi biét bién do cua CSI duoc goi Ia chi biét mot phan. Con CSI
thong ké 1a ngudn phat chi biét cac thugc tinh twong quan ctia kénh truyén nhung
khong biét gia tri tiac thoi caa CSI. Cac CSI can dugc ude luong tai cac thiét bi thu
trong giai doan thiét 1ap va phan hoi vé lai thiét bi phat qua céc ban tin 16p MAC
[1]. Thuc té, cac CSI c6 thé dugc xac dinh khong chinh xé&c vi cac nguyén nhan nhu
15i trong quéa trinh wdc tinh CSI ctia may thu hoac phan hoi CSI tir thiét bi thu vé
thiét bi phat bi 15i thoi do cac CSI thay ddi theo thai gian (15i tré phan hdi) [88-93].

Pa s c4c nghién ciru déu gia st CSI hoan hao 1a cac thiét bi thu phat déu biét chinh
xéac CSI cua kénh truyén. Trong luan an nay nghién citu sinh ¢ xem xét truong hop

khong biét hoan toan chinh xac CSI hay duoc goi 1a CSI khoéng hoan hao do tré

phan hdi. Mdi quan hé giita do loi woc luong hr va do loi thuc té h, cia kénh

truyén f dwoc biéu dién bing cong thic:

e =pihy +(y1- o Jer, 27)

Trong do:
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g¢ la ki higu cho 18i uéc lugng, &, 1a RV c6 phan bé Gaussian phic vai tri

trung binh bang 0 va phuong sai A; .

p¢ 1a hé sé tuong quan dic trung cho chat lugng trung binh cta cic uéce
lwong kénh. p, nam trong khoang [0,1], néu p; =1 la kénh truyén dugc wéc lugng

chinh xac.
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Chuwong 3. MANG HQP TAC HAI CHIEU SU DUNG
KY THUAT TRIET CAN NHIEU TUAN TU VA MA
HOA MANG SO

3.1 Giéi thi¢u

Noi dung cua chuong nay la cac két qua nghién ciru trong cong trinh [P2] da duoc
cdng bd cua nghién cuu sinh voi tiéu dé “Cancel-Decode-Encode Processing on
Two-Way Cooperative NOMA Schemes in Realistic Conditions”, trén tap chi

Wireless Communications and Mobile Computing (SCIE), nam 2021.

Gan day, nhiéu céng trinh nghién cttu vé mang vo tuyén hop tac hai chiéu da dung
cum chuyén tiép, ky thuat NOMA, DNC hoac két hop céc ky thuat nay nham nang
cao hiéu nang mang [27-29, 70]. Tuy nhién da sé cac nghién cau gia dinh md hinh
trong cac diéu kién ly tuong pSIC va pCSI. Nhung thuc té cac 16i khéng mong
mudn trong qué trinh giai ma khi sir dung ky thuat SIC trong NOMA van xay ra,
dan dén khi giai ma tin hiéu sau s& phai chiu mét tin hiéu nhiu con s6t lai cua tin
hiéu dugc giai ma truéc. Va trong hau hét cac tng dung thyc té, CSI khong thé
duoc do luong mot cach hoan hao vi cac nguyén nhan nhu 16i trong qua trinh wéc
tinh hoac 151 phan héi cham tré. Do d6, viéc xem xét tac dong cua ipSIC va ipCSl
d6i vai hoat dong cua hé thong 1a can thiét. Trong mot céng b cua nghién ciru sinh
[94], d& cho thay uu diém cua ky thuat NOMA va DNC gidp nang cao théng luong
cua mang hop tac hai chiéu sir dung mot chuyén tiép, dong thoi ciing cho thay su

anh huong dang ké cua ipSIC va ipCSI dén hiéu nang cua hé thong.

Trong chuong nay, md hinh mang hop tac hai chiéu gom hai nguén va mot cum
thiét bi chuyén tiép duoc dé xuit voi muc tiéu ting TP va giam OP cua hé théng.

M6 hinh két hop st dung ky thuat SIC, DNC va lya chon chuyén tiép ban phan (goi
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la giao thirc SIC-2TS) va hoat dong & ché do HD. Xac xuat dirng va thong luong
cua hé théng duoc xem xét trong cac diéu kién pSIC/ipSIC va pCSl/ ipCSI. Bén
canh d6 giao thtc st dung phuong phép lwa chon thiét bi chuyén tiép tai giai doan
thiét 1ap boi giao thic 16p MAC sao cho téi da kha ning giai ma cua nguon gan hon
va phuong phép nay giam thiéu thoi gian thu thap cac CSI [82] so véi cac phuong
phap RS khac [70].

3.2 M6 hinh nghién ciru

M@ hinh mang hop tac hai chiéu nhu Hinh 3.1 gém hai nguon S, va S, va mét cum

N chuyén tiép DF R;, véi i €{1,2,..N}.

x=x Dx,

Khe thoi gian thir nhat: >
Khe thoi gian thirhai: - - - ____ N

Hinh 3.1: Mé hinh mang hop tac hai chiéu SIC-2TS.

Céc gia thiét khoa hoc str dung cho mé hinh cua chuong nay nhu sau: CAc ngudn va
chuyén tiép déu c6 mét anten, hoat dong ¢ ché d6 HD; Puong truyén tryc tiép giira
cac ngudn khong thue hién duoc do fading nghiém trong va suy hao tin hiéu trén

duong truyén 16n, do d6 hai ngudn chi truyén duogc tin hiéu thong qua cac thiét bi
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chuyén tiép [4, 5]; Cac chuyén tiép nam trong mot cum gan nhau [79] nén khoang
céch gita mdi ngudn dén cac chuyén tiép duoc xem nhu nhau, d, va d, la khoang
cach twong tng tir S1 va Sz dén cum thiét bi chuyén tiép; Céc kénh truyén chiu anh
huong boi fading Rayleigh; Gia st bo wdc luong kénh cua céc thiét bi hoat dong

chinh xac [95] va ipCSI xay ra do tré phan hdi.
3.3 Qua trinh truyén nhén tin hi¢u va ti s6 tin hiéu trén nhiéu

Qua trinh truyén nhan thong tin trong mé hinh nay duoc dién ra trong hai khe thoi
gian. Pau tién trong giai doan thiét lap maot thiét bi chuyén tiép duoc chon bang
cach tbi da hoéa do loi kénh uéc tinh dé nang cao kha ning giai ma cua ngudn gan
hon va giam thiéu thoi gian thu thap CSI khdng hoan hao. O khe thoi gian thir nhat
ca hai ngudn cuing truyén tin hiéu dén cum thiét bi chuyén tiép va thiét bi chuyén
tiép da duoc chon R, s& dung SIC dé giai ma tin higu caa ngudn gan. Sau do6 thiét
bi chuyén tiép s& loai bo tin hiéu ciia nguon gan trong tin hiéu téng hop va giai ma
tin hiéu cua ngudn xa. Tiép theo, thiét bi chuyén tiép dung ki thuat DNC tao ra mot
tin hiéu mai bang toan tir XOR hai tin hiéu da duoc giai ma. Trong khe thoi gian
con lai thiét bi chuyén tiép sé& truyén tin hiéu da duoc ma hoa nay vé hai nguon. Tai

mdi nguon sé& loai trir tin hiéu ciia chinh minh va giai ma tin hiéu ciia nguon con lai.

Trong khe thoi gian dau, tin hi¢u thu duoc tai R; 1a:

VGi X, VA X, la cac tin higu dugc truyén béi cac nguodn S; va S, twong Gng; oy Ps
Va a,P; tuong ting la cong suét truyén cua tin higu x, va X,; Véi ayva a, 1a hé sé
cOng suat co thé gitp tang tinh céng bang giira hai ngudn (cong suat truyén cao hon

nén dugc cap cho nguon xa cum thiét bj chuyen tiép hon [27], (0< ey, @, <1); g
la nhiéu tring c6 phan bd AWGN, CN (0,Ny) tai céc niit thiét bi chuyén tiép; hs |

hes, V6i k e{1,2} lahe s kénh truyen cua két ndi S, —R; va R; —S;.
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Do c6 xem xét dén truong hop ipCSI nén ta c6 hé s wéc lwong kénh truyén hy

duoc biéu dién theo hé s6 kénh truyén h, nhu sau [88-92]:

hi = pihy +(,/1—pf2)5f, (3.2)

voi f e{SRi,RS} va & 1akihiéu cho I6i udc lugng; &; va ht 1a cac bién ngau
nhién (RV) c6 phan bé Gaussian phtc (gf e ~CN(0, 4 ))[88, 89]. B&n canh d6
cac hé s twong quan 0< p; <1 la hang sb dic trung cho chat lwgng trung binh cua
cac uéc lugng kénh (khi p, =1 la khéng bi tré phan hoi [88, 89]). Bé don gian
trong phan tich toan, gia dinh rang p; = p cho tat ca cac thiét bi, p =1 1a pCSI, va

2 2

p <1 1aipCSI. Do loi kénh truyén uéc luong gs g =|hs,r | Va grs, =|NRrs,| la céc
RV c6 phan bé mii, véi cac ham PDF va ham CDF tuong Gng nhu sau:
fo o =f (x)= L ea (3.3)
gSkRi - gRiSk - ﬂ’k ! )
ngkRi (x) = FgRisk (x) =1-e", (3.4)

VoI A =g p =Ags, =" Va B 1ah¢ sé mil suy hao duong truyén [68].

Thay (3.2) vao (3.1) ta c6 biéu thic tin hiéu nhan duoc tai cac thiét bi chuyén tiép

nhu sau:
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\/T GSlRi_ “l_ngisi \/7 GSZRi_ '1_'02832Ri

Yr =y &Fs 5 X + Py 5 Xp +Ng,

2

JayPs ~ JaoPs 2 \1-
= N5 hor X + X2 S hsr Xy — Py L Esr X~ (3.5)
P P P

2
Mo hinh dugc dé xuit co tinh ddi xing nén dé dé theo ddi hon trong cac biéu thirc
S,, duoc dit 1a ngudn gan, S, 1a ngudn xa cum thiét bi chuyén tiép hon, va d, <d,
véi (n,d)e{(1,2),(21)}. Gia sir c4c thiét bj chuyén tiép R; biét duoc gia tri d, va
dy trong giai doan thiét 1ap két néi [89]. Ap dung k¥ thuat SIC [32, 70], thiét bj
chuyén tiép s€ giai ma tin hiéu X, Cua nguén gén thiét bi chuyén tiép hon trude do
c6 chat luong kénh trung binh tot hon va xem tin hiéu Xy cua nguodn xa 1a nhidu. Ta

c6 SINR dé giai ma cac tin hiéu tir ngudn gan tai thiét bj chuyén tiép nhu sau:

2

hs,| / p°

ot PS

}/SnRi_)xn|dn§dd - 2

agPs|hs,r | 1 p? "‘(OCnps/LsnRi +agPsds g, )(1—,02)/,02 + N 36
o (36
“n hsnRi angSnRi
—_ 2 —_ f
A a49s,r + 4
aq lhs,r| + (i, +adid)(1—p2)+p2 ly ‘
4

Nhu ¢ néu & phan gigi thiéu chuong, mot chuyén tiép trong cum chuyén tiép co do
loi kénh truyén wdc luong tir ngudn gan dén thiét bi chuyén tiép nay Iéon nhét s&
dugc chon dé truyén va nhan tin hiéu [82]. Phuong phap nay gilp téi da kha ning

giai ma caa ngudn gan hon. Bong thoi do khdng xem xét dén d lgi kénh truyén cua

39



ngudn xa nén giam thiéu thoi gian thu thap cua cac CSI khong hoan hao giup ting

téc do xtr ly tin higu. Thiét bi chuyén tiép R, dwoc chon theo cong thirc sau:

Ry =arg max gg . (3.7)

Sau khi giai ma x, thanh céng, thanh phan /o, P; hs g, X, trong cong thuc (3.5)
duoc loai bo tai thiét bi chuyén tiép R, va SINR dé giai md x4 tai thiét bi chuyén

tiép R, la:

2

2

ayPs \hsyr,| 1 p

VSR, —xqld,<dy — 2
T eR g |+ (anPody +agPudy )(1- 02 )1 07 + N

2 (3.8)

AN

ag |NsR,

%4 9s,R,

i g\th\sz (anky +agdy)(1-p°)+ P 1y ) £0°Ug, +

trong d6 hg1a tin higu nhidu con lai tai thiét bi chuyén tiép R, vdi tri trung binh 0

. : Y S X 1 - X
va phuong sai Q; gg =‘th‘ co phan bo mii véi PDF la ngb (x):ae X2 vy

CDF la Fy, (x)=1-e7?; £=0 va £=1 twong tng V&i trudng hop pSIC va

ipSIC tai thiét bi chuyén tiép R, [27, 29].

Trong khe thoi gian tha hai, R, ding toan tir XOR dé tong hop tin hi¢u x = x, ® X,

va truyén x vé hai nguon. Tai nguon S, k €{1,2} tin hi¢u nhan duoc nhu sau:

A /1_p2
besk :JFRthSkX+nSk :ﬁthSk X_\/FTR P ERys X TN, (3.9)
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v6i Py la cong suat truyén cua x tai Ry, va ng la nhiéu AWGN tai nguon S, voi

tri trung binh 0 va phuong sai N, .
Sau d6 x duogc giai ma tai nguon S, véi gia tri SINR nhu sau:

2

Pr [NRys, //02

_ 17 9R,s,
P (1-P° )1 PP+ Ng A (1-p7 )+ p*

}/Rbsk —>X T

(3.10)

Pé thay rd vu diém cia giao thirc duoc dé xuat, nghién ciu sinh so sanh cac két qua
véi hai giao thirc khac cua md hinh: giao thuc thtr nhét 12 dung 3 khe thoi gian c6
dung ky thuat SIC nhung khéng dung DNC, goi la giao thuc SIC-3TS; giao thuc
tha hai 1a truyén 4 khe thoi gian khéng st dung kg thuat SIC va DNC, goi 1 giao
thac CONV-4TS. O giao thirc tha nhat SIC-3TS, cac SINR cua céc tin hiéu nhan
duoc tai cac n(t gidng nhu trudng hop truyén 2 khe thoi gian SIC-2TS. Vi giao
thac thir hai CONV-4TS c6 cac SNR nhu sau:

Khe thoi gian the nhat, S;—2—Ry,, SINR dé giai ma x, tai céc thiét bi chuyen
tiép:

2

0P |hsr /,02

Y 9sr;

Py (1-p7)1 7 + N, B oy (1= p? ) P (3.11)

VSR =
V6i Ry, duge chon theo cong thire Ry, =arg Ir:?a)lsl dsR -

Khe thoi gian tht hai, R, —*—S,, SINR dé giai mé& x; tai nguon S,:

41



2

Pr thls2 /,02

179R,s,

Pedy(1-p°)1 7 + Ny iy (L-p7)+ 9 (3.12)

TRyS; =

X

Tuong ty tai khe thoi gian thi 3 va thu 4, S,—2—>R, —2—S,, SINR dé giai ma

X, tai cac thiét bi chuyén tiép va S;:

2

o, P, FAI | 1 p?
~ 275 (ISR P ~ aZygSZR“ 213
ySZRi - P 1 2 / 2 N - 1 2 2 ( ' )

a; sﬂ’z( -P ) P Ny “2%7( -P )+,0
N 2
P |h | p°
RIMRep S| 1P 798, 5,

VR, 81 = (3.14)

PrA(1-p2 ) PP+ Ny A (1-pP )+ 7
3.4 Phan tich hiéu ning mang

Trong phan ndy xac suat dirng hoat dong va thong luong cua cac giao thic dugc
phan tich. Cac ngudn va thiét bi chuyén tiép chi giai ma tin hiéu thanh cong khi c6

SINR Ién hon hoic bang gia tri ngudng 7, .
3.4.1 X&c suit dirng ciia giao thire SIC-2TS

3.4.1.1 X4c suat dirng ciia ngudn S, cho lién két S, —2—>R, —*—>S,

Dé truyén thanh cong tin higu x, tir S, toi Sy, dau tién R, phai giai ma thanh cong
tin hiéu x, vangudn S, ciling phai giai ma thanh cdng x hoic x, (trong truong hop
R, khong giai ma thanh cong x, ). Ta c6 xac suat truyén thanh cong x, tai S, 1a
Pr(7s.p, sxjdisd, = 7t 7Rs, »x = 71)- Nguoc lai xéc suat dimg hoat dong xay ra khi

thiét bj chuyén tiép R, khong giai ma dugc x, hoic R, giai ma dwoc x, nhung
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ngudn S, khong gidi ma duogc tin hiéu x. Bén canh d6 OP ciing c6 thé tinh bang

phép toan bl ctia xac suat truyén thanh cong. Ta cO xAc suat dung ctia nguon S,

cho lién két S, —1>R, —*>S, duoc xac dinh nhu sau:

OPy [, =1~ P sy ondncly = 7o Vs = 74 | (3.15)

V1 s R osxjd,<dy 27t V& Vros,x 2 ¥ 12 hai su Kién doc 1ap, nén (3.15) dugc viet

lai la:

OPg | =1=Pr| 75 g ody =7 |¥PT| Prysyox 2 74 | (3.16)

dp<dg

Sau khi thuc hién mot sb cac phép toan tich phan phirc tap ta c6 biéu thirc xé4c suat

dirng tai ngudn Sy nhu sau:

—pgs/ 2\, 2
OP;, ‘dngdd :1_(1_% i Cl(-1)Pe PhA J(e%((lp % /(idm’))j, (3.17)

o0 Aot PhAy

7 V1% 7t¢1 A p N!
trong do =, =—vaCi=———-——.
e R

(Cong thuc (3.17) duoc ching minh trong phu luc A).

3.4.1.2 X&c suat dirng ciia ngudn S, cho lién két S; —¢—>R, —*>S, .

Dua trén nguyén Iy hoat dong ciia SIC, truyén tin hiéu x4 tir Sy dén S, chi thanh
cong khi R, giai ma thanh céng x,, X, Vva ngudn S, ciing giai ma thanh cong x.
Hay ndi cach khac hi¢n tuong dung hoat dong xay ra trong ba truong hop sau: R,
khong giai ma thanh cong Xx,; hoac R, giai mé thanh cong x, nhung khong giai

ma thanh cong X, ; hoac R, giai mé thanh cong x, va X4 nhung X khong dugc
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giai ma thanh cong tai S,. Xéac suat dirng hoat dong caa ngudn S, cho lién két

Sy —L—>R,——>S, dugc tinh nhu sau:

OP; =1- Pr[ysan—mnldnde > V10 VsyRy—xgldy<dg = Y0 VRS, >x = 7t:|
In=da (3.18)
=1- Pr|:7/San—>xn|dnsdd 2 Vs V'S 4Ry —xgld,<dg = 7t]x Pr[7RbSn—>x 2 7t:|'
Sau khi thuc hién mét s6 phép tinh tich phan phuc tap ta co:
OP 1 (% +4:2)
Snla<dy | N 25 P (_1\P o (P(@rtass) an+dsl Ag)
_z ﬂ’n ﬂ’dCN( 1) € (319)

p=0 (ﬂn + PPy Ay )(ﬁ“nﬂ'd +4,Q(4, + p¢5¢2ﬂ'd))

. (e—n((l—pz)wzf(w))}

2
voi ¢, = 2Py %:M_
A4 A4

(Chzzng minh cong thzc (3.19) trong phu luc B).

Céc cong thuc (3.17) va (3.19) 1a cac biéu thic xac suat ding tudng minh cua hai
ngudn phu thudc vao cac thong s cua hé thdng. T cac biéu thirc nay cd thé gilp ta
vé va khao sat su thay d6i caa OP theo sy bién thién cua cac thong sb. Piéu nay
gilp nha thiét ké hé théng c6 cai nhin tong quét vé hiéu ning cua hé thdng, co thé

xéac dinh céc thdng sb ti wu va diéu chinh cac yéu té quan trong dé dam bao truyén

thong hiéu qua va 6n dinh.
3.4.1.3 Biéu thitc tiém cin ciia cac xac suat dirng khi y — +o

Trong linh vuc truyén thong, tinh toan tiém can ¢ cac ving ty Ié tin hiéu nhiéu cao

la quan trong vi cac ving nay dai dién cho cac méi truong truyén thdng cé chat
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lwong tin hiéu tét. Xac dinh biéu thirc tiém can cua xéac suat dung khi y — 40 gilp
don gian hda biéu thuc OP. Biéu thirc tiém can nay cung cip thong tin quan trong
vé gii han hiéu ning tdi da cua hé thdng c6 thé dat dugc trong cac diéu kién ly
tuong va cac yéu té anh huong dén hiéu nang. Cac biéu thirc tiém can cua Xac suat

dirng caa hai nguén nhu sau:

+00 N CP(=1)Pe Ph/A | _(1-p2
oP,,[[ " 1(1%2 n(=h - ]e ) (3.20)
n="d p=0 A+ PP Ay
ﬂ’de_¢7/ﬂd
yote g (ﬂd +¢4Q) e-?’t(l_/?z)
Sn ld, <d, ) i 225,CP (=1)Pe (P +hrso) it/ ) " (3.21)
50 (An + P Ag ) (Anly +4aQ A + Phr62Ag))
a A +ayh (1= p? a A +ayl )(1- p?
V6 ¢6:7t( n/n + a4 d)( p )’¢7:7t( n/n + g d)( P )

Oy Oy
3.4.2 Xdc suat dirng ciia giao thirc SIC-3TS

Déi voi giao thirc SIC-3TS ta ¢ OP cua cac ngudn gidng nhu cua giao thic SIC-
2TS.

3.4.3 Xdc suit dirng ciia giao thire CONV-4TS

Xéc suat dung cua nguon S, :

N
oy | o
OPSC2 =1—Pr|:7Sle1 2 Yt17RyS, 2 7t] :1—(1— %C,\F‘) (-DPe P ﬂije ¢ /12’ (3.22)

Voi gy = 1y (1- 0% )+ 1p” 1 (aay ) Va dy = 14y (1= 97 )+ 1207 | 7
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Xdc suat dimg ctia nguon S;:
N
OPS =1-Pr(ys,g,, 2 71 VR, 2 71) = 1—{1— > Ch(-DPe W’l]eq’ﬂ“ﬁ, (3.23)
p=0

V6i ho = 1a (1- 0% )+ 1P 1 (@ar VA s = 11 (1= )+ 107 7.

Bi€u thirc tiém cén cua cac xac suat dung khi y — +oo:

N _ 2 _ 2
OF° :1(1 S cg(pre )Je () (3.24)
y—+0 p=0
N _ _ 2 _ _ 2
oP? =1—{1— 2. Ci(=D"e Pl )Je if-e?) (3.25)
y—>+0 p=0

3.4.4 Thong lwgng cua ba giao thirc

Thong luong 1a tée d6 truyén dix lidu thanh cong trung binh. Thong luong duoc tinh
bang cach chia kich thuéc cua goi tin truyén di cho thoi gian can thiét dé qua trinh
truyén hoan tat. Gié tri théng luong cho biét kha nang truyén dir liéu thanh cong
trong diéu kién binh thuong cua két néi va duoc dung dé danh gia hiéu ning cua hé
thng truyén théng. Thong lwong hé théng cho giao thirc duoc dé xuat SIC-2TS,
giao thuc SIC-3TS va giao thec CONV-4TS dugc dua ra twong (ng nhu sau [96]:

1 1
TPycarsly o, = 5(1— O |, . j R+ 5(1— oPs, | . j R, (3.26)
1 1
TPycarsly oo, = 5(1— OPg |, o ) R+ 5(1— OPg, |, . ) R, (3.27)
TPeopyars = %(1— OPE ) R + %(1— oP° ) R, (3.28)
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véi 1/2, 1/3 va 1/4 biéu thi I’éng cac giao thuc SIC-2TS, SIC-3TS va CONV-4TS
hoat dong trong hai, ba va bén khe thoi gian tuong tng; R, = log, (1+ 5, ) (bits/s/Hz)

la tdc d6 bit cua tin hiéu [36].

Chu y: Giao thuc SIC-3TS khong sir dung DNC va hoat dong trong ba khe thoi
gian, do d6 thong luong thu duoc theo cdng thire (3.27) trong d6 xac suat dirng hoat

d6ng gibng nhu giao thic SIC-2TS.
3.5 Mé phéng va thao luin cac két qua

Trong phan nay, nghién ctu sinh thao luan va danh gia cac OP va TP cua ba giao
thire (SIC-2TS, SIC-3TS va CONV-4TS). Md phong Monte Carlo dugc sir dung dé
kiém chimg do chinh xac cua céc biéu thic ly thuyét tiém can va chinh xac (céc
diém danh dau 1a két qua mé phong trong tat ca cac hinh) véi s6 lan tha 1a 10°. Béi
VGi tat ca cac hinh, cac thdng s6 duoc chon nhu sau SNR ngudng y, =1 va hé sé
mii suy hao B=3. Trong cac Hinh 3.2 dn 3.5, chon d; c6 gia tri nho hon va
d, =1-d, (twong (ng 1a ngudn S, gan cum thiét bj chuyén tiép hon nguon S,).
3.5.1 Xdac suat dirng hoat dong ciia hai ngudn

Tir Hinh 3.2 d&én Hinh 3.4 OP cua hai ngudn dugc khao sat theo ti s6 cong suat phat
trén cong suat nhidu Py /N, (dB) va mot s thong sé dugc chon gidng nhau la
Q=-10(dB), d, =0.4, d, =1-d,, va cac hé s6 chi dinh cong suat o,=a,=7=1. OP
caa hai ngudn trong ca ba giao thirc déu giam khi Py / N,(dB) ting va dat dén gia

tri bao hoa khi Py / N, (dB) di lon.

Trong hinh 3.2 khao sat su tac dong cua pSIC (£ =0) va ipSIC (&=1) Ién OP cua
hai nguon trong truong hop pCSls (p=1) cua giao thic SIC-2TS véi s6 lugng thiét
bi chuyén tiép khac nhau N € {2,6}. Hinh 3.2 cho thay cac OP cua nguon Sz trong

hai truong hop pSIC va ipSIC bang nhau vi giai md x,_khong bj anh huéng boi
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phan tin hiéu nhiéu con lai cua ipSIC theo cdng thuc (3.6). Con cac OP cua ngudn
S, trong truong hop ipSIC cao hon so voi truong hop ipSIC véi moi gia tri
P / No(dB) béi vi tin higu nhiéu con lai do ipSIC bi cong vao SINR cua tin higu
X, theo cong thuc (3.8). Trong truong hop pSIC, OP cua nguon S, cao hon so voi
OP cua S, trong ving Py / Ny (dB) c6 gia tri thap va ca hai ciing dat dén gia trj bio
hoa bang nhau & ving Ps / N, (dB) c6 gid tri cao. Di véi tat ca cac truong hop, OP
cua hai nguon giam khi sé luong thiét bi chuyén tiép tang 1én bai vi kha nang phan

tap khong gian tang khi s6 thiét bi chuyén tiép tang (3.7).

S, SIC-2TS, pSIC (N=2) |+
S., SIC-2TS, pSIC (N=2) |1
S, SIC-2TS, ipSIC (N=2) | |
S., SIC-2TS, ipSIC (N=2) | 1
S, SIC-2TS, pSIC (N=6) |1
S., SIC-2TS, pSIC (N=6) ||
S, SIC-2TS, ipSIC (N=6)
S, SIC-2TS, ipSIC (N=6) | |

_ N =N = -

AveoeAsyOO

Phan tich chinh xac

g) - = - = Phan tich tiém can
5 107 - B = £
~N— - - d
3 v— = w— -
j=3
72]
Q
S
?

1072

-5 0 5 10 15 20 25 30 35 40
P /N, (dB)

Hinh 3.2: Xac sudt ding cua hai nguon trong giao thizc SIC-2TS theo Py / N, (dB)

véi hai truong hop pSIC va ipSIC.

48



_\
S

pSIC and pCSI

Xéc suit ding

-

S
N
T

Sl’ SIC-2TS, pSIC-pCSI
Sz’ SIC-2TS, pSIC-pCSI
Sl’ SIC-2TS, ipSIC-ipCSI
< Sz’ SIC-2TS, ipSIC-ipCSI

Phan tich chinh xac .
- - - - Phan tich tiém can

v e e

103 F

1 1 Il 1 L I 1 1 |
-10 -5 0 5 10 15 20 25 30 35 40
P /N, (dB)

Hinh 3.3: X4c sudt ding cua hai nguon trong giao thizc SIC-2TS theo P / N, (dB)

véi hai trieong hop pSIC- pCSl va ipSIC- ipCSl.

Hinh 3.3 khao sat OP cuia hai ngudn trong giao thic SIC-2TS trong trudng hop Iy
tuéng pSIC-pCSI (=0, p=1)va truong hop thuc t& hon ipSIC-ipCSI
(=1 p=0.92) véi N=6. Két qua cho thay OP cua cac nit nguon véi truong
hop pSIC-pCSI tét hon nhiéu so véi trudng hop ipSIC-ipCSI. Ta cd két qua nay vi
do loi kénh bi giam bai tac dong caa ipCSI nhu cong thic (3.2). Bén canh d6, trong
truong hop giai ma tin hiéu phu thudc vao viéc khir nhiéu cua ky thuat SIC nhu
cong thirc (3.6) va (3.8) dan dén SNR dé giai ma tin hiéu x, bi anh huong boi ipCSl
cua ca hai lién két. Két qua nay cho thay ipSIC-ipCSI ¢6 anh huéng Ién ddi véi OP
ctia cac ngudn, do do6 ta khéng thé bo qua cac diéu kién ipSIC-ipCSI khi xem xét

mét hé thdng thuc té. Mot diém cha y khi ipSIC xay ra s& anh huéng xau dén OP
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cua nguon Si (ngudn nhan tin hiéu dugc truyén tir nguon xa thiét bi chuyén tiép
hon) nhiéu hon. Do d6 dé tao sy cong bang hon giita cac ngudn, ta co thé thay doi

hé s6 cong suat phat cho phu hop dé OP cuaa hai ngudn c6 thé xap xi bang nhau.

10

—

4
S

Sl, SIC-2TS, pCSIs

Xéc suat dung

Sz’ SIC-2TS, pCSls
S . CONV-4TS, pCSls
Sz, CONVATS, pCSIs | NN ol T———
S . SIC-2TS, ipCSIs
Sz’ SIC-2TS, ipCSIs

Sl, CONV-4TS, ipCSIs

=
A v m 0 Ay OO

Sz’ CONV-4TS, ipCSIs

Phan tich chinh xac

-10 | - - - - Phantich tiém can 10 15 20 25 30 35
P /N, (dB)

Hinh 3.4: Xac sudt dirng cua hai nguon trong giao thizc SIC-2TS va CONV-4TS
theo P / Ny(dB) vai hai truong hop pCSI va ipCSl.

Hinh 3.4 khao sat OP cua hai ngudn trong giao thirc SIC-2TS va CONV-4TS trong
2 trudng hop pCSI- ipCSI p €{0.92,1}, va giao thic SIC-2TS ¢ pSIC (& =0) Vi
N =6. Ciing nhu cac hinh trén OP cua trudng hop pCSI ludn tét hon ipCSI. Hinh
3.4 cho thay giao thuc CONV-4TS ¢ xac suat dirng thap hon giao thiic SIC-2TS
trong ca hai trudng hop pCSI va ipCSl, do qua trinh truyén ting tin hiéu don gian

hon, nhung giao thirc truyén thong thuong ndy s& can thoi gian va niang luong dé

50



truyén tin hiéu nhiéu hon giao thirc dugce dé xuat. Tuy nhién sy chénh léch giira céc

OP cua hai giao thirc giam xudng khi xem xét trong diéu kién ipCSl.

3.5.2 Thong lwgng ciia h¢ thong

é ¢ ®
pCSI ]
e
en
£ > > >
= |
%0 D o
‘(g = = ﬁ
2 b

SIC-2TS, pCSI
SIC-3TS, pCSI ]
CONV-4TS, pCSI B
SIC-2TS, ipCSI ]
SIC-3TS, ipCSI

CONV-4TS, ipCSI
Phan tich chinh xac

ipCSI

0.3

voOoOwvnme

0.2 I I I \ I I I I
-5 0 5 10 15 20 25 30 35 40

P /N, (dB)

Hinh 3.5: Théng lirong hé thong cua cac giao thic SIC-2TS, CONV-4TS va SIC-
3TS theo P / Ny(dB) trong hai truong hop pCSl va ipCSl.

Hinh 3.5 khao sat TP cua ba giao thuc SIC-2TS, CONV-4TS va SIC-3TS trong hai
truong hop pCSI va ipCSI khi ©=-10(dB), d; =04, d, =1-d;, N=6, £=0,

pe{0.921}, &g =a, =n=1. Hinh 3.5 cho thiy TP cia giao thic SIC-2TS vuot

troi hon hai giao thirc con lai trong ca diéu kién pCSI va ipCSl vi giao thire dugc dé
Xuit SIC-2TS s dung NOMA, SIC va DNC d4 lam giam sb lugng khe thoi gian

cho viéc truyén tin hiéu gitra cac nat. Bén canh d6, thong lugng cua ca ba giao thirc
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trong tredng hop pCSI ludn tét hon so véi treang hop ipCSI vi bo qua tac dong cua
cac bo phan gay nhiéu trén SINR nhan duoc. Giao thic SIC-3TS c6 théng luong
I6n hon nhiéu so véi giao thic CONV-4TS trong trudng hop pCSI do giam sé khe
thoi gian truyén. Tuy nhién théng leong cua giao thic SIC-3TS lai nho hon cua
CONV-4TS trong truong hop ipCSl, diéu nay c6 thé giai thich do giao thirc SIC-
3TS str dung NOMA trong khe thoi gian tht nhat va ipCSI da anh huéng nhiéu dén
SINR khi str dung SIC dé giai mé tin hiéu tai thiét bi chuyén tiép so véi giao thic
CONV-4TS. Bén canh d6, & ving gia tri P / Ny(dB) nhé thong lugng hé thong cia
cac giao thuc tang khi P/ Ny(dB) ting, va khi P;/Ngy(dB) dat gia tri du lén
(>15dB) théng luong dat gia tri bdo hoa.

0.9

0.8
SIC-2TS, pCSIs

CONV-ATS, pCSIs
SIC-2TS, ipCSIs
CONV-A4TS, ipCSls

Phén tich chinh xac

OO m @

AN

pCSI

o
[

Thong luong

o
)

Hinh 3.6: Thong lwong hé thong cua hai giao thic SIC-2TS va CONV-4TS theo d, .
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Hinh 3.6 khao sat TP hé théng cua giao thirc SIC-2TS va CONV-4TS theo khoang
cach d, véi pCSl/ipCSl pe{0.92,1} khi P;/Ny=5 (dB), Q=-10 (dB), N=6,
o, =a,=n=1. Hinh cho thay TP cua giao thitc SIC-2TS vuot troi TP cua CONV-

4TS trong truong hop pCSI. Nhung trong truong hop ipCSI, TP cua giao thac SIC-
2TS chi cao hon TP cua giao thuc CONV-4TS trong khoang gia tri cua d; tr 0.3

dén 0.7. Thong luong cia giao thiuc SIC-2TS dat duoc gia tri cao nhét tai cac vi tri
toi wu cua thiét bi chuyén tiép d,={0.4,0.6} (trong truong hop pCSI) va
d, ={0.45,0.55} (trong trudong hop ipCSl). Giao thiuc CONV-4TS c6 thong luong
hé thong cao nhat khi thiét bj chuyén tiép & diém cach déu hai nguon (d, =0.5).

Ciing nhu Hinh 3.5 TP cua hé thdng trong trudng hop pCSI ludn tét hon ipCSl.

I .,
0.7

106

o
)

105

o
~

104

Thong lugng

o
w

0.3

0.2

0.1

Hinh 3.7: Thong liong hé théng cua giao thic SIC-2TS theo oy va d,.
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Hinh 3.7 biéu dién TP cua giao thic SIC-2TS theo hé s6 phan chia cong suat o va
khoang céch d, khi Py/N, =5(dB), Q=-10(dB), d, =1-d;, N =6, £=0, p=1,
a, =1-oy va n=1. Quan sat hinh ta thay TP cua giao thirc SIC-2TS c6 dat cuc tri
vao khoang 0.885 khi {d;, o} ={0.4,0.5} va {d;,«} ={0.6,0.5}. Bén canh do, tai
mdi vi tri cua cum thiét bi chuyén tiép ton tai gia tri caa hé s6 phan chia cong suit
t6i wu dé TP tét nhat. Cy thé Bang 3.1 biéu dién chi tiét gia tri thong luong téi da
tuong tng véi d; va ¢y (sir dung ham max trong Matlab). H¢ s phan chia cong
SUat oy Va a, gilp thay doi cong suat phat ctia cac ngudn, cong suat nhé hon cap
cho ngudn gan cum thiét bi chuyén tiép va cong suat cao hon cho nat ngudn xa hon.
Nhu vay phan b6 cong suat phat hop 1y wng voi mdi vi tri cu thé ciia cum chuyén

tiép gip thong luong hé thdng dat dugc gié tri cao nhat.

Bdng 3.1: CAc gia trj thong lirong lén nhdt twong ieng véi khoang cach d; va hé so

phan chia cong suat o .

d, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

oy 0.1 0.1 0.3 0.5 0.3 0.5 0.7 0.9 0.9

TPmax | 0.7839 | 0.8413 | 0.8715 | 0.8853 | 0.8754 | 0.8853 | 0.8715 | 0.8413 | 0.7839

Hinh 3.8 biéu dién thong lugng cta giao thic SIC — 2TS theo khoang cach d; va hé
s6 tuong quan p (hang sé dic trung cho chét luong trung binh cua cac wéc lugng
kénh trong cong thic 3.2). Cac hé s6 cong suat a; va a, ciing thay doi theo khoang
cach d, va d, dé dat dugc théng lugng tét nhat nhu dé cap o Hinh 3.7 khi
P /N =5 (dB), Q=-10(cB), d, =1-d;, N={16}, £=0, o =dy, &, =1- 1, V2
n =1 trong diéu kién pSIC. Quan sat Hinh 3.8 ta thdy mot khoang thay d6i nho caa
p s& dan dén khoang thay doi I6n ciia thong luong hé théng. Bén canh d6 khoang
cach twong ddi gitra hai ngudn va cum thiét bi chuyén tiép ciing anh huéng khac

nhau dén téc d6 giam cua thong lwong khi p giam. Va sé luong thiét bi chuyén tiép
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tang thi thdng luong hé théng ting, day chinh 12 wu diém cua viéc ding cum thiét bi

chuyén tiép.

o
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Hinh 3.8: Thong lirong hé thong cua hai giao thic SIC-2TS theo d, va p.

Cubi cung 1a cac dudng phan tich ly thuyét tiém can va chinh xéac cia OP va TP caa

tat ca cac hinh déu trang khép véi cac dudng mé phong.
3.6 Két luan

Trong chuong ndy, nghién cau sinh da nghién cttu md hinh mang hop tac hai chiéu
V6i sy hd tro cua cum thiét bi chuyeén tiép va két hop céc ky thuat lya chon thiét bi
chuyén tiép, triét can nhidu tuan tu vd ma héa mang sé véi muc dich két hop cac wu
diém cua céc ki thuat nay dé nang cao hiéu ning ciia mang hop tac hai chiéu. Pong
thoi mé hinh dwoc khao sét trong cac diéu kién 1y twong va cac diéu kién thuc té

nhu triét can nhidu tuan ty khong hoan hao, théng tin trang thai kénh truyén khong
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hoan hao. Dya trén phan tich xac suit ding va théng luong, mot sé két luan thu
duoc vé md hinh mang hop tac hai chiéu véi giao thirc duoc dé xuat SIC-2TS nhu
sau:

- Théng luong hé théng cua giao thirc SIC-2TS vuot troi so véi hai giao thirc bon
khe thoi gian CONV-4TS va ba khe thoi gian SIC-3TS. Cu thé thong lugng cua
SIC-2TS gap khoang 2 1an so véi giao thirc CONV-4TS va khoang 1.5 lan so
véi SIC-3TS trong truong hop pCSI. Con khi ipCSI théng lugng cua giao thac
SIC-2TS ciing gap khoang 1.5 so véi hai giao thirc con lai.

- Phuong phap RS duoc dé xuat gitp giam thiéu thoi gian thu thap caa cac ipCSl
S0 V&i phuong phap RS khac [70], do d6 giam thoi gian xr ly tin hiéu va tang
téc do truyén tin. Va khi sé luong thiét bi chuyén tiép trong cum tang thi hiéu

nang hé théng tang.

- Hiéu niang mang trong céc truong hop ipSIC/ipCSI ludn thap hon cac truong
hop Iy tuang pSIC/pCSI. Cu thé khi ipSIC s& 1am ting x4c suat ding cua ngudn
gan. Va voi su thay d6i nho cia hé sé tuong quan p dic trung cho chét luong

trung binh cua cac udc luong s& anh huang nhiéu dén théng luong hé théng.

- Két qua nghién ciu cho thay giao thiic SIC-2TS ¢6 thé dat dugc hiéu nang tot
nhét tai cac vi tri tdi uu cua thiét bi chuyén tiép va hé sb phan chia cong suat phi

hop caa hai ngudn.
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Chwong 4. MANG VO TUYEN NHAN THUC HAI
CHIEU SU DUNG BE MAT PHAN XA THONG MINH

4.1 Gié6i thiu

Noi dung cua chuong nay la cac két qua nghién ciru trong cong trinh [P4] da duoc
cong bd cua nghién ciu sinh voi tiéu d& “Multi-constraint two-way underlay
cognitive network using reconfigurable intelligent surface”, trén tap chi Wireless
Networks (SCIE), nam 2022.

Trong nhitng thap ky gan day, mang truyén thong vo tuyén da co sé luong nguoi
ding va khéi lwong dir liéu truyén thong ting rat nhanh, dan dén nhiing thach thic
I6n vé sir dung hiéu qua pho tan, hiéu qua nang luong, va giam chi phi trong viéc
trién khai va van hanh hé théng. Cong nghé hd trg truyén thong méi RIS d4 duoc
quan tam nghién ctu vi vu diém gilp ting EE va CE vuot troi so véi chuyén tiép
thong thuong. Céc nghién ciu hiéu nang mang sir dung RIS chu yéu con tap trung
trong mang mot chiéu [50, 97-102] va c6 mét vai cong bd cho mang hai chiéu [58-
60]. Bén canh d6 cong nghé vo tuyén ciing duoc nghién ciu nhiéu trong mang hai
chiéu dé tang hiéu qua SE [62-65, 67, 72]. Tuy nhién cac nghién ctu két hop RIS va
CR da s6 méi tap trung & mang mot chiéu [103-105]. Trong mot cong bd cua
nghién ctu sinh [106], md hinh hé théng CR hai chiéu dang nén don gian trong dé
hai nguon thir cap hoat dong & ché do FD truyén tin hiéu thong qua RIS dudi gigi
han c6ng suat phat caa mot thiét bj thu so cdp (PR) d4 duoc dé xuit. Cac két qua
cho thay x&c suat ding cua hé théng giam nhiéu khi s6 luong phan tir phan xa caa
RIS ting. Va md hinh khao sat trong diéu kién FD ly tuong la khong ton tai can

nhiéu gitra hai anten thu va phat.

Trong chuwong nay, md hinh mang vé tuyén nhan thic hai chiéu dang nén trong d6

hé théng thir cip c6 hai ngudn truyén tin hiéu thdng qua RIS va hoat dong trong
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diéu kién gii han cong suit phét cua nhiéu thiét bi thu so cap (goi 13 MPR-UTW-
RIS) dugc dé xuat. Myc tiéu caa md hinh 1a giam xac suat dung, tang EE, SE va CE
ctia mang hai chiéu trong méi truong vo tuyén nhan thic. RIS thuong dwoc phan
loai thanh hai loai 1a phan xa di thuong hoic tan xa khuéch tan twong ng cho mang
mmWave hoic bang tan dudi 6GHz [57]. Trong md hinh dugc dé xuat, hé thdng
thar cap 1am viéc & ché do FD va ¢ bang tan dudi 6GHz nén RIS mé hinh héa dudi
dang bo khuéch tan. Bong thoi, hiéu nang mang thir cap duoc khao sét trong diéu
kién gia sur thyc té con ton tai nhiéu vong lap sau khi hay nhidu ¢ anten thu do
truyén FD. Trong chuong nay, OP cua hai ngudn thi cap dugc khao sat chi tiét theo
cac tham s6 sau: rang buoc can nhiu ctia cac nguon thir cip dén céc PR; ti s6 cong
suat phat t6i da ma phan cing cac nguon thir cap cé thé dap ung trén cong suat
nhidu; vi tri twong d6i ctia RIS va cia cum PR; sy thay doi s6 luong phan tir phan

xa cua RIS; va kha nang triét nhidu vong lap cua duong truyén FD.

4.2 M0 hinh nghién ciru

M6 hinh mang v tuyén nhan thirc hai chiéu dang nén dugc nghién ctu trong Hinh
4.1 gom: hai nguon thir cap S, v6i qe{1,2}, mot RIS c6 T phan tir phan xa MS
véi t=1{12,.,T} va K thiét bi thu so cap PR; véii={12,.,K}. D¢ uéc lugng

kénh, RIS duoc trang bi mot bo diéu khién dé thu nhan CSI va truyén thong tin
[85]. Hai ngudn thir cap va cac PR xac dinh CSI bang céach &p dung uéc lugng kénh

thong thuong. Hai ngudn thir cap S, chiu gici han cong suat phat sao cho rang budc
can nhiéu dén cac PR; phai nhé hon muc nguéng cho truéc I; d& dam bao khong
dnh huong dén cic hoat dong cia mang so cap. Trong Hinh 4.1 (hy,dq),
(Ng+Geq ) VA (Nguzidiqezyi ) 1 hé s6 kénh truyén va khoang céch chuan héa twong

ung cua céc lién két S, —MS;, MS, —S, va S, —PR;.
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Hinh 4.1: M6 hinh mang vd tuyén nhdan thizc hai chiéu MPR-UTW-RIS

Céc gia thiét khoa hoc sir dung cho mé hinh cua chuong ndy nhu sau: Hai nguon
thir cip hoat dong & ché @6 FD va cd hai anten dé thu va phat tin hiéu dong thoi;
Puong truyén truc tiép giita cac ngudn (S;,S,) va dudng truyén giita cac phan tir
phan xa cua RIS véi céc thiét bi thu so cap (MS;,PR;) khéng thuc hién dugc do
khoang cach xa, fading nghiém trong, suy hao tin hiéu trén duong truyén Ion, hay
do cdng suat phan xa cua RIS thap [56]; Nhiéu cong tai S, giong nhau CN (0, N)
co tri trung binh bang 0 va phuong sai N,; Cac thiét bi thu so cdp PR; nam trong
mot cum va cac phan tir phan xa MS, caa RIS rat gan nhau, va khoang céch chuan
hoa giira cac cap thiét bi (S,,MS;) va (S;,PR;) twong tng la dy =d,, =d, va
digezyi = dgya s Céc kénh vo tuyén giira céc thiét bi (S,, MS;) twong hd, (hy, =hy,)
[58, 59, 107]; Cac kénh fading c6 phan b4 Gaussian phuc gidng nhau va doc lap
nhau (i.i.d Gaussian), g = hy =|hy|e”™ € CN(0,1/4) va W,z €CN(0,Y/ Aq.).
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trong d6 @ 1a pha cua h¢ sé kénh truyén hy, 4, =df véi B hé sé mil suy hao
dudng truyén, va ue{q,q+2}. Do d0, bién do cua h¢ sb kénh truyén ‘hqt‘vé

‘h(q+2)i‘ la cac RV c6 phan b Rayleigh [108].

4.3 Qué trinh truyén nhén tin hiéu va ti s6 tin hiéu trén nhiéu
Trong mang CR dang nén thi mang thir cap va mang so cap hoat dong song song
nhung cong suét phét ciia cac nguon tha cap S, (ky hiéu 1a P,) can phai nho hon

mot gia tri cong suat cyc dai (ky hiéu 1a P, .., ) va thoa man tat ca céc rang buoc

,ma

can nhiéu cua cac PR [78]:

Ry = min(Pq,max* |1/9(q+2)1’ |2/9(q+2)2 yeees IK/g(q+2)K )’ (4.1)
;= 2 -
vol g(q+2)i :‘h(q+2)i‘ , | :{1,2,,K}

Theo giao thirc truyén song cong, cac nguon thir cap S, gui dong thoi dir ligu xq

cho nhau qua RIS cung mét ldc. Va mdi ngudn s& nhan duoc mot tin hiéu tong bao

gom tin hiéu mong muédn va céc tin hiéu khéng mong muén do su phan xa nguoc

lai tin hi¢u cua chinh né tir RIS, do nhiéu vong Iap tir anten phét dén anten thu (L, )

va nhiéu cong (nq) bén trong thiét bi. Cu thé tin hiéu tai nguén S; nhan dugc nhu

sau [58, 59]:

T T
yl:\/FZXZ[thtnnlJ"_\/Elxl(ghltrthtlj"H-l+ N, (4.2)

Desired signal Self-inteference signal

trong d6 1, =|r]e’* [57, 109] véi |r|€[0,1] VA ¢ €[0,27) twong ung la bién do
phan xa va do léch pha caa MS,, gia sir bién do phan xa c6 gia tri khong doi va

bing 1 [50, 59, 110, 111]; n, 1a nhidu cong Gaussian CN (0,N,); Ly la nhidu vong
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13p con lai sau khi da dwoc triét can nhiu ¢ anten thu va cé dang CN (0, z4N,),

20 59, 112] va Efjf* | = E{fiof*| = 1.

Bén canh do, gia sir nguon S; biét dugc cac théng sé hy, hy, I trong giai doan

thiét lap ciing nhu cac gia trj B, x,, vi vay S; c6 thé triét tiéu hoan toan tin higu tu
T

can nhiéu \/Elxl(zmrthuj trong cong thic (4.2). Ngoai ra, dé t6i da hoa SINR
t=1

tirc thoi tai m&i nguon, pha ¢ cia MS, duoc chon la ¢ =—(¢y + ¢y ) [50, 58, 59].

Cong thuc (4.2) duogc viét lai nhu sau:

.
Y1 :\/szz (Z|h2t|x|htl|]+ Ly +ny. (4.3)
t=1

Ta c6 SINR dé gidi ma tin hi¢u nhén tai S;:

ﬁzx@wxm}

2 T 2
P2[2|m|x|h2t|j
B t=1

= = (4.4)
Ll +[myf” (L1+ 1) No
Giast Iy =l,=..=l =1, va B . =P>ma = Prax 9i0p gidm d6 phirc tap trong
phén tich toan.
Cong thirc (4.4) duogc viét lai:
. Q p?
1 =min(y,, ) : (4.5)
max gz (1+44)
i=1..K
Gak
. T
trong d6 7o = P /Ng, Q=1/Ng, va ¥ = |hy|x]|hy|. (4.6)
t=1

Tuong ty, tin hi¢u nhan duogc va SINR tai S, la:
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T T
y2:\/Elxl£§mtnh2j+\/gx2(§h2tnh2j+L2+n21 (4.7)

Desired signal Self-inteference signal

2 2
a@mw}

ﬁ@mlxlnzlj

V2= 2 2 =
[La[" +[ng| 2 (L+ 42 )No (4.8)
] b4
=min(ro, maS -)(1+ )’
i K g3| Hy
O3k

trong d6 L, e CN (0, 1,Ng), 1, 20, s, 12 hé s6 ty 1€ véi cong suat nhidu N, cua
nhiéu vong l3p tai S, va gia st g, =44 =x; N, la nhiéu cong Gaussian

CN(0,Ny).
4.4 Phan tich hi¢u nang mang

Trong phan nay, OP cta hai nguon thi cap Spva s, (p,w= {1, 2} va p#Ww) dugc
khao sat. Hién tuong dung hoat dong xay ra tai ngudn Sp khi S khong giai ma
thanh cong tin hiéu x,, cua nguon S,,. Ta cd OP tai S la OPSO:)Jt = Pr[RSp < Rth]
Vi Rg, = Iogz(1+ yp) la toc do dir ligu c6 the dat duoc & S, va Ry, (bits/s/Hz) la
toc do dit liéu ngudng cho trudc. Biéu thic OP cua S, trong mo hinh MPR-UTW-

RIS nhu sau:

OP" =Pr| 7, < 2% —1]=Pr| min(z, g(WQ+2)k )7 < (2% -1 {1+ )

A

(4.9)

9(w+2)k O(w+2)k Ow+2)k

T T,
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Pé phan tich xac suat ding OPSL“ trong cong thuc (4.9), c4c biéu thire CDF va PDF
clia cac bién ngiu nhién ¥ va Jws2k duoc trinh bay lan luot trong Bo dé 4.1 va

B6 dé 4.2.

B6 dé 4.1: Tir cong thic (4.6), ¥ 1a téng cua T tich hai RV doc 1ap ¢ phan bb i.i.d
double Rayleigh, PDF ciia ¥ duoc tinh xap xi bang cac sé hang dau tién cua khai
trién chudi Laguerre [113] (c6ng thirc 2.76) nhu sau [50]:

x2 X
f (X) = mexp(—gj, (4.10)

va CDF cta W nhu cong thuc (4.11)

y(a+l,;)(j F(a+1,;(j
Fo (X) = fas) U (e (4.11)
k2 k, Tx

trong d6 a:k—l—l;b:

(B6 dé 4.1 duwoc chirng minh trong phy luc C).

BOZ dé 4.2: Ta Cé g(W+2)k = maX g(W+2)I’ nén CDF cua g(W+2)k du’OC tinh béng [78,
i=1..K

114]

K K
Pz (X) = Pr[{_‘}aﬁ Iqw-2)i < X} =[1Pl9ws2i <XI=[1Fy,.,, (x).  (412)
e i=1 i=1

2 .
Do loi kénh wdc luong g,z = ‘h(w+2)i‘ la cac RV ¢6 phan bo ham mii véi CDF

Py (X) =1—€ 2" [68], vi vay ta co:
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K K
Fg(w+2)k (X) — (1_ e_ﬂ(w+2)X) _ ZO(_l)m CEG_(W+2)mX. (4.13)
m=!

va PDF cua gy, duoc biéu dién nhu sau:

g(w+2)k

K-1
(X) _ Kﬁ’(w+2) (1_ e_;t(w+2)x) e_ﬁ(w+2)x
& MAm = Aw+2)MX
= K/l(w+2) z (—1) CKile (414)
m=0
K M+l ~m —Aw+2)MX
=ﬂ(W+2)Zm(—l) CKe '
m=1

Tim Y, caa cong thic (4.9).

Taco Y, dugc viét lai nhu sau:

a (04
T, =Pr¥< ,/—1’9(w+2)k <Tlop,| |4 Fomian [QJ 19
Y0 Y0 Y0 70

Thay (4.11) va (4.13) vao (4.15), ta co:

7/(&—%1,1 al}
b\ 7 X(l_e—ﬁ{mz)Q/J’o)K

Y, =
I'(a+1
(a+1) (4.16)

1"(a+1)—1“£a+1,l il

— b 7/0 ] ><(l_e_/?'(w+2)Q/7/0 )K .
I'(a+1)

Tim Y, cia cong thirc (4.9)

Y,=Pr|¥< \/allQ \/g(w+2)k A2k 2 Q7 70
%/_/
s 2 (4.17)

- .[ fg(w+2)k (X)X FlP (052\/;) ox.

a3

Pé dé tinh toan, ta chia cong thire (4.17) thanh hai tich phan nhu sau
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0

a3
Yo = [ fgme )% Py (X )dx= [ £y (X)x Fy (/X  (418)
0 0

¢ ¢

VGi ¢, Va ¢, dugc tim trong Bo dé 4.3 va B dé 4.4 tuong tng.
Bé dé 4.3: Thay (4.14) va (4.11) vao biéu thuc, cua (4.18), ta duoc

y(a+1,0é2\/§j

I'(a+1)

® K-1
0

(a+5j K-1 1.5 []
k|| S em cy (may e el B (i) (4.19)
2b ﬂ(w+2) m=0

xW
Y7 B S
2( 1/2)v 4'[4b22(w+2)(m+1)]
Bé dé 4.4: Trong nghién ctru nay, biéu thirc ¢, cua cong thuc (4.18) duoc biéu dién
& hai hinh thac: dang tich phan va dang tong vé han. O cach biéu dién tha nhat, ta
thé (4.14) va (4.11) vao biéu thirc ¢,, va cach biéu dién ¢ dang tich phéan cua ¢,

nhu sau:

X
T e\ ) F(aﬂ’bj
gzzsz(W+2)(1—e e ) g ol N DJg,
0

F(a+1,?ﬁ}

F(a+1) dx (4.20)

a3 K-1
— (1_ e_’l(w+2)a3)K _ J‘ K/,L(W_'_Z) (l— e_}‘(w+2)x) e_ﬂ(w+2)x x
0

a3 K-1
= [ KAy (1 2 e Ao e
0

F(a+l,0t{)2\/§j

dx.
ra+))

a3 K-1
_ J. Kﬂ(w+2) (1_ ej(w+2)x) e*/7V(W+2)X %
0
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O cach biéu dién con lai, ta giai bai toan tich phan va nhan duoc két qua la biéu
thire tong vo han:

¢ Ao\ y(aﬂ’?&j
— Kl 1_ - w+2)X - w+2)X d
¢ !; (w+2)( € ) € F(a+1) X
KAy & -1)" K-l m m [ Lastn)n
=By =) > CRa(=1)" (Awsz (M+1)) [sesni] (4.21)

I'(a+1),5n!(a+1+n)

m=0

x y(%(a+1+ N)+1 Agysz) (M +1)a3}

Thé cong thirc (4.19) va (4.20) vao cong thic (4.18), tiép theo thé cong thuc (4.16)
va (4.18) vao (4.9) ta co OPS;“ duoc biéu dién ¢ dang chinh xac (con biéu thic tich
phan mot 16p) nhu sau:

L

y(aﬂ,i J K (o)
OPg" = 70 (1_e‘i<w+2>Q”°) +K{LJ

I'(a+1) 2b,/ Awi2)
5 2
K1 [a+5j [ )
x> Ol () (med) 2 e e ™y (4.22)
- 2 @
m=0 2 '4'[4bzz(w+2)(m+1)]

F(a+1,0t;2\/§j

I'(a+1)

dx.

3 K-1
_(1_e_/1(w+2)a3)K + J Kﬂ(w+2) (1_e_ﬂ'(w+2)x) e_/7-(w+2)X
0
Tuong tu, thé cong thic (4.19) va (4.21) vao cong thirc (4.18), tiép theo thé cong

thire (4.16) va (4.18) vao (4.9) ta c6 OPS::‘ duoc biéu dién & dang ther hai tuong

minh theo biéu thirc tong vo han tng véi cong thire (4.23) nhu sau:
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y(a+1,l 0{1]
bY 7o (1_e’1(w+2)Q/7o)K+K[ o,

2b /1(W+2)

OPOUt —
Sp I'(a+1)

K-1 (.5 [2azzm+lN
et eyt
m=0

,,(a{uz) _= {‘122] - (423)
41 a2 42)(m+1)
Kﬂ(WJrZ) ( l) co P 1 [1(a+1+n)+1j
(a+1)znl(a+1+n)Z <1(-1)" ( ) (M+ )) *

xy(%(a+l+ N)+1 A2y (M +1)a3j.

Ghi cha 4.1: Dang tong vd han trong (4.23) duoc déanh gia do chinh xéac bang phép

do sai s6 [115] nhu sau:

(OPg™ (4.22) - OPS (4.23)

0P°“t (4.22) ’ (4.24)

gp:

Véi OP§L“(4.22) va opg:t(4.23) trong @ng 1a biéu thuc OP chinh xac trong cong

thirc (4.22) va bicu thirc OP gén ding trong (4.23) cua S,.

e_ﬂ'(w+2)Q/70

Ghi chu 4.2: Trong truong hop y, — +oo khi do —1=7Y, >0 va

oz = 0= Y, — ¢ tathu duogc biéu thic tiém can nhu sau:

X C}T_l(—l)m X

m=0

(=)
o 2) K4
OFg," ™ =G =K|
p
(w+2)

(4.25)

x(m+1) 2 1(a+§) e[mjw

—7(a+1/2) "‘é
4 ab ﬂ(w+2)(m+1)
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Ghi chi 4.3: Trong trudng hop Q —+oo din dén e 297 50, o, 50 va

a; — +o0, ta duoc biéu thac tiém can:

y[a+1l alj
'b

OPQUQ~>* — o) (4.26)
P I'(a+1)

4.5 M6 phéng va thao luan cac két qua
Trong phan nay, nghién ciu sinh khao sat két qua phan tich va mé phong OP cua

hai nguon thix cap trong md hinh MPR-UTW-RIS theo céc thong s6 khéac nhau. Vi

tri twong ddi cua cac nguon S;, S,, cum PR; va RIS dugc chon tuong ung 1a

$,(0,0), S,(1,0), PR;(Xpr,Yer ), RIS(Xg,Yr ), V6i 0<xg <1 va i={12,.,K}.

Do d6, c6 cac khoang cach chuan hoa d1:\/x§+y§, dzz\/(l—xR)2+y§,

ds =\/(pr )2 +(Ypr )2 va d, =\/(1—pr )2 +Y5e . Gia tri toc do dit liéu ngudng
duoc chon ¢b dinh Ry, =1(bits/s/Hz), hé sé mii suy hao duong truyén S =3 va
Q(dB) cua truc x duge xac dinh bsi cdng thac Q =10xlog,,(1/N,)(dB). Ngoai

ra, OP caa md hinh MPR-UTW-RIS duoc so sanh v&i mo hinh hai chiéu duoc hd
trg boi thiét bi chuyén tiép AF trong [63, 107]. Trong tat ca cac hinh cua chuong
nay c6 s6 phép thtr trong md phong 1a 10°, cac diém danh dau 1a két qua md phong

va duong lién nét thé hién két qua phan tich.

Hinh 4.2 danh gia sai s6 &, trong cong thic (4.24) theo sb leong s6 hang dau cua
tdng vé han (ki hisu M) khi Q=-5(dB), y,=-15(dB), x=05, K =15,
Xg =05, yg =-0.5, Xz =05, Ypr =1, pe{l2} va T {7,10,15}. Quan sat

Hinh 4.2 ta thay, khi s6 luong phan tar phan xa T tang 1én, thi s6 luong s hang dau
cua tong v han trong (4.23) can thiét dé dat dwoc gia tri gan gia tri chinh xéac sé
nho hon, (Vi du: &, <0.2% khi M >1 véi T = 15). Nhu vay, khi T du I6n OP ¢
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dang chudi tong vo han (4.23) chi can xét M nho ciing s& dat dén gia tri OP chinh
X&c nhu trong cong thuc (4.22). Bang 4.1 cho thay cu thé cua gié tri sai s6 [116]
tuong tng véi so phan tir phan xa caa RIS va gia tri M caa tong vo han véi céc

tham s6 Q=-5(dB), y,=-15(dB), x#=05, K=15, x3 =05, yg=-0.5,
Xpr =0.5, Ypgr =1, pe{l,2}.

09 T T T T

0.8 r .

0.7 r .

0.6 r .

05T T =10 ]

—
X
—

-u‘jyo' 04 B T

03 r 7
0.2 r .

M T e e ek h e

01r y

O 1 1 1 1

Hinh 4.2: Gid 1ri sai s6 &,(%) theo M Véi so cac phan tir phan xa khéc nhau.

Bdng 4.1: Gia tr; sai o téi thiéu fuong g Vi s6 lwong phan ti phan xg T va so

luwong sé hang dau cua tong vo han M .

T M Sp

7 M>10 | 0.757%

10 M>5 | 0.1167%
15 M>1 |0.01686%

69



S0
10”" .
é{) 10'2 = =] = =) =1
S
iS
]
2 O 51,5(T =4)
;3 3 O Sl,SQ(T:7) )
10 % S1,8(T = 10)
—mmeme Phén tich dang tong v6 han
Phan tich dang tich phan
- - - - Phan tich tiém can
10 E 3
———————————————————————————— ¥ ca— X
10—5 1 1 | 1 |
-25 -20 -15 -10 -5 0 5
Q (dB)

Hinh 4.3: Xac sudt dirng cua hai nguon thir cdp theo Q(dB) Véi s6 phan tir phdn xa

khac nhau.

Hinh 4.3 biéu dién OP & dang chinh x4c va tiém can cua cac ngudn tha cap S; va
S, theo Q(dB) khi yo(dB)=—15(dB), #=05, T e{4,7,10}, K =15, xq =0.5,
yr =—0.5, Xpr =0.5, Ypr =1. Quan sat Hinh 4.3 cho thay OP cta hai nguén giéng
nhau Vi véi cac tham sb toa do duoc chon dan dén khoang cach chuan héa bang
nhau d, =d, va dy =d,. Trong ving gié tri cia tham s6 han ché nhiéu (Q) nho
gitra -25dB va -10dB, OP cuia ca hai ngudn déu giam khi Q tang va trong ving gia
tri Q cao (trén —10dB) thi OP dat dén gi4 tri bdo hoa. Két qua nay c6 duoc do khi Q
tang nén cong suat phat caa S, va S, ting nhu trong cong thic (4.1) va din dén

SINR ciia x;, X, ciing t6t hon nhu trong cong thac (4.4) va (4.8). Tuy nhién, cong
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thire (4.1) ciing chi ra ring cong sut phat bi giéi han bai cdng suit cuc dai caa mdi
ngudn, vi vay khi Q ting dén mot gia tri ngudng, cong suat phat khong thé ting
duoc nira va hiéu ning hé thong dat trang thai bdo hoa. Hon nita, s6 lwong phan tu
phan xa cua RIS cang nhiéu thi hiéu ning hé thng cang tét. Trong Hinh 4.3, biéu
thirc phén tich ctia OP duoc vé & dang tong vo han va dang tich phan twong tng nhu
cdng thirc (4.22) va (4.23). Ta thiy riang cac duong (nét lién mau den) cua cong
thac tich phan trung khdp hoan toan véi cac duong md phong, con cac duong cua
cong thirc tong vo han (st dung M = 25 sb hang dau tién) cang gan véi duong mo

phong hon khi sé phan tir phan xa tang 1én.

T T T
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Hinh 4.4: X4c sudt ding ciia S; va S, theo y, = P, / Ng(dB) Véi s6 phan ti phan

Xa khac nhau.
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Hinh 4.4 biéu dién OP & dang chinh xac va tiém can cua cac ngudn tha cap S; va
S, theo y, twong utng vaéi cong thuc (4.22) va (4.25) véi Q=-10(dB), x«=0.5,
T e{4,7,10}, K =15, x; =05, yg =05, Xor =0.5, ypg =1. Dau tién quan sat
Hinh 4.4, ta thdy rang OP cua hai ngudn gan nhu gidng nhau vi toa d6 cua RIS va
PR duoc chon cach déu hai ngudn. Diém dang chl y thir hai 1a OP cua cac ngudn
giam nhanh khi y, tang trong khoang -25dB dén —15dB, sau dé giir nguyén gia tri
mic du y, Van ting. Diéu ndy ¢ nghia 1a cong suat t6i da ma phan cing co thé xtr
ly ting, thi hé théng hoat dong tot hon, tuy nhién nd cé gié tri bdo hoa do cong suat
phat phu thuoc vao bo hai tham sé nhu cong thirc (4.1). Ngoai ra, ciing nhu Hinh

4.2 céc gia tri OP ctia hai ngudn t6t hon Khi s6 phan tir phan xa ting.

Hinh 4.5 khao sét anh huong cua sé luong thiét bi thu so cap 1én OP cuaa cac ngudn
thir cap khi y, =-15(dB), =05, T =10, K €{5,15,35}, x; =0.5, yg =—0.5,
%o = 0.5, Ypr =1. Ta thay khi viing Q nhé hon -10dB, viéc tang s6 hrong PR 1am
tang OP cua cac nguon thir cap, (nghia la hiéu nang hé théng ciia mang thir cap s&
giam khi s6 luong may thu so cip ting Ién). Trén thuc té, viéc thém sé lugng may
thu so cp lam ting kha nang ton tai mot gia tri 1on cua do loi kénh truyén gita
ngudn thir cap va PR, va diéu ndy din dén giam cong suat phat va SINR cua cac
nguon thir cap nhu trong cong thire (4.5) va (4.8). Tuy nhién, khi Q Ién hon mot gia
tri nguong (-10dB), s6 lugng PR khong con anh huong dén hiéu nang ciia mang thir
cap. Diéu nay xay ra bai vi khi Q du 16n, SINR s& phu thudc chu yéu vao cong suét
truyén gigi han ciia cac nguon thir cip nhu da thay trong (4.5) va (4.8). Cudi clng,
OP cua hai ngudn gan nhu tring nhau do chon toa do cac thiét bi gidng nhu cac

hinh trudec.
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Hinh 4.5: X&c sudt ding ciia S; va S, theo Q(dB) Vi s6 lwong may thu sor cdp

khac nhau.

Hinh 4.6 khao sat anh huong caa nhidu vong 1ap I1én xac xuét ding caa cac ngudn
thir cp theo Q khi y,=—-15(dB), 1 e{0,051}, T=10, K=15, x5 =05,
Yr =—0.5, Xpg =0.5, Ypr =1. Ta thay viéc nhidu vong lap ting s& lam giam higu
nang cta mang thir cap. Va OP cua hai ngudn tha cap 14 tét nhat ang voi trudng
hop loai bo nhidu vong lap hoan hao x=0. Két qua nay xay ra do sy gia ting u
dan dén giam cong suat phat va SINR cua cac nguon theo cong thuc (4.4) va (4.8).

Cudi cuing, cac OP ciing giam khi Q ting va dat gié tri bdo hoa khi Q du lon.

Hinh 4.7 khao sat anh huong caa vi tri trong d6i caa RIS véi hai ngudn thir cap trén

OP cua hé thdng thr cap trong trudng hop cac may thu so cap cach déu hai ngudn
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V6i y,=-15(dB), Qe{-10,-15}(dB), x=05, T=10, K =15, Xpr =05,
Ypr =1. Dau tién, Hinh 4.7 cho thay céc duong cong OP cua hai nguon gan nhu
tring nhau. Thir hai, véi cling mot gia tri yg, vi tri RIS cach déu hai ngudn s& cho
OP t6t nhat va OP cua cac ngudn bang nhau khi RIS & cac vj tri c6 tong khoang
cach tir RIS dén hai ngudn bang nhau. Cudi ciing, véi cling mot gi tri x5, OP s&
giam khi y, thay doi tir -0.7 dén -0.3. Ta c6 nhiing két qua nay béi vi gia tri cia hé

s6 kénh phu thudc vao khoang céch giira RIS va cac ngudn.

1018 T T
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Hinh 4.6: X4c sudt ding cia S; va S, theo Q(dB) khi gi tri nhiéu vong lap khac

nhau.
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Hinh 4.7: Xac sudt dieng ciia S; va S, theo X5 va yg -

Hinh 4.8 khao st anh hudéng cua vi tri tuong d6i cia cum may thu so cap va hai
nguon 1én OP ciia h¢ théng tha cap véi y, =-15(dB), Q=-15(dB) , u=0.5,
T =10, K =15, x; =0.5, y; =-0.5. Hinh 4.8 cho thdy khi cum may thu so cap
cach déu hai ngudn thi OP cua hai nguon bang nhau va cac PR cang xa cac nguon
thi cac OP cang nho va nguoc lai. Vai cac truong hop con lai, ngudn gan cum may
thu so cAp c6 OP nho hon va nguoc lai. Nhitng két qua nay cé duoc 1a do khi
khoang cach giira cac ngudn thir cip va cac PR giam, dan dén ting gia tri do loi
kénh gitra cac thiét bi va cong suat phat cua cac nguon thir cp s& giam theo cong
thirc (4.1).
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Hinh 4.8: X4c sudt ding ciia S; va S, theo Xpg VA Ypg -

Hinh 4.9 so sanh cac OP cua hai ngudn thtr cap trong mé hinh MPR-UTW-RIS véi
md hinh mang nhan thac hop tac hai chiéu ¢ ché do song cong dung AF tuong tu
nhu trong c6ng bé [63], nhung c6 mot sé thay doi 1a chi sir dung mét thiét bi chuyén
tiép AF va c6 nhiéu thiét bi thu so cap. Cac théng so nhu sau y, < {5,10}dB,
u=05,T=2, K=15, x5 =05, y5 =-0.5, Xpr =0.5, ypr =1. Bén canh do, dé
cong bang khi so sanh giita RIS va thiét bi chuyén tiép AF, ta gia dinh rang thiét bi
chuyén tiép loai bo hoan toan nhidu vong lap do ché do song cong gay ra. Cong suat
phét cua thiét bi chuyén tiép duoc chon bang cong suat phét cua hai nguon thir cap.
Két qua cho thiy hé théng c6 RIS hd tro truyén tin hiéu cd hiéu ning tét hon nhiéu
so véi hé thdng sir dung thiét bi chuyén tiép AF ngay ca trong truong hop RIS chi

c6 mot phan tir phan xa.
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Hinh 4.9: X4c sudt ding ciia S; va S, trong md hinh MPR-UTW-RIS va m6 hinh

hai chiéu song c6ng dung thiét bi chuyén tiép AF trong [63] theo Q(dB).

Cubi cing, cac duong biéu dién két qua phan tich Iy thuyét va méd phong Monte

Carlo triung khop vai tat ca céac s6 liéu trong tat ca céac hinh.
4.6 Két luan

Trong chuong nay, md hinh duoc dé& xuat 1a mang vo tuyén nhan thic hop tac hai
chiéu dang nén véi su hd trg caa RIS dé truyén tin hiéu. M6 hinh gom hai ngudn thi
cap truyén tin hiéu & ché do song cong va mot cum may thu so cip. DBé danh gia
hiéu nang cuia hé thong thi cap, OP cua hai ngudn duoc khao st thong qua cac
tham sé: ti s6 rang budc can nhiu cua cac nguon thi cap dén cac thiét bi thu so cap

trén cdng suat nhidu Q(dB), ti s6 cong suat phat tdi da ma phan ctng cac ngudn tha
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cap co thé dap ting trén cong suat nhiéu y, = P, /N, (dB), s6 phan t& phan xa ctia
RIS, sé lwgng may thu so cap, nhidu vong lip do truyén song cong p, khoang cach

gitta RIS va hai ngudn, va khoang céch gitra may thu so cip va hai nguén.

Cac két qua dang cha y cia md hinh mang hai chiéu véi giao thac MPR-UTW-RIS

la:

- O ving gia tri ctia Q va y, nho, OP cua h¢ thong giam khi gi tri cia hai thong
s6 nay tang. Tuy nhién Q va y, déu ton tai mot gid tri ngudng cao ma khi cac
thong s6 nay 16n hon gia tri ngudng thi cac OP cuia hai nguon thir cap sé dat gia
tri bdo hoa, nghia la cac OP khong giam mic du céc thdng s6 nay van tang.

- OP cua hé thong giam khi sb luong phan tir phan xa ting, khoang cach giira cum
may thu so cap va hai nguon thir cap tang, va khi nhiéu vong lap giam.

- Khi sé lugng may thu so cap ting, OP s& ting néu gié tri Q niam trong ving nho,
nhung & gia tri Q du Ion, OP dat dén gi4 tri bdo hoa va gia tri khong doi du sb
luong PR c6 thay d6i, c6 nghia 1a khi Q dat gié tri du 16n, sé luong PR khong
con anh huéng dén hiéu nang ciaa hé thong.

- Vj tri RIS cach déu hai ngudn tao ra OP tbt nhat cho ca hai ngudn thtr cap khi
cum may thu so cip cach déu hai nguon.

- Hé thdng hai chiéu duoc RIS hd tro c6 xac suat ding ciia cac nguon thi cap nho

hon hé théng dugc hd tro boi thiét bi chuyén tiép AF twong ung.
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Chwong 5. THU HOACH NANG LUQNG PHI
TUYEN TRONG MANG VO TUYEN HQP TAC HAI
CHIEU

5.1 Gi6i thiéu

Noi dung ciia chuong nay la céc két qua nghién ctu trong cong trinh [P5] da duoc
cdng bd cua nghién cau sinh voi tiéu dé& “Performance analysis of two-way
network with nonlinear energy harvesting relay and digital network coding”, tai
hoi nghi quéc té “The 2nd International Conference on Advanced Technology and
Sustainable Development — 2022 (ICATSD 2022)” nam 2022.

Thu hoach ning lwong tir tin hiéu vo tuyén 1a mot giai phap nang cao hiéu qua
nang lugng cho cac mang khdng day chi phi thip va han ché vé tai nguyén nhu
mang WSN va hé théng 1oT. Nhiéu cong trinh nghién citu vé EH trong mang hop
tac hai chiéu sir dung chuyén tiép AF/DF va cac phuong phap EH khac nhau
PS/TS [37-40, 74, 75]. Tuy nhién, da sb cac cong bb nghién ciu mod hinh EH tuyén
tinh, diéu nay c6 thé khdng thyuc té vi cac thiét bi dién tir cua bo thu ning luong &
thiét bi chuyén tiép 1a cac phan tur phi tuyén. Gan ¢y md hinh EH phi tuyén da bat
dau duoc nghién ciu trong mang mot chiéu [41-44] va hai chiéu [45-48]. Tuy
nhién trong mang hop tac hai chiéu cac nghién ciu EH phi tuyén tap trung vao
chuyén tiép AF con véi DF van chua dugc nghién ciu toan dién nhu EH tuyén
tinh.

Trong chuong nay, nghién ctu sinh d& xuat mé hinh hé théng hop tac hai chiéu
EH phi tuyén gébm hai nguon va mat thiét bi chuyén tiép DF véi muc tiéu nang cao
SE va EE cho céc mang vo tuyén chi phi thip. M6 hinh nay hoat dong truyén nhan

thong tin trong ba khe thoi gian va phuong phép thu nang luong PS két hop ky
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thuat DNC (goi la giao thc NEH-TW-DNC). Trong hai khe thoi gian déu, thiét bi
chuyén tiép dong thoi thu hoach ning lwgng va giai ma tin hiéu lan luot duoc
truyén tir hai nguon. Tiép theo sir dung ki thuat DNC dé ma hda tin hiéu va thiét bi
chuyén tiép st dung ning lwong da thu thap dwgc dé truyén tin hiéu nay dén hai
ngudn trong khe thoi gian thir ba. Cac biéu thirc OP chinh xé&c va gan ding cua cac
ngudn dugc phan tich dé danh gia hiéu ning hé thdng. Bén canh d6, OP cua cac
ngudn khi EH phi tuyén va EH tuyén tinh duogc so sanh dé 1am rd sy khac nhau khi

xem xét hé théng trong diéu kién thyc té va ly tuong.
5.2 M0 hinh nghién ciru

Hinh 5.1 1a md hinh hé thdng hai chiéu thu hoach ning leong phi tuyén NEH-TW-
DNC. Trong mé hinh, hai nguén S, va S, truyén thong tin cho nhau thong qua

chuyén tiép R.

EH: xp hisa d] EH, xz, his, d:
S, X, My, d, R x, hys , d, S,
R
x=x Dx,
Khe thoi gian thie nhat: — — — —»
Khe thoi gian thi hai: — ———-—- —
Khe thoi gian thir ba: >

Hinh 5.1: M6 hinh mgng EH hai chiéu NEH-TW-DNC

Cac gia thiét khoa hoc str dung cho mé hinh cia chuong nay nhu sau: Khdng cé
duong truyén truc tiép giira hai nguén do méi truong truyén c6 suy hao 1on; Cac
ngudn va thiét bi chuyén tiép hoat dong ¢ ché d6 HD; Cac kénh truyén chiu anh

huong boi fading Rayleigh i.i.d. Trong Hinh 5.1 hgs , hs; va d; la cac hé s6 kénh

truyén va khoang cach chuan hoa gitta ngudn S; va R, véi ie{1,2}; Thiét bi
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chuyén tiép c6 cong suit han ché va phai thu ning luong tir cac tin hiéu vo tuyén
cua hai ngudn, sau d6 ding ning luong nay dé truyén thdng tin cho hai ngudn theo
giao thtrc ba khe thoi gian nhu Bang 5.1.

Bdng 5.1: Giao thic truyen ba khe thoi gian ciza md hinh NEH-TW-DN.

(p)

()

Thiét bi chuyén tiép

Thiét bi chuyén tiép

S, —R S,—>R R—>S,,S,
Thiét bi chuyén tiép | Thiét bi chuyén tiép
thu hoach nang thu hoach nang
lugng tirngudén S; | luong tir ngudn S, X=X ®X,

Thiét bi chuyén tiép
truyén tin hiéu X vé

giai ma tin higu X, | giai mé tin hidu X, hai nguon
cua nguon S cua nguén S,
Khe thoi gian 1 Khe thoi gian 2 Khe thoi gian 3
ol ol Q1-2a)T
e .

b |

5.3 Qua trinh truyén nhan tin hiéu va ti s6 tin hiéu trén nhiéu

Hé thong c6 ba khe thoi gian truyén nhan tin hiéu. Trong hai khe thoi gian dau,
thiét bi chuyén tiép dong thoi thu hoach niang luong va giai ma tin hiéu x, va x,
Vv6i cong suat truyén 1a P, va P, dugc truyén tir nguén S, va S, twong ting. Trong
khe thoi gian cudi, thiét bi chuyén tiép dung ky thuat DNC tao tin hiéu méi
X =X @ X, va ding nang lwong da thu hoach duoc dé truyén tin hiéu x vé lai hai

ngudn. Cu thé duogc trinh bay nhu sau:

Khe thoi gian dau tién: nguon S, truyén tin hiéu x, dén thiét bi chuyén tiép, tin

hiéu nhan duoc tai R la:

Ysp = \/Elhis X, +Ng, (5.1)

v6i ng, la nhidu cong Gaussian CN (0, Ng) tai R.
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Tin hiéu nhan duoc yg, trong (5.1) duoc chia thanh hai phan: \/pys, dé thu
hoach nang lugng tai R va «/1—,0)’is dé giai ma tin hiéu x,_. Ta co ti Ié tin hiéu

trén nhiéu (SNR) dé giai ma tin hi¢u x, tai R 1a:

2
1-p) his R
Vsr = - (5.2)
NO
Va luong ning luong c6 thé thu duoc tai R trong khe thoi gian dau la:
2
En = npal’l‘his‘ T, (5.3)

V6i 0<n< 1, 0<a<05va 0< p<1 twong ung | biéu thi cho hiéu suat chuyén

d6i nang luong, hé sé phan chia thoi gian va hé s6 phan bo nang luong.

Tuwong tw & khe thoi gian thi 2: ngudn S, truyén tin higu x, dén R, tin hi¢u

nhan duoc va SNR dé giai ma tin hiéu x, tai R nhu sau:

Ys,r = hs g%, +Ng, (5.4)

(1_p)‘hSZR‘2 P,

Vs,R = Ng (5.5)
Va luong ning luong c6 thé thu duoc tai R trong khe thoi thi hai 1a
Ey, =10aPy gl T (5.6)
T (5.3) va (5.6), ta ¢ tong nang leong cé thé thu hoach duoc tai R nhu sau:
E =E, +E,= npa(Pl‘his‘z ‘P, \hSZR\Z)T . (5.7)
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Tuy nhién thuc té bo lwu trit nang luong thu dugc ¢6 dung luong han ché nén theo
nguyén tic caa thu hoach niang lugng phi tuyén, khi gia tri ctia cong suat dau vao
cua bo thu nang luong nhé hon mot gia tri cong suat ngudng nao do thi ning
lwong thu hoach duoc c6 quan hé tuyén tinh véi cong suat dau vao. Nhung khi
nang luong thu duoc d4 dat dén dung leong tdi da ctua bo luu trix thi hién tuong
bido hoa xay ra hay néi cach khéac khi cong suat dau vao 16n hon ngudng bio hoa,
khi d6 nang lugng thu hoach khong ting mac du cdng suit dau vao van ting [43].
Ta c6 cong suat phat caa thiét bi chuyén tiép duoc trinh bay nhu sau:

%(Pl‘hsm 2 +P2‘hSZR‘2)’ khi (Pl‘his‘z +P2‘hSZR‘2)S P

p (5.8)

%Pth’ khi (Ial‘his‘2+P2‘hSZR‘2)>Pth

trong d6 P, 1a gia tri cong suat ngudng.

Gia str cong suat phat caa hai nguén bang nhau P =P, = P,, cong thac (5.8) duoc

viét lai nhu sau:

2 2 } 2 2
gp(\his\ +|heg ) khi P(‘his‘ +|heg )gpw

P, = _ , ) (5.9)
SPhs khi P(‘his‘ +‘hSZR‘ )>Pth’
voi gz%.

Trong khe thai gian thir 3, thiét bi chuyén tiép sir dung k¥ thuat DNC [70] dé tao
ra tin higu méi x = x, @ x, Va truyén tin hi¢u nay vé hai nguén véi cong suét phat
caa R 1a P,. Tin hi¢u nhan duoc va SNR dé giai ma tin hiéu x trong khe thoi gian

thir 3 & cac ngudn nhu sau:

Yrs, = \/FTRhRSi X+ Ngs; (5.10)
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2
h
lhes [ P ‘E‘ GP(‘hissz‘hszRZ), khi P(\his\er\hszR\z)sRh,
Vrs, = Rsli\lo - = 02 (5.11)
‘hRSi‘ . 2 2
<P khi P(‘his‘ +‘hSZR‘)>Pth.
0

Tir cac cong thac (5.2), (5.5) va (5.11) ta c6 SNR dé giai ma thanh cdng cac tin
higu x,, X, tai cAc ngudn S, S, twong ung la:

Vs, = min{yszR’VRsl}’ Vs, = min{?’isfVRsz}- (5.12)

. A 2 2 , A 4 N ~ ,
Cac do loi kénh truyén g = ‘hsiR‘ Va Ogs, :‘hRSi‘ la cac RV phan bo ham mii c6

ham PDF va ham CDF la;

1 - 1 -ua,
fgsiR(z):Ie ,ngSi (x):re , (5.13)

i i+2

— _Zm'i — _Zm'i+2
ngiR(z) =1-e ,FgRsi (z)=1-e : (5.14)

trong 46 4 =d; ", 4, =d 57 va B, B, véi i {12} la cac h¢ s6 mii suy hao
duong truyén.
5.4 Phan tich hiéu ning mang

Trong phan ndy, OP cta hai ngudén duoc khao sat dé phan tich hiéu ning cua hé
théng. Hién tuong dirng hoat dong xay ra tai ngudn S; khi S; khong giai ma thanh
cong tin hiéu dugc giri tir ngudn con lai. Hay SNR dé giai ma tin hiéu nho hon gia
tri ngudng cho trude yg < 7, Voi y, = 2% —1 va R(bits/s/Hz) 12 toc do bit ngudng

truyén tin hi¢u caa hé théng [117]. Cu thé OP cua ngudn S; nhu sau:

OPs =Pr| v <7 |=Pr|ysp <7 |+Pr| 7os <7075 >7% |- (5.15)

Thay cong thuac (5.5) va (5.11) vao (5.15), ta cé [43]:
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2
1-p)|h h 1-p)|h P
OP, - ( P)‘ S, <y |+Pr ‘Rs1 gﬁﬁ,( P)‘ S,R an
NO NO Pth NO
(5.16)
2 ‘h RS, ‘hRs1 2 Vin (1—/7)‘hszR 2 P
+Pr P(‘hSZR‘ +‘hSR‘ ) N g_}/t,N—Og>a, NO >]/t .
Cong thuc (5.16) viét lai nhu sau:
OP; = Pr[gSZR < k1]+ Pr[gRsl <K, s, > k1]+
+ Pr[(g s, TY is)gRsl <Ky, Ops, > K31 Os,p > k1:|
Ky © ks
= fop,e (V)Y + [ foe, (Y)Y | Fyes, (X)X + (5.17)
0 k1 0
k2 k2 k2
5 X E
[ o O fo (1) [y, (2)dzdydx,
k3 k1 0
Vi yp = k= ke, =T =T
N, d-p)7, 570 P
Thay céng thirc (5.13) vao (5.17) ta co:
ky 0 K3
OP, =jie‘y“2dy+jie‘y“2dyj'ieX’%dx+
0 A
(5.18)
ell 4 k2/x
J‘ 7x//13 J‘ ~e -yl 4, (1 e ~(kyIx-y Mi)dydx
k3
Va tinh mot s6 tich phan don gian trong (5.18) ta co:
el 4 K, /x 1 ko
OPy =1-e™2e™/s 4 [ = P e /% I e YA _ T — g YW VA) hydy (5.19)
k3
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Sau khi ap dung chudi Taylor [75]: exp[——] i va giai cac tich phan
k=0

2

trong (5.19), ta ¢6 bicu thirc OPg & hai truong hop twong tng véi hai cong thire

(5.20) va (5.21). (Chuzng minh cdng thzc (5.20) va (5.21) trong phu luc D).

- Truong hop 1: khi A, =4, = A tac6 thanh phan e *™*%2™%4) =0 trong cong thirc
(5.19) c6 gia tri bang 0 va luc d6 phan tinh tich phan s& dugc rit gon bét va
don gian hon. V& y nghia thuc tién v6i gia sir moi truong truyén 1a dong nhat
thi truong hop ndy twong tng véi vi tri cua thiét bi chuyén tiép nam céch déu

hai nguon. Ta c6 gia tri xac dimg ctia ngudn S; trong trudng hop ndy nhu sau:

—1— o (kiatkslis) | okl (e_k3m3 _ g K2(k) ) 4
k 0 (_1)k k k+1 k k
+(_1_ )Z (—2 F(—k —1,—1j—1_‘ —k _]_’_2 + (5'20)
A k=0 k! ﬁﬂg A k3ﬂ
w [ K—1 k+1
S ] e )r e )|
o kb (A4 A KA

Truong hop 2: khi 4, # 4, trong thuc (5.19) ta ¢ thanh phan e V™% 4) 0

twong tng trong thyc t& thiét bi chuyén tiép nam & cac vi tri con lai va khong
céch déu hai ngudn. Sau qua trinh tinh toan tich phan phic tap ciia cong thirc
(5.19) (cu thé trinh bay trong phu luc D), ta c6 gid tri Xac ding ctia nguon S;
trong truong hop nay nhu sau:

OP
Suljza,

zl_e—(k1/22+k3/ﬂg)+e—k1/ﬂ,z< okl _ akel(kea) )

et T o] o

s o)
M—ﬂg) Z o\ 4 | ek
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Twong tu, biéu thirc Xac suat dimg caa nguén S, trong cong thic (5.22) va (5.23)

ung voi hai truong hop:

Qp82 o —1— e (alAkelA) | gkil2 ( o kel h _ g k2/(e) ) +
+ (ﬁ—l)Z( ( —1) r| -k —Lﬁ + (5.22)
A o k! /1/1 kA
o ] k k+1 k k
Z r(—k,—lj—r —k,—2= ||,
k=0 ! /1/1 A kyA
S —1— e /atkeld) | g-kilA (e—k3//14 _ e—kzl(k1/14))+

+(ﬂzﬂ_1ﬂl)§(_kll) [/:;ﬂj {F(_k_l’%]_r(_k_l’k:_zJ}—'_ (5.23)
A & (—1)k( k, ]mH_k_l klj [ k- 1k—ﬂ
(=4 ;) k! (A4, A ko

Khi P, — oo ta c6 thu hoach nang luong tai thiét bi chuyén tiép 1a tuyén tinh

gidng nhu bai béo [75].
5.5 M0 phéng va thio luin cac két qua

Trong phan nay, nghién ctu sinh khao séat két qua phan tich va mé phong xac suat
dirng cta hai nguon thir cap trong md hinh NEH-TW-DNC véi cac tham sé hé
théng khac nhau. M6 phong Monte Carlo dugc ding dé minh chiing d6 chinh xéc
cua cé4c biéu thirc ly thuyét va sé phép thtr trong md phong 1a 10°. Trong tat ca cac
hinh tir 5.2 dén 5.4, cac diém danh dau 1a két qua md phong va duong lién nét thé
hién két qua phan tich. Gia tri SNR ngudng duoc chon cb dinh y, =1, hé s6 mii
suy hao duong truyén S, =3, va phuong sai cia nhidu cong Gaussian N, =1.
Trong c4c duong phan tich sir dung 30 sé hang dau tién caa cong thuc tinh tong vo

han.
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107 E
P =20dB
th
102 £ T
on
E 10%F
_o N
3 AR
7 R
f'; 104k O S1 M6 phong -
O 82 Mo phong N
——— S Phan tich -
10—5 - 1 Pth 40dB
JE— 82 Phan tich
. ____SlTiémcafm i
107 . EH tuyén finh
—_——- 52 Tiém céan
10-7 | 1 1 | 1 |
-10 0 10 20 30 40 50

P /N (dB)

Hinh 5.2: X4c sudt dieng cia hai nguon theo P,/ N,(dB)véi P, thay doi.

Hinh 5.2 biéu dién OP & dang chinh xéac va tiém can P, — oo cua cac nguon S, va
S, trong md hinh NEH-TW-DNC theo P,/Ny(dB) khi P, {20,40,0}dB,
p=05717=08 a=1/3, d, =03, va d, =1-d,. Véi gia tri khoang cach d,, d,
d4 chon, thiét bi chuyén tiép gan nguén S, hon S,. Quan sat Hinh 5.2, ta thay khi
P./N, nho hon P,, xac suat ding caa ngudn S, nho hon xac xuat dirng cua
ngudn S,. Ngugc lai khi P,/ Ny 16n hon B, OPs nho hon OPg . Mot diém chi y
la khi P,/ N,=P, xac suét dung cta hai nguon gan nhu bang nhau. Khi P,/ N, &
viing gid tri nho, xac suat caa hai nguon giam khi P,/ N, ting. Va khi P,/ N, dat
dén mot gid tri da 1on thi OP ciia mdi ngudn sé& roi vao trang thai bao hoa (nghia 1a

P./ N, ting nhung OP cuta cac ngudn khdng giam nira). Céac gia tri OP b&o hoa
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caa cac ngudn khac nhau va phu thuoc vao gia tri P,, P, cang lon thi gia tri OP
bdo hoa cua mdi ngudn cang nho. Khi so sanh EH phi tuyén véi EH tuyén tinh,
Hinh 5.2 cho thay & ving P. /N, <P, OP ctia mdi ngudn trong ca hai truong hop
gan nhu bang nhau. Con & ving P,/ N, > P, , OP ciia mdi nguon trong hai truong
hop khéc nhau, véi giao thicc EH phi tuyén cac OP s& roi vao trang thai bdo hoa
trong khi véi EH tuyén tinh cac OP tiép tuc giam khi P,/ N, tang. Va ta thay cac

duong OP cia EH phi tuyén s& tiém can cac duong OP cua EH tuyén tinh khi

Py, — .

T T T T O d1: 0.3 Mo phéng BE
—_— dl: 0.3 Phan tich

* d1= 0.7 M6 phéng

d1: 0.7 Phan tich
o d1: 0.5 M6 phong

107" ——d = 0.5Phantich | -

P /N =20 dB
s 0

Xac suat dung
S
N

N
S
W

107

1
-10 0 10 20 30 40 50
Pth (dB)

Hinh 5.3: Xac sudt ding cia nguon S; theo P, (dB) khi P,/ N,va d, thay doi

Hinh 5.3 biéu dién OP cua ngudn S, theo cong suat ngudng bdo hoa cua thiét bi

chuyén tiép PB,(dB) khi P /N,e{20,40}dB, p=05, 7=08 a=1/3,
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d, €{0.3,0.5,0.7}, d, =1—d,. Do m6 hinh h¢ thong c6 tinh ddi xing nén OP, s&
bang OP; néu céc thdng so tuong duong cua hai nguon giong nhau, vi vay trong
Hinh 5.3 chi vé& va khao sat OP; . Hinh 5.3 cho thay OP c6 gia tri giam khi B, va
P,/ N, tang, OP; dat gia tri béo hoa khi B, tang dén mot gia tri da I6n, va gid tri
nay thay doi phu thudc vao gia tri ciia P,/ N, va d,. Bén canh do, ta thay khi P, <
R /Ny, khoang cach d; cang nho thi OP; cang nho. Nguoc lai khi khi B, >

P, / N, khoang cach d, cang lén thi OPg cang nho.

']O'1 r T T T T T T T T T

[ O Pth: 20dB
) % P, =30dB
O P,=40dB
Phan tich
1072 .
on
=)
=
o
o
o=
7
Q
NS
>
1073 ¢
[\E\a
10-4 I I 1 1 1 1 1 I 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
p

Hinh 5.4: Xac sudt dieng cua nguon theo S, theo p véi ba gia tri P,

Hinh 5.4 biéu dién OP cua nguon S, theo hé sé phan bo cong suat p khi

P./N,=30(dB), P, {20,30,40}dB, 7=0.8 «=1/3, d, =05, d, =1—d,. Dau
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tién ta thdy OP; giam khi P, ting gidng nhu cac hinh truéc. Va voi méi bo thong
s6 & ton tai mot gia tri p ti wu dé OP cua ngudn nho nhat. Cudi cuing, cac duong
biéu dién két qua phan tich ly thuyét va mé phong Monte Carlo hoan toan tring

khép nhau.
5.6 Két luan

Trong chuong nay, nghién ctru sinh da nghién ctru mé hinh mang hgp tac hai
chiéu trong diéu kién thiét bi chuyén tiép c6 bo thu phi tuyén tinh c6 kha ning thu
hoach nang lugng tir cac tin hiéu tan s vo tuyén. Mo hinh hoat dong trong ba khe
thoi gian, hai khe thoi gian dau thiét bi chuyén tiép thu hoach niang luong va giai
ma tin hiéu thu duoc tir hai ngudn st dung ky thuat phan chia céng suat PS. Trong
khe thoi gian tha ba thiét bi chuyén tiép ding k§ thuat ma héa mang sé6 DNC dé
tao ra mot tin hiéu méi va sir dung nang luong thu duoc & hai khe thoi gian dau dé
truyén tin hiéu nay vé hai nguon. Bé phan tich hiéu ning cia md hinh, xac suat
dirng cua cac ngudn duoc khao sat theo cong suat ngudng bdo hoa, hé sé phan bd
cOng suat va vi tri twong d6i cua thiét bi chuyén tiép va hai nguon. Md phong

Monte Carlo da chiang minh tinh chinh xac ctia cac biéu thirc phan tich.

Céc diém dang chi y cua md hinh mang mé hinh mang hop tac hai chiéu véi giao

thirc NEH-TW-DNC:

- Khao sat mang hop tac hai chiéu cé thu hoach niang lugng phi tuyén tai thiét bi
chuyén tiép.

- Khi cdng suat ngudng bdo hoa cua thiét bi thu hoach ning lwong phi tuyén tai
thiét bi chuyén tiép tang Ién, thi OP cua cac ngudn sé giam xudng. Va OP dat
duoc gia tri béo hoa khi P,/ N, va P, du lon.

- Vé6i mdi bo théng sb s& ton tai mot hé sé phan bd cong suét tdi wu dé xac suat

dirng 1a nho nhat,
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Chuong 6. KET LUAN

6.1 Két luan

Luén &n d4 nghién ctiru cac k§ thuat va cac giao thirc nham nang cao hiéu ning cua
mang hop tac hai chiéu trong hé théng vo tuyén thong thudng va vo tuyén nhan
thizc. Trong cac md hinh duoc dé xuat da xem xét trong diéu kién 1y twong va rang
budc thuc té dé co thé danh gia hé théng mot cach toan dién hon. Cac diém méi va

két qua dat dugc caa luan an nhu sau:

Pau tién, dé xuat va phan tich thanh céng mé hinh mang hop tac hai chiéu co st
dung két hop cum thiét bi chuyén tiép, k¥ thuat triét can nhidu tuan tu va ky thuat
ma hda mang s6. M6 hinh duoc khao sat trong cac diéu kién 1y tuong va cac diéu
kién thuc té nhu triét can nhidu tuan tu khdng hoan hao, théng tin trang thai kénh
truyén khong hoan hao. Cac két qua nghién cau cho thay théng luong hé thng
cua giao thuc SIC-2TS vuot troi so véi cac giao thirc khdng sir dung két hop cac
ki thuat trén. Bén canh d6 dé xuat phuong phap lua chon chuyén tiép ban phan
gitp giam thiéu thoi gian thu thap cuta cac ipCSl so voi phuong phap RS khac
[70], do @6 giam thai gian xir ly tin hiéu va ting téc do6 truyén tin. Hiéu qua phan
tap khong gian ting va xac suat ding giam khi s6 luong chuyén tiép trong cum
tang. Cac két qua nghién ciru ciing cho thay su anh huong 16n caa cac didu kién
khong 1y tuong ipSIC/ipCSI Ién hiéu nang caa hé théng. Hon nira khi cac thiét bi
chuyén tiép duoc thiét 1ap & vi tri t6i vu va hé sb phan chia cong suat hop ly, hai

ngudn s& dat duoc hiéu ning tot nhat.

Tiép theo d& xuit va phan tich thanh cdng mé hinh mang vé tuyén nhan thac hai
chiéu sir dung bé mit phan xa théng minh. M@ hinh hoat déng & ché d6 FD va
khao sat diéu kién thuc té 1a con ton tai nhiéu vong lap sau khi da duoc triét can

nhiéu & anten thu va mang thi cdp bi gigi han cdng suit bai nhidu may thu so cap.
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Muc tiéu dat duoc cua md hinh 1a giam xéac suat dung, tang hiéu qua st dung phd,
hiéu qua st dung nang lugng va giam chi phi cho mang hai chiéu. OP cua hai
ngudn tha cap duoc khao sat theo nhiéu théng s mang va két qua cho thidy OP
nhé nhét khi RIS cach déu hai ngudn; OP giam khi sé lwong phan tir phan xa tang,
khoang cach gitra cum mady thu so cap va hai ngudn thir cip ting, va khi nhiéu
vong lap giam; OP s& dat gi4 tri bdo hoa khi ngudng ti sé rang budc can nhiéu cua
cac ngudn thtr cap dén cac thiét b thu so cap trén cong suat nhiéu hoic ti s6 céng
suat phat toi da ma phan cang cac nguon tha cap cé thé dap tng trén cong suat
nhidu du 16n. Hon nita hé thdng hai chiéu duoc RIS hd trg co xac suat ding cua
c4c nguodn thi cdp nho hon rat nhidu so voi hé thong duoc hd tro bai thiét bi

chuyén tiép AF tuong Gng.

Chuong 5 dé xuat va phan tich mé hinh mang hop tac hai chiéu c6 thu hoach nang
lwong phi tuyén tai thiét bi chuyén tiép DF. M6 hinh xem xét diéu kién thyc té bo
thu nang lrong 1a phi tuyén. Va mé hinh nghién ctu sir dung phwong phap thu
hoach ning lugng phan chia theo cong suat va ky thuat ma héa mang s6. Bong
gop cua dé xuat 1a st dung ngudn nang leong xanh sach tir song vo tuyén, hd trg
truyén tin hiéu cho cac mang vo tuyén hop tac hai chiéu chi phi thap va han ché vé
tai nguyén nhu mang cam bién khong day va hé thong loT. Céac két qua cho thay
v6i mdi bo théng sé caa hé thong co thé xac dinh dugc hé s6 phan bd cong suat toi

wu dé x4c suat ding 12 nho nhat.

Tat ca céc thdng sé danh gia hiéu ning nang cua cac mé hinh trong luan &n déu
dugc dugc phan tich dudi dang cac biéu thic toan hoc twong minh va cac biéu
thirc phén tich toan déu duoc kiém chiing bang phuong phap md phong Monte
Carlo. Céc két qua cua dé tai nghién cau dong gop hitu ich cho cong dong nghién
ctru, cho cac cong ty san xuat va hoat dong trong linh vuc vo tuyén dé hudng téi
cung cap chat luong dich vy tét hon cho khach hang. Cac mé hinh dé xuét cua dé

tai c6 thé duoc dung trong mang 10T, mang khéng dong nhat, WSN, mang robot

93



trong cdng nghiép. Cac két qua nghién ciru trong luan an da dugc nghién ciu sinh

cong bd trén cac tap chi SCIE va hoi nghi qudc té uy tin.
6.2 Hwéng phat trién cia luan an

Ludn &n d4 dwa ra cac dé xuat c6 cac két qua dat duoc muc tiéu dé ra. Tuy nhién

ngay nay khi cac ang dung truyén théng vo tuyén ngay cang nhiéu va nhu cau vé

chat luong dich vu v tuyén ngay cang cao thi muc tiéu nang cao hiéu nang mang

trong cac ung dung va diéu kién cu thé van luén 1a vin dé can duoc quan tam.

Trong thoi gian t6i, nghién ciu sinh tiép tuc nghién cau vé nang cao hiéu ning

mang hai chiéu nhu tiang hiéu qua st dung phd, hiéu qua sir dung niang luong, ting

téc do truyén tin cho mang hop tac hai chiéu trong mang vo tuyén théng thuong va

mang v tuyén nhan thicc. Bong thoi xem xét cac diéu kién van hanh thuc té hon.

Cu thé cac du dinh nghién cu tiép theo cua dé tai nhu sau:

- Xem xét cac mang hai chiéu da nghién ctu trong cac kénh truyén fading khac
nhu kénh Nakagami-m, Rician, double Rayleigh.

- Khao sat md hinh mang hop tac hai chiéu EH phi tuyén c6 dudng truyén truc
tiép.

- Panh gia hiéu ning dudi dang do6 tin cay va do tré cac mang hai chiéu da
nghién ctru bang céch sir dung gai tin ngan.

- Thiét ké mang hoc sau tir cac dir liéu phan tich va md phong dé du doan hiéu
nang hé thong hai chiéu.

- Nghién ctru mang lai ghép giita mang hai chiéu mat dat vai mang vé tinh.
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PHU LUC
A. Chitrng minh cong thirc (3.17)

Cong thuc (3.15) dugc viét lai nhu sau:

OPs, \dn<dd =1- Pr[ysan—mnmngdd > %]x Pr[m,sd x 2 yt]-

¥y ¥

e TimVY, = Pr|:7/san—>xn|dnde = 7t]

Y, =1- Pr|:7/San—>xn|dnsdd < 7t] (A1)

Thay 7s g .« <q, trONG (3.6) vao (Al), ta co:

A, 9s R,

a49s,r, + A

< 7t:| =1-Pr| gg g, < (neq /an)gssz +nh !l ey
%/_/
% %) (A2)

=1-Pr(gs g, <¢0s,p, +4s) =1~ [ gy, OOF , o+ ga)0
Trong (A.2), F,  (x) laCDF cua g va duoc tim nhu sau:
SnRy n"b

FgSan (X) =Pr[gs g <x]=Pr[maxgs z <Xx]
%,_/

i=1,2,..N

: N (A.3)
=[1Prlgs  <XI=]]F,,, (9=(1-e"")"

Thay PDF cua g5 5 la f (x)=/1ie‘x”1d va (A.3) vao (A.2), ta co:

gSR
d b d
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€

1:1_Iie—xmd (1_6—(@x+¢3)uﬂ)'“ dx=1—ji Ay sz( 1)Pe PR gy
0 o A

Cp( 1)pe P/ A,

N
:]__izC’\Fl’( 1)|0e D%/%Ie—xj-/ﬂﬁ%/ﬁn)dx 1— ﬂ Z

A4 =0 b0 Ayt PPy
(A.4)
e TimV¥,= Pr|:7/RbSd»x 2 Vt]
2 7,02
¥, =1- Pr[mbsM < %] =1- P{gRbsd <7 (1—p )+ ;77 }
(A.5)

2
_ 2\ 1P| il (et am)
=1-F, (yt,zd (1-p%)+ 2 }_ e
ny
Thay (A.4) va (A.5) vao (3.15) ta duoc két qua nhu cong thuc (3.17).
B. Chang minh cong thire (3.19)

Cong thic (3.18) duoc viét lai nhu sau:

OPg

:1_ Pr[ySan—)andnde Z }/t’ySde—)X(”dnde 2 yt]x Pr[beSn—)X 2 yt]'
\Pg ‘{"4

nld, <dg

e TimY¥,;= Pr|:7San—>xn|dn§dd Z Y11 V3R, >xgldy<dy = 7t:|

Thay (3.6) va (3.8) vao ¥, ta co:

an gSan > ad ng Rb
—_— = yt’—z
_“dgstb+¢1 &P Op +

7t

2
=Pr| gs g, > (nay /an)ngRb +(7t¢.|./an)’ngRb 2<7t5,0 lag )gRb +nhl ey
2 #3 P #5
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= \P3 - j fgb (Z)[ .[ fgstb (X)( I fgsan (y)ddexJ dz
0 P+

P2+ X+ (B.l)

:Ifgb(z)[ T ngRb (x)( - (¢2x+¢3))dx}dz.

PaZ+¢s

Thay PDF cua gg , g5z Va CDFcua g Vao (B.1) ta co:

K 1 -2/1Q
Pr[ySanaxﬂdnsdd 2 Y10V 4Ryxgld, <dg = 7t] >7)= I—e
0 &2

N
{ e % | 1= CP(-1)Pe P4 "n dxj (B.2)
¢4Z+¢5 =

p=0

21 Cp( 1)Pe (P(3tdsbr) An+s4g)

/1e¢5Md i
(A t0Q) p:o(ﬂn+p¢2 24) (A + 3Q(A4, + Phsd,Ay))

e TimY¥Y,= Pr|:7/RbSn—>x = 7t:'

Y, =1- Pr[beSn—)x < 7t:|

AR ny

Thay (B.3) va (B.4) vao (3.18) ta duoc két qua nhu cong thie (3.19).
C. Chirng minh cong thirc (4.10) va (4.11)

Trong cbng thtc (4.6), ¥ la tong cua T tich hai RV c6 phan bé i.i.d Rayleigh,
PDF ctia ¥ duoc tinh x4p xi nhu cong thirc (4.10) va (4.11) véi céac thong sb k,
va k, dugc xac dinh nhu cong thac (2.74) cua [113]:

= B[] €| Tl |- S ][] D
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va k, =V [¥]=E[¥?|-[E[¥]] =E[¥?]-K (C2)

Tuong tu |h,| va |hy,| 1a cac RV c6 phan bé Rayleigh véi phuong sai 1a 1/4, va
1/ 2, tuwong tng. Theo tai li¢u [118] (trang 162) ta co:

c[]- o €kl 3
vIn=(1-5 |2V Irl-(1-5 ) c4)
Thay (C.3) vao (C.1), ta duoc:
Trx
k =E[¥]= . C5
¥l €9

Vi |y |va |hy| 1a cac RV doc 1ap, nén (C.2) dugc viét lai nhu sau:

k, = E[(%htlxlhztgz}kf :gEDhﬂﬂx EDhZ"Z}F (C.6)
10 ([ (= ) ED ()

trongdo u,ve{l,2,..,T}va u=v.

Bén canh d6 E[ X* |=V [X]+(E[X])’, thé (C.3) va (C.4) vao (C.6), ta duoc:

S I DI v T+ (D))
AT (T =2)(E[ || ]) % (E[ 0] ) (E I 1) % (E[ I ]) - K2

et )
SR G

Cong thtc (4.10) va (4.11) da dugc chirng minh.

98



D. Chirng minh cbéng thire (5.20) va (5.21)
Cong thuc (5.19) dugc viét lai nhu sau:

kz

OP, =1-e™/2e /% 4 J o I( eV _ 22 Y CAR —y(l/ﬂ«z—lml)jdydx_

)

Tim @ trong thirc (5.19) ¢o hai truong hop:

1 1
. N
e Trwong hgp 1: 4, =4, =4, trong thuc (5.19) ta co6 thanh phan e [”Q ”4] =0

va @ dugc tim nhu sau:

D = jiex’ﬂsj' L g - L gt Jyyay
s Z 4

_ J‘ie—x/,i3 (e—kll/l _ekz/(M))_lekZ/(M) (ﬁ—kj dx
o A A <

(D.1)
ko ko ky
—k/2 Ky ky ki =X/ —kZ/(Xﬂ.)
_€ [ e dx+— L (kl —1)je‘x"3e‘k2’(“)dx— % J'e € dx
A i LA Ads i, X
Iy I2
P (e—|<3mG _e—kzl(klﬂe))_i_ -1,
Ap dung chudi Taylor’s [75] exp(——} =
co:
ko /g Kolks oo
-X —Ka /(X X —ky/(x
1:__1 1)jemeek/(i) )IZ( ) g Hel(xh) gy
/13 A /13 l k3 k=0 k'ﬂe (D.2)

s-0g Y {441
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. = kz sz/.kl eixueeikzl()d) szkli( X)k B —ka/ X’l)dx
T X o i KA
. k—
ke )k, r(—k ﬁj_r kK (D.3)
e K\ )| "2 "Kkyd

11

= (<) K, ) K, Ky
AN

« Truwong hop 2: 4, # A, trong thic (5.19) ta c6 thanh phan e (ﬂﬁ ji] #0 va ©

duoc tim nhu sau:

el 4 Ko/

_ J‘ o X% J‘ [ eV _ i ekz (Xﬂa) ~y(U -1 %) )dydx
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kalky ETPRETIA
_ j-g ez |:ek1/ﬂ,z + ﬂiﬂ?% o¥el(x) _ /713;1 ﬂzﬂj) ekzl(xﬂi):|dx
k3 - -
A D.4
_ okl (e—kglﬂe _e—kz/(klﬂa))Jr AR | o X5 el (X02) gy _ (D4)
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ﬂ{le—(lmz—lmi)k1 Ky /Ky
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I

0

va |,
k=0

Tuong tu 4p dung chudi Taylor’s [75] exp[——j =

cua (D.4) va tinh cac tich phan ta co:

® = e W% (e—kgue _e—kz/(klze)) n

(- %%( (%j{r(‘k‘lﬁ (k -1 kﬁzﬂ (D5)
_ﬂqiﬂfﬂjlé( 1 (%j H_k_l,%} [ et kzlﬂ

Thay (D.2), (D.3) vao (D.1) va thay (D.1) vao (5.18) ta dugc cong thuc (5.19).
Thay (D.5) vao (5.18) ta duogc cong thuc (5.20).
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