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LOI CAM DPOAN

To1 xin cam doan Luan &n nay la cong trinh nghién ctru ctia ban than, dudi su
huéng dan khoa hoc cua PGS.TSKH. Hoang Pang Hai va PGS.TS. Nguyén Canh
Minh. Cac két qua duoc trinh bay trong Luén 4n 13 hoan toan trung thuc va khong
xung dot vai bat ky tac gia nao khac. Nhimg tham khao trong qué trinh nghién ctu

da duoc trich dan day du.

Nghién ctru sinh

Ngd Thé Anh



LOI CAM ON

Dé hoan thanh dugc Luén an nay, trude hét, toi xin duoc bay to 1ong biét on
sdu sac dén PGS.TSKH. Hoang Pang Hai va PGS.TS. Nguyén Canh Minh, 2 Thay
huéng dan truc tiép cua t6i, vi nhitng huéng din khoa hoc, va nhitg dinh huéng quan
trong vao nhitng thoi diém kho khin trong qué trinh nghién ciru. Toi van biét viéc
hoc chua bao gid 1a dé dang, va thuc sy, viée nghién ctru lubn 1a mot thach thuc rat
16n. Chinh vi thé, t6i cang tran trong va biét on nhitng quan tdm va dong vién kip thoi
tir cac Thay, bén canh su huéng dan tin tinh, d3 danh cho t6i dé hoan thanh Luén an
nay. Toi ludn biét on va mai ghi nhan nhing tinh cam dé cua cac Thay.

Téi xin dugc cam on cac Gido su, Tién si cia Hoc vién Cong ngh¢ Buu chinh
Vién thong vi nhitng bai gidng trong cac mon hoc, nhitng nhan xét khoa hoc chan
thanh va su sic trong cic budi bao céo dinh hudng va tién d6 nghién ctru, bao cdo
chuyén dé va tiéu luan. T6i cling xin dwgc cam on nhitng nhan xét va trao d6i khoa
hoc cua cac phan bién trong cac hoi thao va tap chi chuyén nganh ma t61 da gui bai.
Maic du khong duoc gap mdt, nhung nhiing trao ddi chan thanh va nghiém tic cua
cac phan bién da giup toi rat nhiéu dé hoan thién nghién ciru.

To1 cling xin dugc tran trong cam on PGS.TS. Lé Nhat Thang va TS. Lé Thi
H@)ng Yén, Khoa Pao tao Sau Pai hoc, vi nhiing gitip 45 va ho trg nhiét tinh va chu
dao trong subt qué trinh 1am nghién ctru sinh tai Hoc vién Cong nghé Buu chinh Vién
thong, tir lac bat dau cho dén khi hoan thanh luan an.

T6i xin dugc cam on cac dong nghiép tai BO mon K thuat Vién thong, Truong
Pai hoc Giao théng Vén tai, va cac dong nghiép tai B6 moén Pién — Dién tir, Phan
hiéu Truong PH GTVT tai Thanh phé H6 Chi Minh vi nhitng chia sé cong viéc trong
giai doan lam nghién ctru sinh cua toi.

T6i xin dugc cam on TS.Ha Duy Hung_Truong Pai hoc Tén Puc Thang vi
nhirng két ndi va chia sé kién thirc vé chuyén tiép trong truyén théng vo tuyén. Pic
biét 1a nhiing két ndi cua TS. Hung véi PGS.TS. Tran Trung Duy Hoc vién Cong

nghé Buu chinh Vién thong trong viéc giai quyét bai toan chuyén tiép.



Téi xin dugc tran trong cam on PGS.TS. Tran Trung Duy vi nhiing chia sé
kién thire rat sau sic trong linh vuc chuyén tiép, véi viée cong tac trong cac nghién
ctru. Trong qué trinh cong tac, t6i hoc hoi duge & PGS. Duy tinh than 1am viéc nghiém
tac, thai d6 chan thanh, va viéc giit 1oi hira. T6i ludn gitt gin va biét on nhitng diéu
nay.

Téi xin dugc cam on tit ca nhitng ban beé, ngudi quen dd danh cho t6i nhirng
dong vién, quan tAm trong nhirg khoanh khic nhat dinh cta cudc séng. Nhitng 10i
dong vién du rat nho, nhung ciing di gitp toi rat nhiéu trén con dudng hoan thanh
Luan an nay.

Cudi cung, t61 xin dugc cam on Cha-Meg, vo, cac con, va cac em trong gia dinh
vi nhirng hy sinh va yéu thuong v6 diéu kién da danh cho t6i, ciing nhu nhing chia
sé vé nhitng ap luc va kho khin cua toi trong sudt nhitng nam vira qua. Toi ng gia
dinh nhitng tinh cam va nhitng lo lang ma toi dd mang dén cho ho. Mén ng nay, toi
van luén ghi nhé va mong s& duoc dén dap phan nao. Toi biét on tit ca nhitng diéu
do.

Nghién ctru sinh

Ngd Thé Anh
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DANH MUC KY HIEU TOAN HQC

Nr

Y nghia

Céc gia tr1 dung lugng ctia BS, danh cho cudc goi mai,

cudc goi chuyén giao, dung chung, va dy trit tuong tng

Céc gia tri luu lugng cudc goi mdi, cude goi chuyén giao

tuong Uing

Tdc do cude goi dén va tdc d6 két thuc cude goi
Xéc suit chuyén giao cudc goi

Xéc suat chuyén giao thanh cong

Dung luong tir dau dén cudi cua kénh di lidu.
Dung luong tir dau dén cudi cua kénh nghe 1én.

Téc d6 truyén mong mudn tai may thu.

H¢ s0 nhi thirc.
Ham mat do xac suat cua bién ngau nhién X.

Ham phén bd tich liiy cta bién ngiu nhién X..

S6 ang-ten tai nut chi cum va nat nghe Ién (E).

Nang lugng dugc thu nhap boi nat T, vain=0,1,..

Cong suat phat ctia mot nit

Tin hiéu thu tai nut dich.

.N-1
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Logarit co s6 2.

Téng thoi gian truyén mdi goi ma hoa tir ngudn dén dich.
Khoang thoi gian thu hoach nang lugng.

Khoang thoi gian truyén dit liéu.

hé s suy hao ham mil.

Nhiéu do phan cting khong 1y tudng tai nut X va Y.
Tap am Gauss tai nit Y.

Ngudng dirng tai may thu.

Tham s d¢ loi kénh truyén giita 1 nut X va Y.

Toan tor ky vong.

Téng mirc suy giam phan cung gitra 2 nit X va Y.
Khoang cach Euclid gitra 2 nat X va Y.

Hé s6 pha dinh cta kénh truyén tir X dén Y.

D0 loi kénh truyén gifta 2 nit X va Y, véi 7,y =l h,, [

SINR tuc thot gitta 2 nut X va Y.
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DANH MUC VIET TAT

Tir viét tit

Nghia tiéng Anh

Nghia tiéng Viét

34 Generation Partnership

Du 4n nhom d6i tac thé hé thir 3

3GPP Project
4G 4™ Generation Thé hé thu 4
5G 5t Generation Thé hé thi 5
6G 6t Generation Thé hé tha 6
All Antenna-All Jammer Tat cé dng ten-Tat cé (nat) gy
AA-AJ nhicu
AF Amply and Forward Khuéch dai va chuyén tiép
AN Artificial Noise Nhiéu nhan tao
ARS Ad-hoc Relay Station Tram chuyén tiép tiy bién
Additive White Gaussian Nhiéu tring Gauss cong tinh
AWGN Noise
Best Antenna-Best Jammer Ang ten tot nht-(Nit) gdy nhiéu
BA-BJ tot nhat
BS Base Station Tram gbc
CBP Call Blocking Probability Xac suat chian cudc goi
Cumulative Distribution Ham phan b tich lity
CDF Function
CDP Call Dropping Probability Xéc suét rét cude goi
CH Cluster Head (nt) Chti cum
CJ Cooperative Jamming Gay nhiéu hop tic
CN Core Network Mang 16i
CRS Channel Relaying Strategy K§ thuat chuyén tiép kénh
DF Decode and Forward Giai ma va chuyén tiép
EH Energy Havesting Thu hoach nang lugng
FD Full Duplex (truyén din) Song cong
GoS Grade of Service Cép do dich vu
Global System for Mobile Hiép hoi thong tin di dong toan
GSMA communications Association | cau
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Handover Channel Relaying

K§ thuat chuyén tiép kénh chuyén

HCRS Strategy giao
HD Half Duplex (truyén din) Ban song cong
HO Hand Over Chuyén giao
HOF Hand Over Fail Thét bai chuyén giao
HI Hardware Imperfect Phén ctmg khong hoan hao
HTTTVT --- Hé théng thong tin vo tuyén
Integrated Cellular and Ad- Tich hop di dong va cac tram
ICAR hoc Relay stations chuyén tiép tuy bien
IP Intercept Probability Xéc suat chin
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LOI MO PAU

I. Ly do chon dé tai

Céc hé thong thong tin vo tuyén (HTTTVT) da va dang duoc phét trién voi
tbc dd nhanh chéng ca vé s luong hé thdng, sd nguoi dung, thiét bi va sb luong két
nbi. Chung cho phép nguoi ding, cac thiét bi, may moc két ndi véi Internet moi lic,
moi noi va tao kha ning hd tro da dang ing dung trong moi linh vuc cta doi séng.
Tinh dén cudi nam 2021, s6 luong thué bao di dong toan cau da 1 5.3 ti (chiém 67%
dan s toan cau) voi sb lugng két ndi théng qua mé dun nhan dang thué bao 1a 8.3 ti,
va s0 luong cac két ndi IoT 1a 15.1 ti [25].

S6 lwong 16n nguoi dung, thiét bi va két ndi cung véi luu luong ngay cang gia
tang, bao gom ca luu lugng thoai, luu lugng Internet va luu luong truyén thong kiéu
may MTC (Machine Type Communications), dang dit ra nhiéu thach thuc k¥ thuat
méi ddi véi cac HTTTVT, trong do dién hinh 1a van dé bao dam hiéu nang, cu thé 1a
chat luong két nbi cia HTTTVT [1-2].

Hiéu ning 1a vain dé rat rong da duoc chi ra trong cac tiéu chuan vién thong
quéc té, dién hinh nhu: chat luong dich vu, duy tri két ndi [35-36], 6 san sang dich
vy, ti 18 that bai cudc goi (lién quan cudc goi mai), ti 1€ rét cudc goi chuyén giao, ti
1¢ mét goi, d6 tré dau cudi, ti 18 15i bit, v.v. [37-38, 110] ciing nhu dugc néu trong
nhiéu cong trinh nghién ctru, dién hinh nhu [26-28, 34-35]. Dic biét, to chuc Lién
minh Vién théng Qudc té ITU-T da ban hanh mot tiéu chuan ITU-T Y.2225 nim
2018 [36] vé yéu cau duy tri két ndi trong ngit canh HTTTVT thé hé méi gdm sy két
hop gitta mang di dong, mang khong day va Internet van vat [oT (Internet of Things).
Trong tiéu chuan nay, ITU-T da chi ra yéu cau duy tri két ndi bao gém bao dam
chuyén giao HO (Handover), chdng gian doan va bao dam an toan két ndi [36]. Day
duogc coi la nhitng tiéu chi bao trum nhét vé hiéu nang ma cac HTTTVT can dat duoc.

Chuyén giao HO can thiét khi mot thiét bi di dong UE (User Equipment) di
chuyén vuot ra ngoai viing phti séng ctia mot tram gdc BS (Base Station) dang phuc

vu n6, hodc khi c6 vat can che chan nd véi tram goc, hoac khi thiét bi UE bi suy hao



tin hiéu do fading hay nhiéu kénh vé tuyén [3-7]. Néu BS noi MU di chuyén dén ma
khong ¢ dit kénh thué bao (khong dii tai nguyén vo tuyén) dé dap tng, cude goi HO
ctia MU s& bj 16t (dropped). Xac suat ot cude goi CDP (Call Dropping Probability)
dugc coi 1a chi s6 hiéu ning quan trong nhat ddi v6i cac HTTTVT trong viéc bao
dam kha ning thanh cong cho cac cudc goi ¢ chuyén giao [8, 5, 34-36, 2, 9-10]. K§
thuat chuyén tiép (Relay Techniques) thudng duoc st dung dé cai thién chét luong
két ndi khi chuyén giao trong cac HTTTVT. Céc tram chuyén tiép RS (Relay Station)
hay cac nut chuyén tiép RN (Relay Node) cung cap chiic nang hd trg chuyén giao két
ndi tir tram ngudn S (Source) dén tram dich D (Destination), nghia 13 giita cic tram
gbc BS [26, 33, 54, 119, 124, 121, 127], hodc chiing 14 cac nit trung gian chuyén tiép
luu lwong trong mo hinh truyén thong vo tuyén da ching MH (Multi-Hop) thudng
duogc ap dung trong cac MTC (Machine Type Communications) [29-31, 3, 21-22, 6].

Mot mat khac, chirc nang duy tri két ndi co thé bi can thiép (chu quan, khach
quan), gdy nhiéu can tré hoat dong chuyén tiép, dic biét 1a ddi véi cac tram chuyén
tiép vo tuyén tro giup cho cac hoat dong chuyén giao cudc goi [11-17]. Xéc suat ding
OP (Outage Probability) va xac sudt chin IP (Intercept Probability) ciing duoc xac
dinh 1a cac chi sb hiéu nang quan trong dbi v6i cac HTTTVT, dic biét ddi véi cac
HTTTVT sir dung k¥ thuét chuyén tiép [12, 15-16, 18-20]. X4c suét chin IP 1a xac
suat ma hé théng ngin chin duoc kha ning can thiép gay nhidu dan dén nguy co gian
doan két nbi [61-62, 65]. Xac suat dimg OP 14 xac suat ma hé thong s& dimg (khong
thé duy tri tiép két ndi) khi tin hiéu bi suy giam nhoé hon mot muic ngudng cho phép
ctia hé thong [63-64, 66].

Nhu phén tich ¢ trén c6 thé thiy, van dé duy tri két ndi (chuyén giao cudc goi
thanh cong, chong gay nhidu can trd lam gian doan két ndi) dugc tham chiéu dén cac
tiéu chi hiéu niang vé CDP (Call Dropping Probability), OP (Outage Probability) va
IP (Intercept Probability). Pay 1a vin dé dang rat duoc cong dong nghién ciru quan
tam trong ngit canh cac HTTTVT thé hé méi va 1a trong tAm nghién ctru cia luan 4n

nay.



II.  DPinh huwéng nghién ctiru

Cac HTTTVT thé hé mdi thudng bao gdm nhiéu chang két ndi nhu mé ta trong
C4c tiéu chuén vién thong qudc té, dién hinh nhu tiéu chuan ITU-T/Y3104 [11], ITU-
T/Y.2255 [36] cling nhu cac nghién ctru nhu [18, 20-21, 2-3, 13, 23-24, 6]. Hinh 1
dugc tham khao tir tai liéu [3] vé kién truc mang da chang cia HTTTVT thé hé mai
(5G) ¢ su két hop hdn hop giira cac cum mang thong tin vo tuyén dang td ong
(cellular) va cum HTTTVT két ndi IoT. Céc tram chuyén tiép RS (ky hiéu 1a RSi) c6
chtrc nang chuyén tiép cac kénh luu lwong TCH (Traffic Channel) giita cac tram gbc
BS (xem cum 1) va cac nut chuyén tiép RN (ky hiéu 1a RNj) thuc hién chuyén tiép

luu luong qua céc ntt trung gian trong cum 2.

1 Cym 1

RSi: Tram chuy&n tiép
BS: Tram gbc

CN (Core Network) Internet

Mang I6i

Hinh 1. So' d6 kién tric HTTTVT da ching thé hé méi (tham khao tir [3])

Trong khuon kho luan an nay, duy tri két ndi xuyén sudt tir dau cudi téi dau
cudi trong HTTTVT da ching nhu m6 ta trén Hinh 1 dit ra hai trong tAm nghién ctru:
nghién ctru k¥ thuat chuyén tiép trong chuyén giao cudc goi & cum 1 nham cai thién
chi s6 hiéu ning vé xac suit rét cudc goi CDP va nghién ctru k§ thuat chuyén tiép luu
luong qua cac nut trung gian trong cum 2 nham chong gay nhidu tac dong lam gian
doan két ndi dé dat muc tiéu cai thién cac chi sd hiéu nang vé x4c suit dung OP va

xac suat chan IP.



CAc tram chuyén tiép di dugc khuyén nghi trong cac tiéu chuan vién théng
quéc té cho cac HTTTVT thé hé mdi, dién hinh nhu cac tiéu chuan ITU-T/Y.2255
[36], tiéu chuan ITU-T/Y3104 [11], [111]. Kha nhiéu nghién ctru trong mot s6 nim
qua ciing di dé cap dén viéc sir dung cac tram chuyén tiép cho cac HTTTVT thé hé
m6i, dién hinh nhu: str dung RS cha yéu cho chuyén giao cudc goi thoai [32-34], str
dung kién trac RS véi chirc ning chuyén tiép don gian cac kénh luu lugng TCH [46-
47, 53], xem xét van dé cai thién chuyén giao trong 4G/LTE véi RS [54, 115, 121],
két hop RS voi tai str dung tan s6 va quan 1y di dong [104, 120, 122], nghién ctru k¥
thuat chuyén giao trong HTTTVT két hop gitta 4G/5G va IoT [101, 95, 124]. Tuy
nhién, cac nghién ctru ciing di chi ra nhitng van dé ton tai can giai quyét lién quan
dén chuyén giao va duy tri két ndi, dic biét trong HTTTVT thudc cum 1 (xem Hinh
1). Co thé thiy hai van dé ndi bat tir cac nghién ctru lién quan nhu sau:

1) Vai trd ctia cac tram chuyén tiép RS chua duoc tan dung hiéu qua nham cai
thién tiéu chi hiéu nang duy tri két ndi thong qua chi sé hiéu nang CDP. Giai
phép du trit kénh dé cai thién CDP khi chuyén giao thay vi tan dung cac tram
RS dugc dé xuat trong [115, 118]. Giai phap nay co thé dan dén lang phi tai
nguyén vo tuyén. Cac nghién ctru [40-42, 119, 121] dé xuat tinh toan ti 1¢
chuyén giao nham dap tmg CDP. Tuy nhién céch tinh todan CDP thuong kha
phirc tap khong phan anh day dii cac yéu t6 anh huéng dén CDP va chi yéu
van tap trung vao xac suat chuyén giao tht bai chir khong nham vao muc tiéu
chinh 1a CDP. Tuong tu, nhiéu nghién ctru chi tip trung vao cai thién ti 1é
chuyén giao that bai nhu [46] hay ti 1é chuyén giao thanh cong [122-123, 127],
song khong dé cap dén van dé tan dung cac tram chuyén tiép. Mot s nghién
ctru [50, 56-57, 125] dé xuat RS song s dung k¥ thuat muon kénh theo
phuong phap truyén thdng cua tac gia Rappaport [126], dan dén kha ning ting
ti 1& chuyén giao ndi ving, rat kho tai sap xép lai kénh vo tuyén trong tram gdc
BS ciing nhu kha phtrc tap trong tinh toan ving phii song, s6 lugng tram

chuyén tiép.



2) Van dé khai thac cac tram chuyén tiép RS trong diéu kién luu lwong cao & mot
ving mang cuc bd (diéu kién xdu nhat — worst case) khi c6 nguy co nghén cuc
bd nghiém trong xay ra van chua duoc xem xét giai quyét cu thé. Kha nhiéu
nghién ctru mai chi dimg & viéce cai thién chét lugng két ndi trong tram gbc BS
hodac md rong vung phuc vu cua BS [32, 45, 48, 51-52, 54]. Cac tac gia [46,
125] dat duoc hiéu qua cai thién dang ké xac sut chuyén giao thanh cong,
song moéi chi dimg ¢ viéc tinh toan voi luu lwong binh thudng, chwa dé cap
cac tram chuyén tiép trong tinh toan CDP khi tat ca cac tram trong mdt ving
mang déu ban. Tuong tu, tai liéu [122, 120, 124] chi tip trung vao ning cao
xéc suat chuyén giao thanh cong trong diéu kién luu lugng binh thuong.

Nhu vay, cac cau hoi nghién clru co thé dat ra 1a: Co thé ude luong ti 1€ chuyén
giao theo md hinh don gian hon ma van bao dam duoc tinh toan CDP dé duy tri chét
luong két ndi hay khong? C6 thé xem xét sb luong két ndi dap Gmg yéu cau chuyén
giao cho MU va tan dung hiéu quéa hoat dong cta cac tram RS dé hd tro chuyén giao
trong diéu kién luu luong cao (nghia 1a khi tat ca cac két ndi trong cac tram goc BS
& mot ving nhat dinh déu dang bi chiém dung) hay khong?

Giai phap tan dung hiéu qua cic tram chuyén tiép RS va tinh toan CDP trong
diéu kién luu luong cao & cac ving mang cuc bd co nguy co nghén cuc bd nghiém
trong va khong c6 du du trit kénh tai cac tram gbc BS cho cac cudc goi chuyén giao,
dic biét 1a cho cac cude goi sb liéu thoi gian thuc trong cac HTTTVT thé hé sau (4G
va beyond) dang 13 van dé chwa dugc quan tAm nhiéu trong cac nghién ctru téi nay,
va d6 1a mot trong tdm nghién ctru cua ludn an nay.

Lién quan dén chuyén tiép luu luong va duy tri két ndi trong HTTTVT & cum
2 (xem Hinh 1), qua khao sat cac nghién ctru lién quan c6 thé thay mot van dé noi bat
nhu sau. Van chua c6 nghién ciru ndo dua ra mot biéu thire tinh toan tudng minh cho
céc gia tri OP va IP da ching ciing nhu mbi quan hé giira chiing ma c6 xem xét day
du cac tham s6 lién quan trong diéu kién ti s tin hiéu trén nhiéu ¢ mirc cao. Cac tham
s6 nhu: Iwra chon nat gay nhidu, sb luong dng ten, md hinh truyén thong, anh hudng

ctia phan cing khong hoan hao, mé hinh kénh Fading van chua dugc xem xét tong



hop trong tinh toan OP va IP. Trong cac nghién ctru hién c6, xac suat OP va IP duogc
tinh toan trong kién trac HTTTVT da ching c6 két hop mang v6 tuyén dang to ong
(Cellular) nhur ¢ cum 1 (Hinh 1) két hop v6i mang khong day (dién hinh 13 mang
WSN) nhu & cum 2 (Hinh 1) [53, 81-82, 76, 63, 128, 14, 19-20, 12, 16-17]. Pa s
nghién ctru lya chon tinh toan OP va IP cho ca&c HTTTVT da chang dua trén mo6 hinh
mang cam bién khong day WSN (Wireless Sensor Networks) [95-97, 101] do WSN
dugc coi 1a nén tang cho IoT trong cac HTTTVT thé hé méi nhu di chi ra trong tiéu
chuan vién théng qubc té ITU-T. Y3104 [11]. K thuat chuyén tiép pho bién nhat
trong mang khong day kiéu WSN 1a sir dung giao thirc LEACH [87-88]. Cac nghién
ctru [29, 66] chii yéu tap trung vao mo hinh chuyén tiép; nghién ctru [63] dé xuat lua
chon an-ten, s6 nit va vi tri nat chuyén tiép. Cac giai phap cai thién OP cho HTTTVT
theo md hinh da chang MH (Multi-Hops) dugc dé cap trong [58, 128]. Nhiéu suy hao
kénh truyén dugc xem xét trong [66, 69]. Cac tai lidu [61-63] dé cap giai phéap cai
thién OP va IP dua trén co ché t6i vu hoa ching va co ché truyén dan da ching theo
hinh thtrc don cong va song cong. Céc tac gia trong [76-79, 69] xem xét anh hudng
cta thiét bi phan cimg khong hoan hao dén chi sb hiéu niang IP cia HTTTVT. Vian
dé gay nhiu va hop tac gy nhiéu dugc dé cap trong [30, 67, 99, 69, 71, 75, 82, 129].
Viéc lwa chon nat chuyén tiép va nut gay nhiéu duoc xem xét trong [71, 82] dé tinh
toan IP cho cac HTTTVT chuyén tiép gom hai ching. Mdi quan hé gitra OP va IP
dugc xem xét trong cac tai lidu [129, 74] trong mang chuyén tiép hai ching dudi diéu
kién udc lugng thong tin trang thai kénh khong hoan héo.

Tir két qua khao sat cac cong trinh nghién ctru lién quan van dé chuyén tiép
luu lwgng va duy tri két ndi trong HTTTVT véi cac chi s6 hiéu nang OP va IP da néu
trén, c6 thé nhan thay van dé sau. Nghién ctru phuong thirc tinh toan cac gia trj OP
va IP va mdi quan hé giira chiing cho cac HTTTVT chuyén tiép da ching trong diéu
kién co xem xét ddy du cac tham sb lién quan can thiét va diéu kién ti s6 tin hi¢u
nhiéu & mirc cao (nghia 13 khi c6 tac nhan gy nhiéu can tré, gdy nguy co gidn doan
két ndi) dang 13 mot yéu cau thuc tién. Day 13 trong tim nghién ctru thir hai cta luin

an nay.



Khao sat cac nghién ciru lién quan ciing cho thdy, nhiéu tic gia nghién ctru OP
va [P trong ngit canh an toan bao mat 16p vat 1y, hoac k¥ thuat thu hoach nidng lugng
cho nut mang vo tuyén. Tuy nhién, nghién ctiru vé OP va IP trong luan 4n nay chi dé
cap dén van dé nhidu gy ra can tré duy tri két ndi nham bao dam tiéu chi hiéu ning
vé chit luong duy tri két ndi ma khong dé cap sdu vao an toan bao mat théng tin 16p
vat 1y cling nhu thu hoach ning lwong vi dy 1a nhirng linh vuc rat rong.

I11.  Muc tiéu nghién ctru

Luén an dit ra hai muc tiéu sau dé nghién ctru van dé duy tri va cai thién chét
luong két ndi co lién quan dén k§ thuat chuyén tiép trong chuyén giao cudc goi, vin
dé chong nhiéu can thiép 1am gian doan két nbi véi trong tdm 1a cac chi tiéu hiéu ning
vé CDP, OP va IP trong diéu kién luu luong cao cuc bd nghiém trong va ti 1¢ nhiéu
cao cia HTTTVT thé hé méi.

Céc muc tiéu cu thé gém:

e Nghién ciru giai phap tin dung hiéu qua cac tram chuyén tiép RS dé hd tro
chuyén giao thanh cong cac cudc goi, bao g@)m ca cudc goi thoai va cudc goi
s6 liéu thoi gian thyc, va tinh toan CDP trong diéu kién luu luong cuc bo cao
nghiém trong cta cac HTTTVT thé hé méi.

e Nghién ctru phuong thure tinh toan tudng minh ti€u chi hi¢u ndng bao dam duy
tri két ndi khong bi gian doan véi cac gia tri OP va IP toan ching trong diéu
kién xem xét day du cac tham so lién quan va ti 18 tin hiéu nhiéu & mirc cao

IV. Pham vi nghién ctru

e HTTTVT c6 sir dung k¥ thuat chuyén tiép trong chuyén giao cudc goi thoai
va s lidu thoi gian thyc trong cac ving c6 luu lugng rat cao. Piéu kién luu
luong rat cao duoc dat ra khi tit ca cac két ndi vo tuyén trong cac tram gbc
trong mét khu vuc nhét dinh cua hé th6ng déu dang bi chiém dung, 1am cho
cac cudc goi chuyén giao trong ving nay c6 kha ning bi thét bai rit cao.

e Tiéu chi hi¢u ning duy tri va cai thién chat lugng két ndi trong hoat dong

chuyén giao tap trung vao chi sé CDP.



VI.

VII.

Tiéu chi hiéu nang duy tri va cai thién chat lvong két ndi lién quan dén chdng
nhiéu can thiép lam gidn doan két ndi tap trung vao chi s6 OP va IP toan ching.
Phan vuing HTTTVT dugc xem xét 1a cum mang khong day, dugc mod hinh
v6i truong hop st dung mang WSN véi giao thitc LEACH. T4c nhan gay nhiéu
lam gian doan két ndi duge mo hinh hoa véi truong hop sir dung k¥ thuat thu
hoach ning lwong va gay nhidu qua kénh vé tuyén trong diéu kién phan cing
khong hoan hao, mé hinh kénh pha dinh Rayleigh, cac nit chuyén tiép don
ang ten va da ang ten.

Poi twong nghién ciru

HTTTVT str dung k¥ thuat chuyén tiép.

Céc tiéu chi hiéu nang vé duy tri chat luong két ndi, cu thé 1a cac chi sd xac
suat 1ot cude goi CDP trong cac ving luu luong rit cao cta cac hé thong thong
tin di dong st dung tram chuyén tiép va xac suat dimg OP, xéc suat chin IP
toan ching trong hé thong vo tuyén chuyén tiép xét trong truong hop st dung
moé hinh mang khong day.

Phwong phap nghién ciru

Khao sat cac nghién ctru lién quan dé phan tich, danh gia, so sanh.

Phén tich 1y thuyét dya vao cac cong cu toan hoc.

Xay dyng cac chuong trinh mé phong bang phan mém Matlab dé mé hinh hoa
hoat dong ctia cac hé thong nhim chirng minh va ddi chiéu voi cac phan tich
1y thuyét.

Nhirng dong gép cia luan an

Luan an tip trung vao hai déng gop chinh dugc tom tat nhu sau day.

Dé xuét giai phap tan dung hiéu qua hoat dong ctia C4c tram chuyén tiép RS
dé hd tro chuyén giao thanh cong, giam tdi thiéu xac sudt rét cudc goi chuyén
giao thoi gian thyc trong cac viing c6 luu luong rat cao c6 nguy co nghén cuc
bo.

Dé xuét cac biéu thuc tinh toan twdng minh cho tiéu chi hidu nang duy tri va

cai thién chat luong két ndi lién quan dén chdng nhiéu can thiép lam gian doan



két ndi, cu thé 1a cac biéu thirc OP va IP toan chang, trong diéu kién xem xét

day du cac tham s can thiét lién quan va ti 18 tin hiéu nhidu & mirc cao.

e Lu4n an d3 thyc hién tinh toan 1y thuyét, xdy dung mo phong dé kiém chimg
két qua nghién ctru 1y thuyét.
VIIl.  Céu tric ludn an

Luan 4n duge bd cuc voi 3 chuong, cung véi phén Loi mo dau, Két luan, va

phén Phu luc. Cac chuong cua luan an duoc két cdu nhu sau:
e Chuong 1: Tong quan

No6i dung ciia Chuong 1 s€ tap trung vao cac khai niém va nguyén 1y co ban
ctia cac hé thong thong tin vo tuyén, cac mo hinh hé thong thong tin vo tuyén st dung
k¥ thuat chuyén tiép, va cac tham sb hiéu ning cia cac hé thong nay. Pong thoi,
chuong nay ciing s& tong hop cac nghién ctru lién quan dén cac hé thong thong tin vo
tuyén sir dung k¥ thuat chuyén tiép va tong hop mot s6 van dé ton tai dé dinh huéng
nghién ctru cu thé cho luén 4n.

e Chuong 2: Giai phap duy tri va cai thién chat lwgng két ndi trong hé thong
thong tin vo tuyén sir dung tram chuyén tiép

Noi dung cta chuong s& tap trung vao k§y thuat chuyén tiép kénh dé khai thac
ti da tai nguyén vo tuyén théng qua hoat dong cuia cac tram chuyén tiép trong diéu
kién luu lwong rat cao. Tinh todan CDP trong cac mé hinh mang khac nhau trong hé
théng thong tin di dong dé duy tri két ndi cho cac cudc goi thoi gian thyuc, bao gom
ca cudc goi thoai va cudc goi s6 liéu. Cac mo hinh mo phong dugc xay dung dé kiém
nghiém cac tinh toan 1y thuyét.

e Chuong 3: Tinh toan xac suét dirng va x4c suit chin toan ching dé bao
dam duy tri két ndi trong hé thong vo tuyén chuyén tiép da ching.

Noi dung Chuong 3 sé& tap trung vao viéc tinh toan cac tham s hiéu nang OP
va IP toan ching; phan tich mbi quan hé ctia OP va IP thong qua cac cong thirc toan
hoc tudng minh trong hé théng thong tin vo tuyén chuyén tiép thong qua mo hinh
WSN MH LEACH. Céc tham sé s& duoc dé cap trong md hinh nay 1a viéc sir dung

k¥ thuét thu hoach ning lugng dé hop tac giy nhidu va anh huéng cia phan cimg
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khong hoan hao trén kénh pha dinh Rayleigh. Viéc tinh todn ciing sé quan tam dén
cac tham s6 nhu so lugng ang ten cua cac nut, s6 lugng cac cum trong mang, so luong
nit trong cac cum, mo hinh lya chon ang ten va lya chon niit gdy nhiéu. Ngoai ra, cac

mo hinh thyc nghiém s& duogc xdy dung dé kiém ching cac két qua phan tich 1y thuyét.
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CHUONG1 TONG QUAN

Tém tdt:

Churong 1 trinh bay tong quan vé HTTTVT, ky thudt chuyén tiép, mét so vin
dé vé hiéu nang cua HTTTVT va cdc nghién ciru lién quan dén ludn an. HTTTVT thé
hé méi dwoc trinh bay khdi qudt trén quan diém tiép cdn hai cum kién tric: truyén
théng di dong huéng dén con nguoi va truyén thong kiéu may. Twong iing, ky thudt
chuyén tiép dwgc trinh bay theo hai nhém: nhém chuyén tiép trong théng tin di déng
va nhém chuyén tiép trong HTTTVT da ching. Tiép d6, ludn dn tdp trung vao tiéu
chi hiéu ndng quan trong nhat da dwoc chi ra trong tiéu chuan quéc té ITU-T Y.2225
vé yéu cau duy tri két néi trong ngit canh HTTTVT thé hé m&i. Tiéu chi hiéu ning nay
duwege thé hién qua ba chi s6 hiéu nang chinh: xac sudt rét cudce goi CDP nham duy
tri két néi khi chuyén giao trong diéu kién lwu heong cao, xdc sudt dieng OP va xdc
sudt chdan IP toan chdng trong duy tri két noi cho truyén théng da chiang. Phan cudi
chwong trinh bay cdc nghién ciru lién quan dén cdc van dé néu trén, chi ra van dé ton
tqi va trong tam nghién cuu cua lugn an.

1.1 Téng quan vé hé théng thong tin vo tuyén
1.1.1 Hé thong thong tin di dong

Thong tin di dong 13 mot hinh thai cua thong tin vo tuyén c6 kha ning cung
cap két ndi t6i cac thiét bi dau cudi ciia ngudi sir dung thong qua méi truong khdng
gian dé bao dam kha ning di chuyén ty do trong qué trinh trao d6i thong tin cia con
ngudi. Nguoi sir dung trong hé théng nay duoc goi 13 ngudi sir dung di dong MU
(Mobile User). Di dong trong truong hop nay bao gom ca y nghia vé kha ning di
chuyén ty do ciia nguoi ding va cia cac thiét bi.

Mo hinh téng quat ctia mot hé théng thong tin di dong duoc mé ta trong Hinh
1.1. Trong Hinh 1.1, CN 13 mang 15i (Core Network) dé thyc hién cac chirc nang nhu
chuyén mach va dinh tuyén cudc goi, dinh nghia dich vu di dong, quan 1y di dong,

bao dam két ndi vo tuyén cho cac MU va tinh cudc; mang truy nhap vo tuyén RAN
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(Radio Access Network) bao gom hé théng cac tram gbc BS (Base Station) BS1, BS2,
va BSi dé cung cap cac két ndi vo tuyén téi cac MU; va cac MU UE1.1 va UE2.1 dai
dién cho dich vu thoai, va UE1.2 va UEi.l dai dién cho dich vu dir liéu. Trong cac hé
thong thé hé 4 (4G) va sau 4G, ca 2 loai hinh dich vu thoai va sb liéu déu c6 thé duoc

tich hop trong mét thiét bi ngudi sir dung UE (User Equipment) [26-27, 32-34, 54].

UE1.m

0

CN
Mang 16i

Hinh 1.1 Mé hinh h¢ théng théng tin di dong

Céc hoat dong co ban ctia mot hé thong thong tin di dong dugc thé hién thong
qua thu tuc thuc hién 2 loai hinh cudc goi: cudc goi mai va cudc goi chuyén giao HO
(Hand Over). Cudc goi mdi la loai hinh cudc goi khi MU dang ding trong vung phuc
vu ciia mot BS cu thé nao d6 va khai tao yéu ciu cép mét két ndi vo tuyén cho viéc
thuc hién trao d6i thong tin thong qua kénh truy nhap ngiu nhién RACH (Random
Access CHannel). Cudc goi HO 14 loai hinh cudc goi khi MU di chuyén tir viing phuc
vu ctia 2 BS lién ké nhau trong qua trinh trao d6i thong tin.

C6 thé néi rang hoat dong clia hé thong thong tin di dong gan lién véi cac hoat
dong cap phat tai nguyén vo tuyén toi cac MU dé dép tng nhu cau goi cua nguoi st
dung, va quan 1y viéc di chuyén cia MU dé bao dam két ndi cho cac cude goi HO.
Nhu vdy, cac bai toan lién quan dén viéc cung cap va khai thac tai nguyén tan sd dé
dap tmg va bao dam cho cac nhu cau két ndi ciia cac MU ludn 1a nhirng thach thic

16n trong cac nghién ctru vé thong tin di dong [111-114]. C6 thé ké ra cac bai toan co
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ban dé khai thac hiéu qua tai nguyén tan s trong cac hé thong thong tin di dong la:
st dung lai tan s6 [34, 104-107], phan chia tan s6 [34, 54 103], va cac k¥ thuat da
truy nhap vo tuyén [34, 26-27, 108]. Cac bai toan nay ciing dugc nghién ctru va phat
trién cling voi sy phat trién cta cac hé théng thong tin di dong [32, 34, 103-104, 106-
108].

Thé hé dau tién 1G (1% Generation) cua thong tin di dong duoc bét dau tir nim
1920 véi dich vy thoai, diéu ché twong tu, va sir dung k¥ thuat da truy nhap phan chia
theo tan s6 FDMA (Frequency Division Multiple Access). FDMA cho phép phan chia
bang tan danh cho hé thdng thanh céc tan s6 song mang con, trong d6 mdi song mang
con s€ dugc st dung dé mang cac tin hi€u cudc goi cua cac MU khi c6 yéu cau.
FDMA dugc sir dung ngay tir dau trong cac hé thong di dong twong tu thé hé dau
tién, va 1a nén tang cho viéc phan chia tan sd va két hop véi cac k¥ thuat da truy nhap
khac trong thong tin di dong [34].

Céc hé thong 2G st dung cac k¥ thuat da truy nhap phén chia theo thoi gian
TDMA (Time Division Multiple Access) két hop vdi FDMA (TDMA/FDMA) hoic
k§ thuat da truy nhap phan chia theo ma CDMA (Code Division Multiple Access) két
hop FDMA (CDMA/FDMA). Mic du 12 hé théng di dong s6 thé hé dau tién, cac hé
théng 2G chu yéu phuc vu cho cac dich vu thoai, va cac dich vu s6 liéu mot cach han
ché nhu dich vu tin nhan ngin va truy cap Internet toc do thap. Khong nhiing thé, cac
dich nay dugc truyén trong nhitng séng mang c6 bang thong hep nhu 13 200 kHz véi
céc hé thdng TDMA va 1.25 MHz véi cac hé théng CDMA [34, 103].

Céc hé théng 3G str dung k¥ thuat CDMA bang rong W-CDMA (Wideband
CDMA) v6i mong mudn cung cip dich vu di dong bang thong rong hon t6i cac MU.
Mac du stir dung bang tan 5 MHz cho W-CDMA, cac hé théng 3G ciing chi dat dugc
céc tbe do trao d6i dit liéu 12 2 Mb/s cho nguoi di bd hoac di chuyén tdc do thép, va
384 kb/s cho cac phuong tién [103].

Céc hé théng 4G sir dung k¥ thuat da truy nhap phan chia theo tan s6 truc giao
OFDMA (Orthogonal FDMA) cho hudng 1én va FDMA don song mang SC-FDMA
(Single Carrier FDMA) cho hudng xudng két hop véi k¥ thuat da ang ten MIMO
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(Multiple Input Multiple Output) nhdm cung cip cac dich vu bang rong téc d6 cao
cho céc dich vu s6 liéu thoi gian thuc. Cac MU trong céac h¢ théng 4G c6 thé dat duoc
tdc do trao doi dir liéu 1én dén 300 Mb/s véi toc d6 di chuyén 1én dén 120 km/h [32-
33, 54]. Thong qua cac k¥ thudt da truy nhap va diéu ché, két hop MIMO, céc hé
théng 4G dap g mot cach linh hoat voi cac yéu cau vé bang thong cho cac loai hinh
dich vu thong tin khac nhau ctia ngudi st dung, ciing nhu khai thac tai nguyén tan sb
mot cach hi¢u qua hon.
1.1.2 Hé théng thdng tin vo tuyén thé hé méi

Céc hé thong 5G/6G duoc coi 1a dién hinh cho HTTTVT thé hé méi nhu mé
ta khai quat trong Hinh 1.2 [26-27, 102, 108]. Hé théng 5G sir dung k¥ thuat da truy
nhap khong truc giao NOMA (Non Orthogonal Multiple Access) két hop da dng ten
day dic (massive MIMO) dé dat dén cac téc do cao hon rat nhiéu so véi 4G cho céc
dich vu di dong ca vé tdc dd trao d6i dir liéu va toc do di chuyén cua MU. 5G cung
cap toc do dir liéu 20Gb/s & hudng xudng va 10Gb/s & hudng 1én v6i do tré 4 mili-
gidy (4ms) & mat phang nguoi sir dung va 10ms ¢ mat phang diéu khién. Pong thoi,

5G ciing h tro téc d6 di chuyén 1én dén 500 km/h cho cac MU.

5G/6G CN
Mang 15i 5G/6G
1; mMTC: truyén théng

5G/6G Radio Access Network] /U My day ddc
5G/6G RAN URLLC: truyen théng

! do tré thap va do tin cay
([; Mang truy nhap  ({c,)
$ VO tuyén 5G/6G

UE: Thiét bi nguei
st dung

eMBB: bang rdng
di dong nang cao

UE/eMBB

Hinh 1.2 H¢ théng thong tin vo tuyén thé h¢ méi

rat cao

Maic du van trong giai doan nghién ctru, nhung cac khai niém vé h¢ thong

thong tin di dong thé hé 6 (6G) di dugc tong hop trong cudn sach xuit ban ndm 2021
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[26]. Trong [26], 6G hudng tdi viée cung cip cac dich vu di dong théng minh va céa
nhan héa theo tic vu t&i ngudi sir dung thong qua hang ti thiét bi vo tuyén bao gdm
céc cam bién va céc thiét bi di dong sé duoc lép dat tai nha, trén 6 t0, trong nha may,
va & hau hét moi vi tri ma con ngudi mubn nhan biét, giam sat, diu khién, va khai
thac thong tin. Mot s6 dic diém chinh cua 6G 1a: dai tan 1am viéc Teraherzt (102 Hz)
v6i kha nang cung cap két ndi trén 10 ti thiét bi trong 1km? véi d6 tré nhé hon 0.1ms
& mit phang ngudi str dung; loai bo tin hiéu dan duong (pilot-free communications);
hoi ty truyén thong, cam bién va dién toan ddm mAy; va cau hinh mang di dong 4
chiéu (4D Cellular network) thong qua viéc khai thac cac thiét bi bay khong ngudi
1ai UAV (Unmanned Aerial Vehicle) nhu 1a cac cac tram gbc di dong mBS (mobile
Base Station).

Trong Hinh 1.2, cac tmg dung & ting dudi cung bao gém 3 nhom dbi tugng
chinh: 1) di dong bang rong nang cao eMBB (enhanced Mobile Broadband), 2) truyén
thong gitta cac thiét bi véi mat do day dic mMTC (massive Machine Type
Communications), va 3) truyén thong véi do tré thap va do tin cay rat cao URLLC
(Ultra Reliable Low Latency Communications). eMBB 1a cac ing dung 1y con nguoi
lam trung tim nham théa min cic nhu cau trao doi thong tin (bao gdm ca thong tin
thoai va thong tin $6 li¢u) voi tdc d6 cao va luu luong 16n gitra nhitng ngudi st dung
théng qua cac UE di dong bang rong nhu 1a cac dién thoai di dong, laptop, may tinh
bang. Nguoc lai v6i eMBB, mMTC va URLLC la céc tmg dung lay thiét bi lam trung
tam. Trong d6, mMTC tip trung vao viéc cung cip cac két nbi cho mot s6 lwong 1on
céc thiét bi bang hep don gian dé giri hodc nhan cac thong tin trong mot ving rong
16m vo1 luu lwgng nho nhu 1a cac cam bién don gian, cac thiét bi do, cac thiét bi theo
ddi va giam sat deo tay. URLLC duogc st dung trong cac ung dung c6 tinh thoi gian
thuc va doi héi do tin cay rit cao nhu 1a cac thiét bi thuc té 40, cac xe tu hanh, va céc
robot thong minh phuc vu cho cong viéc tim kiém ctru nan hoic phau thuat tir xa
[102, 108].

C6 thé thy riang véi su tro giup cua [oT va dién toan dam may, cac HTTTVT

thé hé méi da md ra mot ky nguyén méi trong truyén thong di dong, ky nguyén ciia
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truyén thong kiéu may MTC (Machine Type Communications) dé gian tiép phuc vu
con ngudi. Theo [102, 108], dén nam 2025 s& c6 khoang 5 ti két ndi 5G IoT MTC,
hau hét déu thong qua cac cam bién vo tuyén. Trong trudng hop ndy, mang cam bién
vo tuyén WSN dugc coi 1a mot nhanh ciia cac HTTTVT thé hé méi nhu mé ta tong
quan trong Hinh 1 (cum 2) trong Loi md dau cta ludn 4n nay.
1.1.3 Chuyén giao cudc goi trong thdng tin di dong

Chuyén giao HO duoc coi la hoat dong dic trung cua cac hé théng thong tin
di dong nham thoa man nhu cau trao d6i thong tin lién tuc trong qué trinh di chuyén
cua con nguoi. Vé mit ky thuét, chuyén giao dugc hiéu 1a viéc mot MU chuyén tu
mot kénh Iuu lvgng TCH (Traffic CHannel) nay sang mot TCH khac trong qué trinh
dam thoai [26, 32-34, 103, 133-135]. TCH la kénh logic mang luu lugng thong tin
clia cac MU trong hé thong, thuc hién viéc két ndi vo tuyén 2 chiéu gitra MU va BS.
Trong thyc té, chuyén giao duoc hiéu mot cach tryc quan 1a qua trinh MU chuyén tir
TCH dugc cap bai S-BS sang TCH dugc cap boi T-BS trong qué trinh MU di chuyén
trong vung phu song ctua 2 BS khi dang dam thoai nhu mé ta trong Hinh 1.3.

P

Ty B HA OB

Hinh 1.3 Bao dam Két ndi vat Iy cho cudc goi chuyén giao
Trong Hinh 1.3, gia st rang MU Aj dtng trong viing pht song va thiét 1ap cudc
goi thanh céng trén TCH ctia BS A. Trong qua trinh dam thoai, Aj di chuyén vé BS
B. V& mat ly thuyét, ving pha séng ctia cac BS ¢6 hinh dang luc giac, nhung ving
phu song thuc té 1y tudng duogce coi 12 hinh tron c¢6 ban kinh twong tmg 14 R = OaA =

OgB trong khong gian 2 chiéu. Khi Aj di chuyén vao BS B, mot TCH cua BS nay sé
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phai duoc cung cap cho Aj dé duy tri cudc goi cho MU nay. Trong truong hop BS B
khong c6 bat ky mot TCH nao ranh dé cung cap cho Aj, cudc goi chuyén giao clia Aj
s€ duogc coi la bi r6t khi dang dam thoai véi xéac suét that bai duoc tinh thong qua chi
s6 x4c suat rot cude goi CDP [34-35]. Thong thuong, vé phia ngudi sir dung, viée bi
ngét mot cudc goi dang dién ra mang lai cam giac khé chiu hon rat nhiéu so véi viée
bi tir chdi mot cude goi mdido thiéu kénh TCH. Chinh vi thé, cac cudc goi HO thuong
c6 muc do uu tién cao hon cac cudc goi mdi. Hon nira, cac cude goi thoi gian thuc
thuong doi hoi mic do wu tién cao hon cac loai hinh dich vu khong yéu cau thoi gian
thue. Nhu vay, trong cac hé théng thong tin di dong, cude goi HO thoi gian thuc
thuong c6 mire d uu tién cao nhét, cho du d6 1a loai hinh cudc goi thoai hay cudc
goi s6 liéu [33-37].

Thong thudng, khi mot tram gdc nao d6 khong du TCH dé dap tmg cho céac
yéu cau goi, BS d6 duoc goi 1a BS néng va yéu cau cap kénh cho cudc goi ciia MU
s& bi tir chdi. Khai niém BS nong dugc st dung dé mo ta viée s6 luong MU tap trung
cao, hodc luu luong cude goi cua cac MU trong BS d6 tang 1én dang ké. Khi tat ca
cac BS trong mang déu néng, MU sé& nhan dugc thong bao nghén mang. Khi nghén
mang xay ra trong mot ving gdm mot sé BS ké nhau, trudng hop nay goi 1a nghén
mang cuc bo. Nhu da dé cap, trén quan diém cua nguoi dung, viéc rét mot cude goi
HO s€ mang lai cam giac kho chiu hon nhiéu so véi viéc khoa mot cude 201 mdi voi
cung mot 1y do hé thdng hién dang ban vi tit ca cac kénh déu dang bi chiém. Chinh
vi thé, viéc duy tri két ndi cho cac cude goi chuyén giao ludn 1a mot thach thirc cho
céc hé thong thong tin di dong.

1.2 Ky thuat chuyén tiép trong hé théng thong tin vo tuyén
1.2.1 Chuyén tiép trong thong tin di dong

Chuyén tiép trong thong tin di dong duoc dic biét quan tim trong cac hé thong
4G, va trong phién ban 8 (Release 8) cia 3GPP [26, 33, 54] do yéu cau cao vé chat
luong két ndi, dién hinh dbi voi cac cude goi dit liéu. Cac tram chuyén tiép RS (Relay
Station) dugc sir dung nhu 1a trung gian gitta BS va MU nhu mo ta trong Hinh 1.4.

Muc dich chinh cta viéc sir dung céc tram chuyén tiép trong di dong duoc dé cap dén
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trong [26, 33, 54] 1a: cai thién chit luong kénh truyén giita BS va MU, va mé rong

vung phuc vu cua BS.

a) cai thién chat hrgng kénh b) mé rong ving phii song

Hinh 1.4 Chuyén tiép trong thong tin di dong

Trong Hinh 1.4.a), mot két ndi chuyén tiép qua RS duoc thiét 1ap khi két nbi
vo tuyén truc tiép gitra BS va MU khong bao dam chat luong dudi anh huéng cua
cac yéu té nhu murc cong suat phat tai BS, nhidu dudng truyén, hoic chat luong kénh
truyén suy giam 1am cho murc thu tai MU duéi ngudng cho phép. Trong Hinh 1.4.b),
vung phuc vu ciia BS dugc mé rong téi nhitng MU nam & nhiing vi tri cach xa BS
thong qua cac két ndi gitra BS va RS, va tir RS t6i cac MU [54].

Cac HTTTVT thé hé méi (ké tor 4G) c6 kha nang sur dung mat dg cao cac tram
RS. Piéu d6 mé ra co hdi nang cao chét luong duy tri két ndi song ciing dit ra thém
nhiéu thach thirc moi. Mot trong nhitng thach thic dit ra 13 1am thé nao dé tin dung
hiéu qua vai tro ciia RS trong viéc cai thién hiéu ning CDP va dé 1a mét chi dé
quan tam nghién ciru ciia ludn an nay.

1.2.2 Chuyén tiép trong hé théng thong tin vo tuyén da ching

Truyén thong da ching MH (Multi-Hop) dugc hiéu 1a viéc truyén dit liéu tir
mot nat nguodn S t6i nit dich D thong qua cac nit trung gian R (R1, R2, ..., Rn) nhu
mo ta trong Hinh 1.5 [53, 90-91, 97-102].

Hinh 1.5 cho thay rang truyén thong MH chinh 1a sy thé hién cia HTTTVT st
dung k¥ thuat chuyén tiép. M6 hinh nay xuat hién trong nhiéu nghién ctru vé truyén
thong MH [53, 90-91, 97-102]. Nhu di dé cp trong Loi mé dau va phan cubi cia
Muc 1.1.2, tiéu chuan vién thong qudc té ITU-T. Y3104 [11] d4 chi ra WSN duoc coi
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12 mot thanh td chinh ctia cdc HTTTVT thé hé méi. Do dic diém ciu tao cua céc nat
cam bién SN (Sensor Node), truyén thong trong WSN tudn theo mé hinh MH véi
giao thirc dinh tuyén phan cip cum thich tng ning lwong thip LEACH (Low Energy
Adaptive Clustering Hierarchy) [84-88].

Xac suat cham

Thu tréi phép (Nhigu)
Song cc‘)ng FD IP
Ban song céng HD A
Xac SLiE‘il dirng
- - - r

&Y | ' o
Hinh 1.5 Mé hinh chuyén tiép trong HTTTVT da ching

Chuyén tiép trong HTTTVT da ching c6 thé bi can trd viée duy tri két nbi
(thAm chi gy gidn doan) vi cac 1y do nhu: nhiéu tir cdc nat mang khéac; nhiéu do an-
ten, suy hao Fading; tic dong ctia phan cting khong hoan hao, v.v. Hau hét cac nghién
clru toi nay déu tap trung vao hai chi s6 hiéu ning quan trong nhét 1a xac suat ding
OP va xac suat chin IP. Tuy nhién, van chua thiy nghién cru ndo xem xét cac gia tri
OP va IP da ching ciing nhu méi quan hé giita chiing trong diéu kién xét day du cac
tham s6 lién quan va ti s tin hiéu trén nhifu & mirc cao. Do vdy, dy & chii dé quan
tdm nghién ctiru thir hai ciia ludn an nay. Cac gia tri OP va IP dugc xem xét tinh
toan cho kién trac da chang dua trén mot mé hinh mang WSN MH LEACH.
1.3 Hiéu niing hé théng thong tin vo tuyén
1.3.1 Khai quat

Hi¢u nang 1a mot khai niém dé chi kha nang lam viéc hi€u qua cuia mot h¢
thong trong cac diéu kién khac nhau, dugc thé hién va danh gia thong qua mot hoic
nhiéu tham sb biéu thi b%lng cac cong thure todn hoc. Mac du khai ni¢m hi€u nang kha
rong, cac tiéu chuan vién théng qudc té, dién hinh nhu [35-38, 110] d4 liét ké cac tiéu
chi hi¢u nang quan trong nhét gé)m: chét lugng dich vu, duy tri két nbi [35-36], do
san sang dich vy, ti 1¢ that bai cudc goi (lién quan cudc goi mai), ti 1€ rét cude goi
chuyén giao, ti 16 mat goi, d6 tré dau cudi, ti 18 13i bit [37-38, 110].

Trong pham vi nghién ctru, luan dn nay s€ quan tam téi ti€u chi hiéu nang

HTTTVT thé hé méi sir dung k¥ thuat chuyén tiép duoc chi ra trong tiéu chuan ITU-
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T Y.2225 nam 2018 [36] vé yéu cau duy tri két ndi trong ngir canh mé hinh kién trac
két hop ciia mang di dong va mang khong day da ching, cu thé 1a mang WSN MH
LEACH. Nhu dé cép trong tiéu chuan ITU-T Y.2225, duy tri két ndi lién quan dén
bao dam chuyén giao HO trong hé thdng thong tin di dong yéu cau chdng gian doan
va bao dam an toan két ndi [36]. Do viy, trong cac muc tiép theo ludn 4n s& tip trung
trinh bay vé tiéu chi hiéu ning duy tri két ndi, cac van dé lién quan mat thiét dén duy
tri két ni 1a hoat dong chuyén giao, xac suat chuyén giao cudc goi, xac suat rét cudc
g0i, xac suat ding va xac suat chin két ndi.

Nghién ctru vé hoat dong chuyén giao, xac suit chuyén giao cudc goi, xac suét
1ot cude goi duoc tap trung trong mo hinh kién trac trong cum 1 (Hinh 1), cu thé 1a
trong hé thong thong tin di dong sir dung tram chuyén tiép (Hinh 1.4). Nghién ctru vé
duy tri két ndi v&i xac suat dimg va xéc sudt chian dugc tap trung trong mé hinh kién
trac trong cym 2 (Hinh 1), cy thé 12 trong hé théng WSN MH LEACH (Hinh 1.5).
1.3.2 Duy tri két noi

Céc thiét bi vo tuyén thuc hién qué trinh trao d6i théng tin thong qua céc kénh
tan s6. Tuy theo mé hinh truyén thong, viéc duy tri két ndi dit ra nhitg yéu cau khac
nhau trén quan diém cua hiéu nang.

Déi véi cac UE/eMBB nhu trong cac hé thong thong tin di dong, duy tri két
ndi dugc hiéu 1a viée dat dugc gia tri CDP thap nhat cho cac cude goi HO, tirc 1 ti 16
thanh cong cta cac cudce goi HO cao nhat [33-36, 133-137]. Trong trudng hop cudc
goi HO cua mot UE nao do bi rét, hé théng da khong duy tri duoc két ndi cho UE
nay.

DPdi v6i cac hé théng WSN MH LEACH, duy tri két ndi duoc hiéu 1a viée bao
dam céc gia tri Xac suat dimg OP (Outage Probability) va x4c suit chian IP (Intercept
Probability) thap nhat [53, 90-91, 97-102]. Néu vi mét 1y do nao d6 ma OP va IP vuot
mot gia tri danh dinh, h¢ théng s€ ngung lam viéc, tic la két ndi gilra cac nut trong
hé théng khong con duoc duy tri.

Tom lai, c6 thé thdy rang duy tri két ndi 1a yéu t6 quan trong nhat anh huéng

dén hiéu ning hé théng thong tin vo tuyén.
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1.3.3 Chuyén giao va x&c suat chuyén giao cudc goi

Yéu ciu chuyén giao di duoc phan tich trong Muc 1.1.3. M6 hinh tinh toan
xac sudt chuyén giao duoc thé hién trong Hinh 1.6. Xac suit chuyén giao Py 1a tham
s6 dugc quan tim trong cac nghién ctiru vé chuyén giao trong cac hé thong thong tin
di dong. Céc tinh toan Ph duogc bét dau tir nghién ctiru cua Rappaport théng qua Hinh
1.6 nhu sau [39-42].

L

Hinh 1.6 Mb hinh tinh toan x4c suit chuyén giao Pn ciia MU trong BS
Trong Hinh 1.6, gia str diém U 1 vi tri ban dau ctia MU trong BS va c6 khoang
cach dén BS 1a d = OU (véi O 13 tAm ving phu song hinh tron caa BS) v6i phan bd
cuad la:

[2d/RZ, 0<d<R,
fd(d)_{o i (1.1)

Trong cong thic (1.1), Rw 1a ban kinh phu séng cta hinh tron c6 dién tich
twong duong voi dién tich ctia BS luc gidc, nén R dugc tinh nhu trong cong thirc
(1.2) v6i R 1a ban kinh hinh tron ngoai tiép BS luc giac, hay ban kinh hinh tron phu

song thuce té 1y tuong cua BS.

Ry =, /%R ~0.91R (1.2)

Sau khi thiét 1ap cudc goi, MU s¢ di chuyén tu do theo moi hudng trong BS
voi van tde v va huong di chuyén UD véi D 14 diém dén du kién cua MU duoc thé
hién thong qua goc « = <(OU,UD) . Ham phan bd ctia v va a tuan theo cac cong thirc

(1.3) va (1.4), trong d6 Vmax 14 van toc 16n nhat cia MU.
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/v ., 0<v<V
fv (V) — { max max (1.3)
0, V£
1/2z, 0<a<2
fa(a)={ e (14)
0, o #
Thoi gian dam thoai ciia MU tuén theo phan bd chuan sau:
e, t>0
f(t) = {” (1.5)
0, t#

Nhu da dé cap O trén, cudc goi cua MU s€ dugc tinh la chuyén giao khi MU
vuot ra khoi ving phuc vu ctia BS hién thoi va diéu nay tuong twong véi viée khi MU
di chuyén cham dén diém Y trong Hinh 1.6 ma cudc goi van tiép dién. Gia sir rang
MU giir nguyén van téc va huéng di chuyén trong qua trinh dam thoai, ltic nay xac

suat chuyén giao Ph cia MU duoc tinh 1a:
ty
P=P (t>tth =M)=1—Pr(tstm)=1—j f (t)dt (1.6)
v —0

Trong cong thic (1.6), ti 14 thoi gian ngudng cho biét MU di cham dén diém
Y, tirc 14 khi thoi gian dam thoai 16n hon gia tri ngudng nay thi sé xay ra chuyén giao.
Tuy nhién, ban than thoi gian dam thoai cling 1a mdt phan bd ngiu nhién nhu trong
cong thirc (1.5), con gia trj thoi gian ngudng te lai 1a ham sé phu thudc vao vi tri ban
dau, hudng va van téc di chuyén nhu trong cong thirc (1.7):

=£:d-005a+«/Ré—dzsin2a w7

Y '

by

Trong d6 UY dugc tinh theo dinh ly cosine trong tam giac aOUY , voi:
RZ =0U? —20UUY «cos oz +UY? (1.8)
Tac 12 UY 1a nghiém duong ctia phuong trinh (1.9), va dugc thé hién trong
(1.20):
UY?-2UY«decosa+d*~R; =0 (1.9)

UY =decosa +R% —d’sin’ « (1.10)

Viéc tinh toan ngudng t lGc nay dugce thuc hién nhu trong (1.11):
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d-COS(E[Of])JF\/Ré—dZSi”Z(E[a]), theo d
E[v]
) E[d]-cos(E[a])+\/Rt\2d/ —(E[d])25in2(E[a])’ theo v (1.11)
E[d]-cosa ++/R% — (E[d])?sin? & theo «
Elv]

Cong thire (1.11) chi ra rang viéc tinh gi4 tri ngudng cho chuyén giao ctia mot
cudc goi khong hé dé dang, vi cac tham sé clia qua trinh dam thoai cia MU 14 hoan
toan ngiu nhién nén nguoi ta s& phai lya chon tham s6 cho mdi phuong phap tinh.
Khong nhiing thé, viéc gia dinh cac phan bd dong déu trong cac khoang gia tri (min,
max) cta cac tham sd dé xac dinh gia tri ky vong E[.] ctia cac bién ciing di 1a mot
yéu tb gitp cho viéc tinh toan co thé kha di hon. Tuy vay, cac nghién ciru vé chuyén
giao van gip rat nhiéu khé khin trong viéc tim ra mot cong thirc gan dung cho tn theo
nhu cong thirc (1.11). Hon nira, gia str cac gia tri trong cong thirc (1.11) duoc giai
quyét thi véi muc dich xac dinh xac suat chuyén giao, viéc tinh toan Pn theo cong
thirc (1.6) lai gap phai thach thic v6i diéu kién cua cong thie (1.5). Nhu vay, viée
tim ra mot két qua tong quat cho xac suat chuyén giao Ph 1a thuc su kho khin. Chinh
vi thé, cac nghién ctru sau nay chi ra rang chi c6 thé tinh toan Ph theo mot trong céc
gia dinh: hodc tinh theo vi tri (d) [44, 119], hodc theo vén toc (v) [120], hoidc theo vét
di chuyén (theo huéng ciiaa ) [121] véi thoi gian dam thoai t c6 ky vong E[t] [39-
42]. Tuy theo quan diém danh gid ma xac dinh d6 phirc tap trong tinh toan dé c6 cac
két qua phu hop véi cac diéu kién gia dinh ctia mang.

Mac du tap trung vao cai thién CDP, bai toan don gian hoa viéc tinh toan Ph
cling dugc quan tim trong ludn an nay va s& duoc dé cap trong Chuong 2.

1.3.4 X4&c suit rét cudc goi CDP

Theo k¥ thuat luu lwong dugc khuyén nghi boi ITU va ETSI [35-38], CDP

duogc tinh toan thong qua Cép do dich vu GoS (Grade of Service) ddi vai cac dich vu

thoi gian thyc nhu sau (1.12):
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T /N.!
Nc

(T*/kY)

k=0

GoS= (1.12)

Trong d6, T 1a luu luong va duge tinh bang T = A/, v6i A, ula tde d6 yéu cau
goi va toc d6 két thuc cude goi trong tng. Cac tham sb nay thuong cd phan bd ngiu
nhién véi cac ham mat d6 phan bd xac suét theo phan bd Poisson va ham sé mil 4m;

N, 1a s6 két ndi vat Iy (dung luong) ciia mot BS [34-35, 136]. Dya trén cac phan tich
va tinh toan vé GoS cho ca cac dich sd liéu trong tai liéu vé k¥ thuat luu luwong [ 35],
va trén quan diém bao dam viéc cung cp cac két noi vé tuyén cho cac cudc goi thoi
gian thue trong thong tin di dong, hoan toan c6 thé ap dung cong thirc GoS trong céc
thé hé sau (4G va 5G) cua thong tin di dong dé danh gia cac chi sé xac suat chin cudc
goi CBP va xéc suit rot cude goi CDP.

Gia str mdi BS duoc cung cap Nc két ndi vo tuyén dé phuc vu cho cac yéu cau
goi cia MU, va dung lugng nay duoc chia thanh Ny va Nh danh cho céac cudc goi méi

va cudc goi chuyén giao twong tng, vi Nc = Nn + Np. Ta co:

Nn
CBP = % (1.13)
> (T
k=
Np
CDP :M (1.14)

h

MZ

(T /k !)

=~
I

0

Trong d6 Tn va T twong uing la cac luu luong cude goi mébi va luu luwgng cude
goi chuyén giao trong hé thng.

C6 thé nhan thay trong cac cong thirc (1.12) va (1.13) 1a khi dung lugng bang
0, tAt ca cac cudc goi déu khong thé thuc hién duoc v6i xac suit thit bai béng 1. Trong
thuc té, didu nay khong xay ra vi dung luong cua cac tram gde 1a mot s nguyén
duong (Nc > 0); va cic cude goi méi ludn phai duge khoi tao thanh cong va chiém
dung kénh (0<N, <N.) trudc khi cic cudc goi chuyén giao dugce khdi tao. Tuy
nhién, trong trudng hop cia CDP nhu trong cong thirc (1.14), khi tat ca cac kénh déu

d3 danh cho céac cude goi mai (Nc = Ny) 1am cho Nh = 0 va CDP =1, ttc 1a tat ca cac
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cudc goi chuyén giao déu bi rét. Trong khi dé, cac cudc goi chuyén giao c6 murc do
uu tién cao hon cac cudc goi mai nén can phai tinh toan Nj dé dat duoc cac gia tri
CDP danh dinh nhu trong [50, 57, 115-118]. Thong thudng, gi tri lon nhét cia GoS
duoc chép nhan 1a 5% cho cac cudc goi mdi va 2% cho cac cudc goi HO trong cac
hé théng thong tin di dong. Tuy nhién, gia tri danh dinh caa GoS cho cac cudc goi
méi va cudc goi HO tuong ing 1a CBP <2%va CDP <1% [36-38, 109-110].

Trong trudong hop téng quat, dé co cai nhin tryc quan vé xé4c suit that bai cudc
go1, tac gia thuc hién tinh todn gia tri GoS thong qua cac tham s6 toc do thiét lap cudc
goi va thoi gian chiém dung kénh véi cac gia tri khac nhau cua dung luong BS. Viéc
tinh toan duoc thyc hién béng cach sir dung cac ham s6 duoc dinh nghia trong Excel.
Thong qua viéce lap trinh trong Excel, tic gia nhan dugc cac két qua nhu thé hién

trong cac hinh tir Hinh 1.7 d&én Hinh 1.11.

100 :--'-'NC=5 100 r = ol =+ Nc=5
3 Nc=10 R Nc=10
L t =2 phat L _ ,
80 | ==ar=«Nc=15 p o [ —=#=-Nc=15 t=2.5 phat a
[ a-" -
[ Nc=20 ._‘— r Nc=20 -
oo | ==o=Ne=25 _m-” [ —-e--Nc=25 g
<~ [ —® N30 _m~ <% [ —eo—nNe=30@”
X [ .’ = ’/
- L ’ [%) i
Ba0 f . S [ /’ P )
© [ » 4 O [ , P
. ’ - . &«
[ 4 g [ 4 -
| / L / &
20 L] P < 20 [ / e
[ / « C A
L s - K Pig -9
e ¢ _ m & _o”
o Ll gt b= 0-8 . 0 —-
t 23 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Toc do thiét 1ap cubce goi A (calls/phut) Toc do thiét 1ap cudc goi A (calls/phat)

Hinh 1.7 GoS véi thoi gian chiém kénh 2 phut va 2.5 phat

Co6 thé nhan thay trén Hinh 1.7 rang khi Nc = 30 va thoi gian chiém dung TCH
1a 2 phit va A = 10 cudc goi/phut, hé théng dap tng kha t6t véi GoS khoang 2%,
nhung gi tri ndy s& ting rat nhanh 1én dén gia tri 16n hon 5% khi thoi gian chiém
dung kénh 14 2.5 phut va A = 10 cudc goi/phut. Hon nita, ¢ thé thay rang véi cling
mot A = 10 cudc goi/phut va cac khoang thdi gian chiém dung kénh 1a 2 phit va 2.5
phut, gia tri GoS 1a khoang gan 80% trong BS c6 dung luong thap (Nc = 5). Nhu vay,
viéc gidm chi sb x4c suét that bai cudc go1i vé céc gia tri danh dinh thyc sy 1a ap luc

16n trong cac hé thong thong tin di dong.
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Hinh 1.8 GoS véi thoi gian chiém kénh 3 phat va 5 phit

100 100 r
80 80
— 60 F —60 |
X a X _ .
s > t =15 phat
8 40 | 4o |
- epe = Nc=15 = =@ =+ Nc=5 === Nc=10
20 e, Ez;g 20 == == Nc=15 Nc=20
N30 = =@ = NC=25 =@ Nc=30
o P 0 e e
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
T&c dé thiét 1ap cudc goi A (calls/phut) T8c d6 thiét 1ap cudc goi A (calls/phdt)
Hinh 1.9 GoS véi thoi gian chiém kénh 10 phut va 15 phut
100 100 r
80 80
_ . t =25 phat
— 60 t =20 phut e |
S —— = Nes5 S - =B = Nc=5
? 2 ———— Nc=10 ? w0 [ ——— Nc=10
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0 o 0 e e e ey
1 2 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10
T6c d6 thiét 1ap cudc goi A (calls/phit) T8c do thiét 1ap cudc goi A (calls/phut)

Hinh 1.10 GoS véi thoi gian chiém kénh 20 phit va 25 phiit
Hinh 1.8 va Hinh 1.9 cho thiy riang véi cting mot gia tri A = 10 cudc goi/phit
Nc = 30, GoS da tang tir hon 40% 1én 80% khi thoi gian chiém dung kénh ting tir 5
phat 1én 15 phat. Pong thoi, voi thoi gian chiém dung kénh 13 15 phat, gia tri GoS
trong Hinh 1.9 d3 16n hon 10% khi A = 2 cudc goi/phut. Nhu vy, c6 thé thay ring
thoi gian chiém kénh tac dong rat 16n dén GoS. Hinh 1.10 cho thay rang véi toc do

thiét 1ap cudc goi kha nho (A = 1 cudc goi/phut), thoi gian chiém kénh 14 25 pht, tat
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ca cac gia tri GoS déu 16m hon 4%. Tuong ty nhu vay, voi cung mot gia tri A =1 cudc
goi/phiit nhung thoi gian chiém kénh 1a 30 phut, tit ca cac gia tri GoS déu tang 1én
hon 10% nhu trong Hinh 1.11. Hon nira, trong Hinh 1.11, khi A tang 1én hon 10 cudc
goi/phit, tat ca cac gia tri GoS déu 16n hon 90%. Nhu vay, dé giam xac suat that bai
clia cac cude goi véi thoi gian chiém kénh 16m, cac hé théng can phai ting dung luong

1én rat 16n.

100 100 P————
_._.-_----— -: =
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| A -
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G) 40 1G] c=
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1 2 3 4 5 6 7 8 9 10 10 20 30 40 50 60 70 80 90 100
T&c dd thiét 1ap cudc goi A (calls/phut) T8c dd thiét 1ap cudc goi A (calls/phut)

Hinh 1.11 GoS véi thdi gian chiém kénh 30 phat

Quan sat cac gia tri GoS trong cac hinh tir Hinh 1.7 d@én Hinh 1.11, c6 thé thiy
réng néu A 12 toc do thiét 1ap cudc goi HO, va Nc trong cac hinh nay dugc coi la cac
gia tri dung lugng danh cho chuyén giao Ni thi GoS = CDP. Piéu nay doi hoi cac BS
phai c6 dung luong rat 1on dé c6 thé duy tri két ndi cho cac cude goi HO. Hon nita,
nhu d3 dé cap ¢ trén, luu luong chuyén giao va luu lugng cude goi moi cd quan hé
bién chiing vdi nhau. Tuc 1a, khi tdc do thiét 1ap cudc goi mai tang 1én thi tde d6 cudc
goi HO ciing ting theo, v4i ciing mot xac suat chuyén giao Ph. Do d6, khi luu luong
tang lén, viéc duy tri két ndi cho cac cude goi HO tré thanh mot thach thire thuc sy
cho cac hé thong.

Cac két qua thi nghiém da thyc hién (tir Hinh 1.7 d¢én Hinh 1.11) cho thay xéc
suét that bai cudc go1i chuyén giao, hay xac suét rét cudc go1, c6 lién quan mat thiét
dén kha nang chuyén tiép luu lugng trong diéu kién luu lwong rat cao. Xem xét ti 18
chuyén giao phu hop, tan dung hiéu qua cac tram RS dé hd tro chuyén giao trong diéu
kién luu luong cao khi tat ca cac két ndi trong cac tram géc BS & mgt vung nhét dinh

déu dang bi chiém dung va tinh todn xac suit CDP trong diéu kién tuong tmg sé 1a
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mot hudng giai quyét dé cai thién chit luong duy tri két ndi cho chuyén tiép cac cudce
goi chuyén giao.
1.3.5 X&c suit dirng OP

Hinh 1.12 m6 ta mo6 hinh kinh dién cta k¥ thuat chuyén tiép trong HTTTVT
thong qua viéc sir dung nut chuyén tiép R dit gitra nut ngudn S va nut dich D. Viéc
st dung ntt R nham bao dam cho nit D thu va giai ma chinh x4c ndi dung phat tir

nut S.

Hinh 1.12 M hinh truyén théng 2 ching
Theo 1y thuyét thong tin hién dai, tin hiéu y;(D) thu dugc tai nat D nhu trong
Hinh 1.12 duoc tinh thong qua tin hiéu X phat tir ngudn S va cac hé sb kénh truyén vo
tuyén h; va nhiéu n, v6i z={d,d,,d,} tuong Gmg nhu sau day, trong d6 y, véi
z={S-D,R-D,S—R} la gia tri ti s6 tin hi¢u trén nhiéu SNR (Signal to Noise Ratio)
tuong tng trén cac hudng truyén, va No 1a nhidu tring Gauss cong tinh AWGN [53]:

1) Thu truc tiép tir S theo dudng S-D, kénh truyén d:

Yo (D) =X-h, +n, (1.15)
P. |h.[°
VOl yg o = d ;" (1.16)
NO

2) Thu tir nit R theo duong R-D, kénh truyén da:

Yep(D)=Xx-hy +n, (1.17)
2
7 PR hd
Vo1 ¥ p = ~ (1.18)
NO

3) Véi tin hiéu thu duoc tai R tir ngudn S, r0i méi phat téi D:

Ys r (R) =X- hdl +Ny, (119)
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2

Py

h,,
N;

V6i yg o = (1.20)

Xac suit dirng OP (Outage Probability) 12 xac sudt ma hé thong s& dirng 1am
viéc khi gia tri SNR 7 tai nut D giam Xuéng dudi mot mic ngudng dinh trude nao
dé nhu trong cong thue (1.21):

OP =Pr(yy <74) (1.21)

V6i 7, =2% —1, Rin 1a ngudng toc do trén kénh truyén dan.

Céc gia tri Y, trong cac cong thuc (1.16), (1.18), va (1.20) 1a co s& tinh toan
dé bao dam OP tai niit D sao cho may thu c6 thé khoi phuc chinh xac ndi dung théng
tin tir nut S giri t&i thong qua hé théng. Trong thuc té, OP 13 mot trong nhiing thong
s6 hiéu ning mang quan trong danh gia kha ning hoat dong chinh xac va 6n dinh cua
céc hé thong vo tuyén da ching. Néu vi mot 1y do ndo d6 ma p < 74, , két ndi téi
nut D sé khong con dwgc duy tri.

Trong trudng hop tong quat ciia truyén thong da ching nhu trong Hinh 1.5,
OP tai nt D 14 x4c suét durng toan chang tir ntt dau téi nat cudi, va xac suét nay bi
anh huong bdi cac OP tuc thoi tai ching S va nat chuyén tiép R dau tién (S_R1), va
tai cac chang trung gian giita cac nat Ri (i = {1, ..., n-1}), cho dén ching cudi Rn_D,
v6i n 12 s6 chiang chuyén tiép.

Bai toan tinh hiéu ning OP toan ching trong vo tuyén chuyén tiép bi anh
huéng boi nhiéu tham sé nhu mé hinh kénh truyén vo tuyén, mé hinh chuyén tiép, sd
lugng ang ten tai cac nut, moé hinh thu hoach nang lugng va kha nang thu hoach nang
lwong EH tai cac nit R, va mic do anh hudng cua phan ctng khong hoan hao tai cac
nat [77, 79]. Nhu vay, viéc tinh toan OP tuong minh dé cé co so danh gia hiéu ning
mang 1a mot thach thirc trong nghién ciru vé vo tuyén chuyén tiép.

1.3.6 Xé&c suit chin IP

Khai niém xéac suat chian IP (Intercept Probability) duoc dua ra trong truong

hop xuét hién mot hodc nhiéu nat E khai thac théng tin mot cach bat hop phéap trong

hé thong nhu trong Hinh 1.5. IP 13 x4c suat ma hé thong s& nglmg lam viéc dé ngin
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chdn viéc nat E khoi phuc chinh xdc thong tin tir viéc khai thac trai phép trén céac
chang truyén dan tir S t6i D thong qua cac nut trung gian Ri, va duoc tinh nhu sau
[66]:

IP=Pr(ye > 7,) (1.22)

Trong thuc té, E 1 nut bat ky bén ngoai hé théng truyén thong cua S, Ri, va
D. Do d6, trong Hinh 1.5, E c6 thé thu tin hiéu tir tat ca cac nut phat, bao gém S va
cac Ri. Nhu vay, IP toan chang tai E dugc tinh toan thong qua céc IP cua cac chiang
trung gian. Hon nita, trén quan diém hiéu ning, gié tri IP ¢6 anh huéng 16n téi ¥ tai
nat D hay OP cua hé thong. Noi mot cach khac, nat E trong trudng hop nay co thé
coi 12 mot tac nhan gay gian doan két ndi tir S téi D.

Xét mot cach tong quat, nit E c6 thé xem nhu tic nhan gay nhidu (ké ca nut
chuyén tiép trung gian va tic nhan can thiép bat hop phap) 1am cho viéc chuyén tiép
két ndi c6 thé bi gian doan hodc bi chian. Cung véi OP, IP ciing 1a mot tham s hiéu
nang quan trong trong viéc duy tri két ndi trong mé hinh truyén thong da chiang. Xéc
suat IP dd dugc quan tAm trong nhiéu nghién ctru trong ngir canh WSN MH LEACH
[69, 75, 79, 92, 100]. Ciing twong ty nhu OP, viéc tinh toan cac biéu thirc tuong minh
cho IP toan ching trong cac HTTTVT sir dung k¥ thuat chuyén tiép kha phuc tap,
phu thudc vao viéc lya chon tham sb va xay dung mo hinh tinh toan.

1.4 Céc nghién cau lién quan
1.4.1 Nghién ciru lién quan ky thuat chuyén tiép trong théng tin di dong

Céc bai toan vé chuyén giao trong thong tin di dong ludn 1a dé tai nghién ctru
hép dan, dic biét trong bdi canh HTTTVT thé hé méi véi cac tram chuyén tiép. Mo
hinh Iuu lwong va hiéu ning trong chuyén giao duoc bat ddu kha sém trong nghién
curu cua Rappaport va cac cong su [34, 39]. Sau do, cdc md hinh va cong thirc tinh
toan ti 1¢ chuyén giao dugc phat trién va thuc hién trong [40-42, 44, 119-121]. Céc
tinh toan vé CDP duoc thuc hién trong [40-42, 57, 119, 121, 135-137]. Bé cai thién
CDP, giai phap du trit kénh dudi cac diéu kién 1am viéc khac nhau duge dé xuat trong
céc nghién ctru [115-118]. Trong cac nghién ctru ndy, nguoi ta s& duy trit N kénh dé

chi danh cho cac yéu cau HO, va (Nc — Nn) kénh dugc stir dung cho ca céc yéu cau
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goi méi va yéu cau HO. Van dé kho khin cua giai phap nay 1a ti 16 du trit, boi vi néu
du trir nhiéu thi bao dam CDP, song sé& lang phi tai nguyén; nguoc lai thi CDP s&
khong bao dam. Noi cach khac, viéc bao dam cung mot lac 2 yéu cau vé hiéu qua
khai thac tai nguyén tan s6 va CDP 1a mot thach thirc trong cac nghién ciru.

Trong [46], tc gia dd nghién ctru cac giai phap bao dam két ndi lién tuc cho
cac MU khi di chuyén trong mot mang hdn hop gdm cac tram gdc va cac tram chuyén
tiép co ban kinh phu song nhd nam trong ving phtl séng cia mot tram gdc co ban
kinh 16n hon. Céc tham s6 dugc quan tam trong [46] 14 viéc quan 1y cac dong dit lidu
ctia MU trong qué trinh trao doi thong tin khi di chuyén qua céac tram (cell), va thong
qua nhiéu 16p tram mot cach lién tuc. Muc dich cua [46] 1a giam ti 18 chuyén giao that
bai, va giam hiéu ng ping-pong trong trong chuyén giao. Cac tham sb anh huong
dén tinh todn chuyén giao va xac suat chuyén giao thanh cong trong luan an 1a vi tri
cac tram va vi tri MU, vén toc di chuyén, huéng di chuyén va thoi gian két ndi cia
MU. Méc du dat dugc nhiing cai thién dang ké trong viéc nang cao xac suét chuyén
giao thanh cong, nghién ciru nay chi dimg lai & cac mirc luu luong trong diéu kién
mang hoat dong binh thudng ma chua dé cip dén vai tro cua cac tram chuyén tiép,
va ciing chua tinh toan viéc cai thién CDP thong qua co ché chuyén tiép trong diéu
kién tat ca cac tram trong mot vung mang déu dang ban.

Tuong tu nhu vay, cic tac gia trong [120], [122-124] ciing dé cap dén viéc
tinh toan va ning cao xac sudt chuyén giao thanh cong nhung cac van dé vé viéc
chuyén tiép va str dung cac tram chuyén tiép trong LTE dé cai thién CDP trong diéu
kién Iuu lugong cao van chua duoc quan tam.

Céc nghién ciru vé viée sir dung cac tram chuyén tiép RS (Relay Station) dé
cai thién cac chi s6 CBP va CDP dugc thuc hién trong [49-50, 55-57, 125]. Uu diém
ctia giai phap nay 1 c6 thé chuyén cac kénh ranh tir cac BS c6 luu luong thip sang
cac BS c6 luu lugng cao dé cai thién cac chi sb GoS, tang hiéu qua khai thac tai
nguyén tan sd, va can bang luu lwong. Tuy nhién, cac nghién clru nay chua giai quyét

bai toan luu lugng cao khi tit ca cac BS déu khong c6 kénh ranh. Hon nita, cac tac
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gia ciing chua giai quyét bai toan bao dam CDP cho cac cudc goi HO trong trudng
hop luu luong cao, dac biét la cac cudc goi sb liéu thoi gian thyec.

Céc nghién ciru gan diy vé chuyén giao va chuyén tiép trong cic hé théng
thong tin di dong van chua khai thac tdi wu vai tro ctia tram chuyén tiép RS trong van
dé cai thién CDP, boi vi khi danh gia CDP thi hodc 1a khong st dung RS nhu trong
[46, 122-123, 127], hodc la chi khai thac RS trong cac diéu kién luu luong binh
thudng cta hé thong nham cai thién chat lugng két ndi nhu trong [45, 48, 51-52].

C6 thé nhan théy réng mac du dat dugc nhiing két qua nhat dinh trong viéc cai
thién CDP va quan 1y tai nguyén v6 tuyén; viéc tinh toan ti 1& chuyén giao va CDP,
cling nhu viée str dung cac ky thuat chuyén tiép trong cac hé théng thong tin di dong
dugc thyuc hién trong cac nghién ctru trén van con ton tai nhirng van dé sau:

1) Thir nhét, cic tinh todn vé ti 1é chuyén giao hodc xac suat chuyén giao cudc
goi cia cac MU thyc sy phtic tap trong cac nghién ctru [40-42]. Mac du la
tham s quan trong trong viéc tinh toan va danh gia luu lugng chuyén giao, dé
tir d6 ¢6 thé tinh toan va udc luong ngudn tai nguyén tan sb tuong tng nham
dap Gmg gia tri CDP; song, luu luong chuyén giao 14 luu lugng thr cp, duoc
sinh ra tur luu luong cude goi mai va viée tinh toan ti 1€ chuyén giao chi dé
gitip cho viéc quan 1y va khai thac tai nguyén tan s6 hiéu qua hon. Trong khi
d6, cho du phuc tap dén dau, viéc tinh toan va mod phong bang cac cong cu
toan hoc van gip phai kho khin trong viéc mo ta hoat dong ctiia mot hé th6ng
thuc, dic biét 1a trong van dé chuyén giao. Thuc té, ti 16 chuyén giao chi mang
tinh chat tham khdo, con trong hoat dong ctia hé thong thi viéc dap tng duoc
cac yéu cau cip kénh cho cac MU va duy tri két ndi cho cac cudc goi chuyén
giao dé bao dam CBP va CDP mdi 1a muc tiéu chinh. Nhu vay, cau hoi dat ra
& day 1a c6 thé ude lugng ti 16 chuyén giao theo md hinh don gian hon ma van
bao dam duogc céac tinh todn cho CDP dugc khong?

2) Tht hai, vai tro cla tram chuyén tiép RS chi dung lai ¢ viéc cdi thién chét
luong cac két ndi vo tuyén trong BS, hoic md rong ving phuc vu ctia BS (ciing

1a cai thién chat luong két ndi bang cach ndi dai ving phi song ciia BS) [32,
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45, 48, 51-52, 54]. Cau hoi dit ra ¢ day 1a: trude khi giai quyét bai toan cai
thién chat luong két ndi, viéc co du sb luong cac két ndi dé dap umg cho céac
yéu cau goi ciia MU cén phai dugc dit ra, dic biét 1 trong viéc chuyén giao;
do d6, c6 thé sir dung RS dé hd trg chuyén giao trong diéu kién tat ca cac két
ndi trong ciac BS ¢ mdt ving nhit dinh déu dang bi chiém dung duoc
khong? Néi mot cach khac, khi tat ca TCH trong T-BS déu dang bi chiém
thi ¢6 thé str dung ky thuit chuyén tiép thong qua cic RS dé nang cao ti
1¢ chuyén giao thanh cong hay khong?

Cdc ton tai trong cdc cau héi trén chinh la djng lwc thir nhdt cho cac nghién
ciru vé chuyén tiép trong ludn dn nay ciia nghién ciru sinh.

1.4.2 Nghién ciru lién quan k§y thuat chuyén tiép trong HTTTVT da ching

Céc hé thong truyén thong da ching MH 1a dé tai trong nhiéu nghién ctru. Viée
phan tich, danh gia hiéu ning hé théng thong qua cac gia tri OP va IP 14 nhiing chu
dé chinh trong cac nghién ctru nay. Tuy nhién, viéc tinh toan dé nhan duoc céc biéu
thirc tuong minh cho cac tham sb hiéu nang OP va IP trong cac hé thong MH 1a mot
thach thirc d6i voi cac nha nghién cru. Thach thirc ndy lién quan chu yéu dén viéc
lra chon cac tham sd tinh todn va lya chon cic mé hinh mé hinh nghién ctru lién
quan.

Céc nghién ctru trong vo tuyén chuyén tiép tip trung vao viéc lua chon mo
hinh chuyén tiép AF hay DF, FD hay HD [29, 64], Iya chon ang ten va lya chon nut
va vi tri ctia cac nut chuyén tiép [63]. Ngoai ra, trong mé hinh chuyén tiép st dung
da ang ten tai cac nit, van dé sir dung k¥ thuat thu két hop MRC (Maximal Ratio
Combining) ciing dwoc dit ra. Trong thoi gian gan day, viée st dung k§y thuat thu
hoach nang lugng song dién tr RF-EH (Radio Frequency Energy Havesting) tai cac
nut chuyén tiép R ciing nhan dugc sy quan tim cta cic nha nghién ctru. Ky thut nay
cho phép cac niit R chuyén ning lwong séng vo tuyén thu duge tir mot tram phat hozc
tir cac nut khac trong hé thong thanh ning luong dién dé lam viéc. Tuy nhién, viéc
thue hién EH tai cac nut R cAn mot khoang thoi gian nhat dinh, do d6 anh hudng dén

qua trinh truyén tin ctia hé thong. Ngoai ra, hiéu suét thu hoach ning luong ciing la
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mot tham sb tac dong dén viéc phan tich hi€u nang h¢ théng dua trén céc két qua tinh
toan cac gia tri OP va IP. Mot cach ngdn gon, cac dong gop cua cac nghién ciru nay
phu thudc vao viéc lya chon dg phtrc tap ctua cac tham s6 va mo hinh tinh toan, va
duogc thé hién qua cac biéu thirc tudng minh cua cac két qua.

Trén quan diém cai thién hiéu ning OP va IP cua mang, cac nghién ctru lién
quan dén WSN dugc tom tit nhu sau day.

Céc nghién ciru vé cai thién OP cua hé théng theo md hinh MH dugc dé cap
trong [58]. Cac chu dé bao gdm t6i wu hoa sé ching; co ché truyén dan da ching theo
hinh thic don cong HD (Half Duplex) hay song cong FD (Full Duplex); m6 hinh
kénh vo tuyén dudi anh hudng cia pha dinh theo phan bd Rayleigh, Nakagami-m,
hay Rician; cac anh hudng dén hiéu niang hé théng nhu nghe 1én hay thiét bi phan
ctiimg khong hoan hao; mé hinh chuyén tiép ndi tiép hay song song va kém theo d6 1a
viéc lya chon nat chuyén tiép, lya chon ang ten trong mé hinh da ang ten MIMO
(Multiple Input Multiple Output); co ché chuyén tiép khuéch dai roi chuyén tiép AF
(Amply and Forward) hay giai ma roi chuyén tiép DF (Decode and Forward) 14 nhiing
dé tai duoc thao luan nhiéu trong cac nghién ctru vé MH [60-61, 65, 76-78]. Muc dich
cudi cling cta cac nghién ctru nay 1a dat duoc cac gia tri hidu nang xac suat dimg OP
(Outage Probability), va xac suat chin IP (Intercept Probability) t6t nhat. Ngoai viéc
thu hoach ning lugng dé kéo dai tudi tho ciia SN, cac nlt cam bién con co thé s
dung céac ning lugng nay nhu 1 mot tin hidu gay nhiéu 1én cac nlt nghe 1én E dé bao
dam IP tai E duoc thuc hién trong cac nghién ctru [30, 66-67, 99]. Hop tac gy nhiéu
CJ (Cooperative Jamming) 1a mot k§ thuat co ban dé chong lai viéc thu thap trai phép
thong tin cua cac nut nghe 1én dugc thuc hién trong cac nghién ctru [69, 71-75, 82,
129]. C6 nhiéu co ché hop tac da duoc thyc hién trong cac nghién ctru nay. Trong do,
[71, 82] dé xuit cac phuong phap két hop viéce lwa chon cac nit chuyén tiép va nat
gy nhidu dé nang cao hiéu ning IP trong cac mang chuyén tiép hai ching, va [71]
con dé xuat cac n(t gay nhiu can phai thu hoach niang lugng tir niit ngudn S dé phat
AN. Trong [72-73] cac tac gia da danh gia hiéu nang dirng bao mat cho cac mang co

sir dung k¥ thuét da truy nhap khong truc giao két hop bang CJ. Tai liéu [129] da
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quan tdm t6i phuong phap ngau nhién va chuyén tiép dé gay nhidu cho nit E; trong
d6, cac nlt S va R st dung cac bd ma ngiu nhién 1am cho nit E khong thé két hop
duoc cac tin hiéu thu duoc véi ti 16 két hop 16n nhat MRC (Maximal Ratio
Combining). Tai li¢u nay cling da dé xuét viéc lua chon nat gay nhiéu va lua chon
cap d6i nguoi dung dé cai thién hiéu ning OP va IP. Tuwong ty nhu [129], viéc danh
gid OP va IP vé6i CJ va viéc lya chon cip d6i ngudi dung trong cac mang chuyén tiép
2 chiéu da dugc nghién ciru trong [74] dudi anh hudng cua viée wdc luong thong tin
trang thai kénh khong hoan hao.

Céc nghién ctru duoc d& cap ¢ trén da cung cAp mot cai nhin tong quan vé viéc
danh gia OP va IP véi cac k¥ thuat CJ, MH, va RF-EH trong cac mang WSN str dung
giao thitc LEACH. Tuy nhién, chwa ¢6 nghién ciru nao dé cp t6i viéc xay dung mo
hinh tinh toan OP va IP trong diéu kién sb chang chuyén tiép (s6 cum) va sb nut trong
cum la cic tham sb thay ddi, viéc lwa chon nit gay nhiéu J, vai trd cia cac CH trong
LEACH nhu 13 mdt nut cung cap ning luong cho cac nat gy nhidu J trong cum ké
tiép theo hudng truyén tin tir S téi D thong qua k¥ thuat EH, hay s6 luong cac ing
ten cua CH va cac SN, hay co ché lya chon ang ten, co ché lam viéc cua EH, co ché
Iira chon nut, va anh hudng ciia phan ciing khong hoan hao 1én cac tham sé hiéu nang
OP va IP trong mé hinh dugc dé xut. Tir nhitng khao sat trén, c6 thé nhan thdy nhiing
tham sb sau day co thé dugc két hop dé xdy dung mé hinh trong cac nghién ciru vé
danh gia OP va IP toan chang trong mang WSN MH LEACH su dung k¥ thuat thu
hoach ning luong EH dé gy nhiu kép hop CJ:

1) Co ché lya chon nit gay nhiéu két hgp EH va vai trd cia CH.

2) Sd lugng ang ten cua cac SN, CH, va E cling nhu co ché lya chon ang ten trong
mo hinh MIMO tao nén bdi cac nat da ang ten.

3) S6 ching chuyén tiép (s6 cum)?

4) S6 nat thanh vién trong cadc cum va mo hinh va muc dich ap dung EH/CJ tai
cac nut trong cum?

5) Anh huong ciia 18i phan ctng 1én hiéu nang hé thdng.

6) MO hinh kénh pha dinh.
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CAac vin dé dwoc dé cdp 6 trén chinh la dpng lie thir hai cho cdc nghién ciru
vé cdi thién hiéu nang HTTTVT sir dung kj thudt chuyén tiép trong lugn dn nay
cuia nghién ciru sinh.

1.5 Két luan Chwong 1

Chuong 1 di cung cip nhirng théng tin co ban vé cac HTTTVT st dung k¥
thuat chuyén tiép; bao gdm: 1) hé thdng thong tin di dong sir dung céc tram chuyén
tiép, va 2) HTTTVT thé hé méi v6i mo hinh truyén thong da chang dugc minh hoa
dién hinh véi mang WSN MH LEACH. Duy tri két nbi 1a mét tiéu chi hiéu ning quan
trong nhat nhu dd néu trong tiéu chuan quéc t& ITU-T Y.2225 [36] trong ngit canh
HTTTVT thé hé méi. Tiéu chi nay dugc thé hién qua ba chi s6 hiéu nang chinh la xéac
suat rot CDP lién quan dén chuyén tiép cac cudc goi chuyén giao, xac suat dimg OP
va xac suat chan IP lién quan dén chuyén tiép két ndi da chang. Chuong 1 cua luan
an da trinh bay khai quat vé chuyén giao cudc goi, k¥ thuat chuyén tiép trong ching
di dong va trong HTTTVT da chiang qua mé hinh WSN MH LEACH. Tiép d96, luan
an da tap trung trinh bay cac van dé vé chuyén giao, CDP, OP, IP va c4c nghién ciru
lién quan dén cac van dé trén. Qua khao sat cac nghién ctru da c6, luan an dua ra dinh
huéng nghién ctru: 1) duy tri két ndi va chat lugng két ndi v6i ky thuat chuyén tiép,
nang cao xac suat chuyén giao thanh coéng trong cac ving luu lwong rat cao ctia cum
chuyén tiép trong thong tin di dong khi cac tram goc déu dang ban; va 2) tinh toan
hiéu ning OP va IP toan ching ctia cum truyén thong da ching véi mot truong hop
dién hinh 1a cum WSN MH LEACH trong diéu kién c6 tac nhan sir dung k¥ thuat thu
hoach ning lugng dé hop tac gdy nhidu, anh hudng ciia phan cting khoéng hoan hao
va pha dinh Rayleigh. Cac noi dung nay s& duoc thyc hién trong cac chuong tiép theo

cua luan an.
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CHUONG 2 GIAl PHAP DUY TRI VA CAl
THIEN CHAT LUQNG KET NOI TRONG HE THONG
THONG TIN VO TUYEN SU DUNG TRAM CHUYEN TIEP

Tém tdt:

Néi dung chwong ndy sé phan tich dinh hudng nghién ciru s6 1 ciia nghién civu
sinh: duy tri két néi cho cdc cude goi chuyén giao HO thoi gian thuwc trong mét ving
mang ¢6 lwu heong rat cao cia HTTTVT sik dung tram chuyén tiép RS nhuw thé hién
trong cum I cua Hinh 1. Cu thé la: cac mé hinh tinh todan CDP véi cdc tram gé'c
khéng dy trit kénh, va du triv 1 kénh; cdc két qua mé phéng tinh todn xdc sudt chuyén
giao va xdc sudt chuyén giao thanh céng cudc goi thong qua RS véi cdc mé hinh
mang khdac nhau. Céac néi dung chinh cia chwong 2 gom: gidi phdp sir dung tram
chuyén tiép dé duy tri két noi véi cac mé hinh tram chuyén tiép kénh tinh va chuyén
tiép trong chuyén giao; gidi phdp duy tri két noi va chat lrong két noi véi kjj thudt
chuyén tiép xét trong ba trieong hop: khi cdc tram goc khong dy trit kénh dé chuyén
giao, khi trong viing heu heong cao va khi cac tram goc c6 due triv it nhdt mot kénh dé
chuyén giao. Phan mé phong dwoc thuc hién dé kiém chirng két qua tinh todn 1y
thuyét. Déng gop ciia chiwong nay dwoc thé hién trong cdc céng trinh 3.02, J.03, va
J.04.

2.1 Giai phap sir dung tram chuyén tiép @é duy tri két noi
2.1.1 M6 hinh cac tram chuyén tiép kénh

Mo hinh téng quat cua k¥ thudt chuyén tiép kénh CRS (Channel Relaying
Strategy) trong HTTTVT st dung RS dugc mé ta nhu trong Hinh 2.1. M6 hinh nay
bao gom 3 BS duoc ky hiéu C1, C2, va C3; 4 RS ky hiéu tir R1 dén R4 va cac MU
v6i cac ky hiéu UEL, UE2.x (voix = {1, 2, 3, 4}) dé chi cac MU thudc vung phuc vu
cua BS C1 va C2 tuong Ung.

Véi myc dich lam giam cac chi s6 CBP va CDP, CRS duoc dé xuit véi 2 mo

hinh hoat dong: chuyén tiép kénh tinh SCRS (Static CRS) cho cic cudc goi médi va
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chuyén tiép kénh chuyén giao HCRS (Handover CRS) dé phuc vu cac cudc goi
chuyén giao. Nguyén 1y cia SCRS va HCRS duoc mé ta van tit nhu sau day [50, 56-
57].

Hinh 2.1 Mb hinh chuyén tiép kénh CRS
2.1.2 Chuyén tiép kénh tinh SCRS

SCRS duogc str dung dé phuc vu cac cudc goi mai trong cac BS nong. BS ndng
duogc hiéu 1a cac tram gdc khong co du sb kénh luu lugng TCH dé dap mg cho cac
yéu cau goi, 1am cho GoS trong cic BS niy vuot qua cac gia tri danh dinh nhu di néu
trong Chuong 1. Nguoc lai, BS lanh 1a cac BS ¢6 du cac TCH. Trong Hinh 2.1, gia
sir cac BS C1 va C2 la cac BS nong, va C3 la BS lanh. SCRS cho phép chuyén cac
kénh ranh tir BS lanh sang cac BS nong dé phuc vu cudc goi méi nhu sau day.

e SCRS truc tiép: Gia st UE2.1 trong BS C2 thiét lap mdt cude goi moi va cudc
goi ndy c¢6 nguy co bi chin (blocked) vi tat ca cac TCH trong C2 déu dang bi
chiém. Do UE2.1 ding trong ving phti séng ctia R1 va C3 12 BS lanh nén cudc
goi ctia UE2.1 duoc két ndi thong qua R1 t6i C3 nhu sau: C3 > R1 > UE2.1.

e SCRS gian tiép: Gia sir UE2.2 ciing yéu cau TCH dé thiét 1ap cudc goi méi
nhung MU nay khong dimg trong ving phuc vu ciia bat ky RS nio giita cac
BS. Trong Hinh 2.1, gia sit UE2.3 dang chiém kénh ctia C2 va dimg trong
ving phu song ciia R3. Lic nay, cudc goi ctia UE2.3 s& dugc chuyén tiép sang
C3 nhu sau: C3 > R3 2 UE2.3. Sau khi chuyén tiép, TCH cua C2 dang bj
chiém béi UE2.3 s& duoc chuyén sang cho UE2.2. Trong trudng hop nay,
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SCRS thuc hién viéc chuyén tiép dé dap g cho cudc goi ciia UE2.2 mdt cach

gian tiép thong qua UE2.3.

Nhur trén cé thé thiy, k§ thuit chuyén tiép tinh SCRS khéong thue sy hiéu
qua. Ky thuit chuyén tiép HCRS c6 nhiéu wu diém hon diic biét trong diéu kién
ving lru lwgng rit cao, do vay luin an sé chi tip trung chii yéu vao nghién ciru
ky thuat HCRS.

2.1.3 Chuyén tiép kénh chuyén giao HCRS

HCRS 14 k¥ thuat chuyén tiép dé phuc vu cac cudc goi HO. Nhu di gia sir &
muc 2.1.1, cac tram géc C1 va C2 trong Hinh 2.1 1a cac BS nong, va C3 1a BS lanh.
Céc truong hop chuyén giao trong mé hinh nay duoc mé ta nhu sau:

1) Chuyén giao téi BS lanh (HO t6i C3): do C3 1a BS lanh nén tram gdc ndy van
con du cac kénh TCH chua ding dén, vi vay cudc goi chuyén giao nay hoan
toan dugc phuc vu ma khong can phai str dung HCRS.

2) Chuyén giao t6i BS nong: vi du nhu tir C3 sang C2 (HO tir cell lanh sang cell
néng) hay tir C1 sang C2 (giita 2 cell nong). Trong truong hop HO dén BS
nong, néu khong c6 cac RS va ki thuat chuyén tiép kénh CRS thi cudc goi HO
s& bi that bai do BS nay khong con kénh TCH ranh. Gia st UE1 dang thuc
hién cudc goi trong BS C1 va di chuyén theo huéng sang BS C2 nhu trong
Hinh 2.1. Cudc goi HO cua UE1 duoc phuc vu thong qua cac RS mét cach
tryc tiép va gian tiép nhu sau:

i.  Trong cac hé thdng khong st dung chuyén tiép, khi UE1 vuot qua bién gidi
ctia BS C1 thi s& xay ra chuyén giao giita C1 va C2 dé duy tri cudc goi cho
UEL. Tuy nhién, do ton tai tram chuyén tiép R2 giira 2 BS nay nén UEI s&
chua yéu cau thyc hién HO ngay ma dugc tiép tuc phuc vu boi C1 thong
qua két ndi v6i R2 nhu sau: C1 = R2 - UEL. Trong trudng hop nay,
HCRS d4 gitip giam cac yéu cau chuyén giao trong hé théng bang viéc duy
tri TCH va mé rong ving phuc vu ciia C1 théng qua R2. Hon nita, néu

UE1 két thiic cudc goi trong R2 thi coi nhu di khéng c6 mot yéu cau cp
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kénh HO nao duoc giri dén hé théng théng qua C2, tac 1a ti 16 cac cude goi
HO trong hé thong di duogc giam di.

ii. Khi UE1 van tiép tuc dam thoai va di chuyén ra khoi R2 va tién vao ving
phuc vu chinh thirc cua C2 thi MU nay khong con nhan duoc su ho tro tir
C1 va R2. Khi d6, UEI s& giai phong TCH vé cho C1 va gt yéu cdu cip
mot TCH méi dén C2. Do C2 1a BS néng nén cudc goi cua UEL ¢6 nguy
co bi 6t Vi tit ca cac TCH trong C2 déu dang bi chiém. Luc nay C2 can
phai tim kiém mot MU ma n6 dang phuc vy, va ding trong ving phi song
cua mot trong sb cac RS gitta C2 va C1 dé thuc hién viéc chuyén tiép kénh
dé phuc vu UE1. Gia st UE2.4 ciia C2 dang chiém TCH cuia C2 va dung
trong ving phu séng ctia R1 nhu trong Hinh 2.1. Viéc chuyén tiép kénh
dugc thyc hién nhu sau: UE2.4 chuyén qua dung TCH (méi dugc giai
phong boi UE1) ctia C1 thong qua R1 (C1 - R1 &> UE2.4), kénh TCH
do UE2.4 giai phong trong C2 s& duoc chuyén sang phuc vu UEL (C2 >
UEL). Nhu vay, trong truong hop nay HCRS da giup duy tri cudc goi HO
cua UEI trong C2, ttrc 1a gidm CDP. Trong truong hop khong c6 mot MU
nao dang chiém kénh TCH cua C2 va dong thoi khdng dimg trong ving
phu song ctia mot trong hai RS nam gitta C1 va C2, cudc goi HO cua UE]
sang C2 sé& bi that bai.

C6 thé thay rang x4c suét thanh cong cua viée duy tri cude goi HO trong trudng
hop 2) ii., & trén tuong duong voi xac sudt c6 moét MU dang chiém TCH cua C2 va
dung trong ving phuc vu ctia cac RS giira C1 va C2. Viéc tinh toan xac suét thanh
cdng cho cac cude goi HO s& dugce phan tich chi tiét hon trong cac ndi dung tiép theo.
2.2 Duy tri két noi véi ky thuat chuyén tiép kénh
2.2.1 Duy tri két néi khi cac tram géc khong du trir kénh dé chuyén giao

C6 thé nhan thay rang nguyén Iy CRS phan tich trong noi dung Muc 2.1.2 &
trén da khai thac t6i da vai trd ctia RS trong viéc chuyén tiép kénh dé cai thién hiéu
niang CDP. CRS khong nhiing cho phép chuyén luu lugng tir BS néng sang BS lanh
nhu trong SCRS dé cai thién CBP, ma con cho phép chuyén luu luong gitra cac BS
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nong nhu trong HCRS dé cai thién CDP. Pay 13 vu diém ndi bat caa CRS khi so sanh
v6i nguyén 1y muon kénh [126], va ICAR trong viée chuyén tiép kénh [49, 55, 125].
Trén co sé ndy, dé danh gia vai trd cua CRS trong viéc cai thién hiéu ning mang,
nghién ctru sinh da thyc hién nghién clru trong diéu kién luu lugong mang co tde do
thiét 1ap cudc goi A rat cao, sao cho chi s GoS cua mang s& rat 16n nhu minh hoa
trong cac tinh toan & cac hinh tir Hinh 1.7 dén Hinh 1.11. Piéu kién luu lugng nay
dan dén cac nhan dinh sau day trong hoat dong ctia mang:

1) Néu khong c6 CRS, dé dat dugc CDP danh dinh thi can phai tinh toan Np du
16m. Nhu da phéan tich trong Muc 1.3 .4, dé tinh duoc Np, can phai tinh Th. Trong
khi d6, Th 13 Ivu luong thir cip phat sinh tir Tn, va duoc tinh thong qua Tn Va
xéac suat chuyén giao Ph. Trong truong hop toc do thiét 1ap cudc goi mdi rat
cao, lam cho Tn rét cao, tirc 1a Th ciing s& cao 1am cho ca CBP va CDP déu cao
va kho c¢6 thé tinh duoc Np thich hop.

2) Trong trudng hop ca CBP va CDP déu rat cao, chon mic uu tién cho CDP.
Tuy nhién, cin cr theo cong thire (1.14), khi luu lugng chuyén giao Th 16n dén
mirc ngay ca khi Nn = Nc ma CDP van rit cao thi bai toan quan 1y va cap phat
tai nguyén vo tuyén gip kho khin theo nhu phan tich 1) & trén.

3) Tir 2 nhan dinh trén, tic gia dé xuat giai phap sir dung toan bo dung lugng cho
cac cudc goi moi (Nn = Nc) dé giam CBP tdi da, va st dung cac tram chuyén
tiép dé bao dam CDP.

Tom lai, dua trén nguyén ly cua CRS, trong truong hop luu lugng tai mot khu
vuc nao d6 trong mang ting cao dot bién, tac gia dé xuat danh toan b dung lugng
cua cac BS trong viung do cho cac cudc goi méi dé dat duogc gia tri CBP tdt nhat. Nhu
vay, cac BS khong du trir mét kénh v tuyén nao cho cac cudc goi HO. Viée duy
tri két ndi dé bao dam CDP sé dwgc thwe hién nho HCRS.

2.2.2 Duy tri két néi trong ving luu lweng cao

Tré lai mo hinh mang gdm 3 tram gdc nhu md ta trong Hinh 2.1. Diéu kién

lwu lugng cao duoc thé hién qua tdc d6 thiét 1ap cude goi A (calls/time_unit) trong

cd 3 tram rat 16n, sao cho tat ca cdc TCH déu bi chiém cho cdc cudc goi moi trudce
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khi xay ra HO trong mang. Ngoai ra, bit ky kénh TCH nao dugc giai phong béi mot
MU trong BS ma khong str dung cho HCRS dé duy tri két néi cho cudc goi HO thi
s& bi chiém ngay boi mot cudc goi méi khac. No1 mét cach khac, cho du tdc do thiét
1ap cudc goi tuan theo phan bd nao (thudng 1a phan bd Poisson) thi gia tri trung binh
ctia phan bd nay ciing rat 16n. Gia thiét nay duoc dung dé mé ta trang thai nghén cuc
bd trong mot ving mang khi sé lwong MU tap trung 16n v6i nhu cau goi cao. Ngoai
ra, thoi gian goi hay thoi gian chiém kénh ciing 1 mot tham s6 1am ting luu luong.
Thoi gian nay phu thudc vao loai hinh cudc goi: cude goi thoai thi thoi gian chiém
kénh trung binh thuong thép hon rat nhiéu so véi cac cudc goi s6 liéu thoi gian thyc.
Tham s6 thoi gian s& duoc thé hién tuong tng trong cac kich ban mé phong. Cac
tham s nay hoan toan c6 thé so sanh duoc véi cac gia trj trong cac nghién ctiru vé luu
lugng trong cac hé thong thong tin di dong thé hé sau [41, 44-45, 136-137].

Véi gia thiét nhu trén, ca 3 tram trong ving mang Hinh 2.1 déu néng nén cac
cudc goi HO trong ving nay 1a chuyén giao gitta cac tram néng. Nhu di phan tich
trong muyc 2.1.3, x4c suat thanh cong ctia cudc goi HO ciia UE1 khi di chuyén tir C1
sang C2 dugc tinh nhu l1a xac suét co it nhat mot MU cua C2 dang thuc hién cudc goi
va nam trong ving phii séng cta 1 trong 2 tram chuyén tiép R1 va R2 nam giira 2 BS
C1 va C2. Do tat ca cac kénh TCH ctia C2 déu dang bi chiém, tic 1a c6 Nc thué bao
dang thuc hién cudc goi trong C2. Nhu vy, x4c suit chuyén giao thanh cong Phs cia

cudc goi HO duoc tinh nhu sau:

1 (RY
2’§7Z' E 5 N¢
R, =P,(IMU —trong - RS) =1-| 1- —=—=~ ﬂ—(—j (2.1)
T

Céc két qua tinh todn Phs v6i cac gia tri Nc khac nhau dugc cho trong Bang

2.1.

Bang 2.1 Xac suit chuyén giao thanh cong khi ap dung HCRS

Nc 5 10 15 20 25 30
Phs (%) 59.81| 8385| 9351| 97.39| 98.95| 99.58
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Céc két qua trong Bang 2.1 di chi ra rang: vé mit 1y thuyét, véi dung luong
Nc = 30 TCH, hé thng di dap tmg dugc chi sé CDP nho hon 0.5% (CDP = 1- Ph).
Két qua nay thyc sy An tuong néu so sanh véi cac két qua trong cac nghién ciru vé
chuyén giao [40-42, 44-45, 136-137]. Hon nita, voi diéu kién tit ca cac TCH déu
duoc st dung dé phuc vu cho cac cudc goi mdi; tire 1a Ny = 0 thi theo cong thirc
(1.14), gia tri CDP =1 néu khong str dung HCRS. Trong truong hop nay, c6 thé ndi
rang HCRS di duy tri duoc két ndi cho cac cude goi HO va bao dam CDP trong diéu
kién luu luong tang cao dot bién trong cac BS ¢ mot ving mang nhét dinh.
2.2.3 Duy tri két noi khi cac tram géc dw trir mét kénh dé chuyén giao

Cac co sO cua viéc thuc hién bai toan du trir kénh la can cir vao tinh wu tién
ctia cac cudc goi chuyén giao: thong thuong, cac hé thong ludn can du trir mot luong
TCH nhat dinh dé dép ung yéu cau chuyén giao. Nhu vay, dung luong cua BS sé
dugc chia thanh 2 phan: mot phan Nec ding chung cho ca 2 loai hinh cudc goi méi va
cudc goi chuyén giao, va mot phan Nr chi danh cho HO nhu trong cong thire (2.2) sau
day [50, 56, 115-118, 122]:

Ncc = (1_ k)NC

2.2
N, =keNg (22)

NC:NCC+NI’7 {

Trong do6, k 1a hé s6 duy trit phu thude vao luu lugng chuyén giao Th dugc tinh

thong qua xac suit chuyén giao cudc goi Pn [50, 56, 115-118].

Can cur vao co so trén, nghién ctru sinh nhan théy réng: Viéc sir dung toan bd
dung lugng dé phuc vu cac cudc goi mdi va str dung ki thuat HCRS dé nang cao xéc
suat thanh cong cho cac cudc goi chuyén giao trong ving nghén cuc bo da dugc ching
minh nhu trong céng thie (2.1) va thé hién trong Bang 2.1. Tuy nhién, nhan thay
trong Bang 2.1, truong hop BS c6 dung luong nho hon 20 TCH, gia tri CDP > 5%
nén co6 thé xem xét giai phéap cai thién.

Dua vao uu diém ctia HCRS, nghién clru sinh dé xuét dy trit mot kénh tai céac

BS vi nhiing ly do sau:
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1. Véi mot kénh du trit, cac BS trong vung nghén tr¢ nén lanh tam thoi. Dung
lugng danh cho HO 1la Nh = 1. Trong truong hop khong sir dung cac tram
chuyén tiép, thay Ny = 1 vao (1.14) ta co:

T /N T T,

i (T k) T2 /OV+THA T, +1

k=0

CDP= (2.3)

Trong cong thic (2.3), khi lwu lwong chuyén giao Th rat 16n, néu khong sir
dung chuyén tiép thi gia tri CDP van xap xi 1.

2. Khi sir dung HCRS, cac cude goi HO dén cac BS déu duoc phuc vu ¢ yéu cau
goi dau tién va sau d6 BS sé trd lai trang thai nong vi tat ca TCH déu dang tam
thoi bi chiém. Cac cude goi HO tiép theo dén cac BS nong sé& van tudn theo
nguyén Iy HCRS véi xac suat thanh cong dugc tinh nhu trong cong thirc (2.1).
Trong trudng hop ndy, xac suat thanh cong trong cac mo hinh mang 7 BS va

19 BS nhu trong Hinh 2.2 dugc tinh nhu sau.

a) 7BS . b) 19 BS
Hinh 2.2 Cac kha néng chuyén giao trong moé hinh 1 kénh dw trir

M6 hinh viing nghén cuc b theo dang phan bd vong, bao gdm vong trung tam
1 BS (vong 0™M), cac vong tiép theo c6 sd BS 1a 6n, vai n 1a s6 thi ty ctia vong. CAc
kha nang chuyén giao co thé co voi s6 vong bang 2 va bang 3 twong duong véi sé BS
tuong tng trong mang 1a 7 BS va 19 BS nhu trong Hinh 2.2 dugc tinh nhu sau [49,
56]:

e Gia sir mo hinh c6 n vong.
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Cac MU 6 trong cac BS cua cac vong tir ther 0™ dén thir (n-1) c¢6 6 kha ning
chuyén giao sang cac BS xung quanh.
Céac MU ¢ trong BS cuia vong thit n'™ dugc chia 1am 2 loai:

a. Néu ¢ trong cac BS nam trén cac dudng thing nét dut nhu minh hoa
trong Hinh 2.2.b) thi ¢6 3 kha nang chuyén giao, bao gom 2 BS ngang
hang trong cung vong, va 1 BS thudc vong bén trong. Vi mdi vong,
¢6 6 BS nam trén cac dudng nét dut.

b. Néu nam trong cac BS con lai ciia vong thi s& ¢ 4 kha ning chuyén
giao sang c4c BS 1an c4n, bao gébm 2 BS ngang hang trong ciing vong,
va 2 BS thudc vong bén trong. Vi modi vong, ¢6 (6n - 6) cac BS nay.

Nhu vay, s6 cac kha nang chuyén giao Nno clia mot viing ¢6 n vong la:
n-1 n
Nio =(1+Z6kj-6+[6~3+(6n—6)~4} =6(Z6k—2nj (2.4)
k=1 k1

n-1
Trong do, (1+ Z6kj 1a tong so BS tir vong thtr 0™ dén vong thi (n-1)™,

k=1

Trong trudng hop 1y tuong: tat ca cac BS déu ludn ¢ trang thai lanh do céc
MU di chuyén qua lai 13n nhau giita cic BS trong qua trinh dam thoai mot
cach 1y twong lam cho khong c6 mot BS nao tré nén noéng va tit ca cac cude
goi HO déu duogc phuc vu. Khi do,

P, (best) =Pr(1) =1 (2.5)
Trong trudng hop xau nhat: sau khi tat ca cac BS déu trd nén nong do kénh du
trir da bi chiém dung ma van c6 cac cudc goi HO di chuyén tdi va yéu cau cp

kénh. Nhu viy, trong tong sé Nuo cac kha ning duoc tinh ¢ (2.4), s& c6
n-1

[1+26kj kha nang c6 Phs duoc tinh theo (2.5), va so kha nang con lai phai
k=1

st dung HCRS v61 Phs dugc tinh theo cong thirc (2.1). Nhu vay, ta cé:
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Pr(1) + P,,(HCRS)
NHO

(1+kzn_l:6kj {SZGk 12n+1} {1 (ZJN} (2.6)
6(%6k—2n}

e Nhu vay, mot cach 1y thuyét, xac sut chuyén giao thanh cong trong trudng
hop cac BS ¢6 dir mot kénh Prs(HCRS-ORC) la:

P, (best) + B, (worst)
2

(l+g6k] {SZGk 12n+1“ (QN} 27)
G(ZGk—ZnJ

2

P, (worst) =

P (HCRS —ORC) =

1+

Céc két qua tinh toan cho thay viéc du trir 1 kénh cai thién dugc CDP & ving

dung lugng BS N¢ < 20 nhu mo ta trong Hinh 2.3.

100 -
96 A
92 A
88 4
84
80 A
76 4

72 4
68 - HCRS_analys.

emmfpn 7BS_HCRS-ORC_analys.

e 19BS_HCRS-ORC_analys.

Prs (%)

64 +
60 f

56 .E T T T T T T "
5 10 15 20 25 30 35 40

Dung lugng tram gdc Nc

Hinh 2.3 Xac suit chuyén giao thanh cong ciia HCRS c6 va khong du trir kénh
Hinh 2.3 cho thdy ring: vé mit Iy thuyét, HCRS-ORC ting kha ning chuyén
giao thanh cong tir gan 60% 1én hon 84% véi Nc = 5, va tir khoang 84% 1én khoang
94% véi Nc = 10 twong ung. Nguoc lai, voi dung lugng BS da 16n (N, > 25), viéc
st dung 1 kénh du trir khong thuc sy hi¢u qua. Tuy nhién, viéc tinh todn va chung

minh cac két qua trong truong hop du trit mot kénh da khang dinh hi¢u qua cia HCRS
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trong viéc bao dam ti 1é thanh cong cho cac cude goi chuyén giao trong cac hé théng
thong tin di dong st dung tram chuyén tiép hoat dong & mién luu lwong cao.
2.3 Két qua md phéng
2.3.1 Md hinh va két qua md phéng véi 3 tram géc khong duw trix kénh

Dé danh gia hiéu qua cia HCRS trong viéc nang cao xac sudt chuyén giao
thanh cong cho cac cude goi s6 liéu thoi gian thyc trong vung nghén cuc bg, tac gia
xay dung mo hinh mang 3 tram goc v6i 3 BS C1, C2, va C3, va 13 RS dugc danh sb
tir R1 dén R13 dugc mo ta nhu trong Hinh 2.4. M6 hinh nay duogc phét trién tir mo
Hinh 2.1 bang viéc gan thém 9 RS dugc danh so tir R5 dén R13. Viéc gan thém céac
RS nay la dé khoanh ving khu vuc xtr 1y véi gia thiét nghén cuc bo chi xay ra trong
ving gdm ca 3 BS déu co luu luong rat cao nhu cac gia thiét & muc 2.2.2. Ngoai ving
nay, cac BS hoat dong v&i luu lugng binh thuong (ving xanh: Green Zone). Véi viéc
khoanh vung nhu vay, hoan toan cé thé gia s réng cac cudc goi HO tur cac BS Cl1,
C2, va C3 ra vung xanh déu duoc phuc vu. Mét cach ngén gon, HCRS duoc ap dung
trong vung 3 BS trong Hinh 2.4.

Hinh 2.4 M6 hinh mé phéng viing mang 3 BS sir dung HCRS [J.04]
Céc tham sb mo phong dugc thé hién trong Bang 2.2, trong d6 thoi gian dam

thoai cho mot cudc goi s6 liéu thoi gian thyc dugc mo phong 1én té1 30 phut trong
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diéu kién MU di chuyén véi toc d6 ctua ngudi di bo 1m/s (trong duong 3.6km/h) hoic
v6i toc d thap 5m/s (trung binh 18km/h) trong viing nghén.

Bang 2.2 Tham sé6 md phéng HCRS cho céc cudc goi s6 liéu thoi gian thue

Van toc v (m/s) [1, 5]

Thoi gian dam thoai t (phat) | [5, 10, 15, 20, 25, 30]

S6 TCH (Nc) [5, 10, 15, 20, 25, 30]
Bén kinh BS R (m) [300, 400, 500, 600, 700]

Viéc mo phong dugc thuc hién bang phan mém Matlab thong qua viéc xay
dung céc chuong trinh (codes) nhu sau:

1. Xac dinh vi tri toa d0 cua cac tram géc va tram chuyén tiép theo mo6 hinh
mang thé hién trong Hinh 2.4: Vung phu song ctia cac BS va RS duoc coi 1a cac hinh
tron véi tam Cc va Cr dugc gan vao hé thdng theo toa do thong qua cac gid tri cua
ban kinh R nhu trong Phu luc PL1.

2. Khéi tao cac cudc goi va viée chiém kénh luu lugng cac MU: Viéc chiém
kénh luu luong dugc thé hién béng viéc gan tham sb vi tri va tham sb cudc goi cho
tat ca cac MU c6 trong cac BS. Cac MU duoc gan vao cac BS trong hé thong vai cac
vi tri ban dau va céac tham sd cudc goi (téc do di chuyén, huong di chuyén, va thoi
gian chiém kénh) nhu trong Phu luc PL2.

3. Mo ta hoat dong cuia hé thong: Hé thdng dugc mo ta theo cac su kién (Event)
va chuong trinh s€ dung lai khi xét du s6 su kién. Kich ban mo phong duoc xay dung
theo cac su kién thyc té trong hoat dong cua h¢ théng théng tin di dong, tuc 1a gia s
cac MU thiét 1ap cudc goi mdi thanh cong va di chuyén tu do vé6i toe do va hudng
khong d6i trong sudt qua trinh dam thoai. Tuy theo cac tham sd ciia cudc goi ma MU
c6 thé ¢6 céac su kién nhu sau x4y ra:

e MU két thiic cude goi trong BS - su kién két thuc cudc goi: Event =

terminated.
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e MU di chuyén ra khéi BS dang phuc vu theo nguyén Iy HCRS da phén tich &
trén, cudc goi cua MU s¢€ duogc tinh 1a chuyén giao. Céc su kién c6 thé x4y ra
la véi viée chuyén giao cuia MU 1a:

o MU di chuyén vao viing xanh - su kién HO xanh: Event = green-HO.
o Cudc goi HO thanh cong = su kién HO thanh cong: Event = handover-
Success.
o Cudc goi HO that bai © sy kién rét cude goi. Event = dropped.
Chuong trinh hoat dong theo kich ban nhu sau:

o no_sim =10"6; % $6 luong su kién: Event = 1076.

o for run = l:no_sim

o -—-

o %%% xét su kién: 1 MU két thuc cudc goi hodc chuyén giao
* 222 néu k&t thic cudc goi =2 khdi tao cudc goi méi
= %22 néu chuyén giao > thuc hién HCRS

o %%% cadp nhat hé théng

o -—-

O end

Luu lugng trong viing mé phong dugc thiét 1ap nhu sau: Toan b Nc TCH cua
cac BS s& ludn bi chiém bdi cac MU. Néu bat ky mot MU nao giai phong TCH sau
khi két thuc cude goi ma trong mang khong co su kién chuyén giao theo nguyén 1y
HCRS thi s€ c6 mot cude goi méi dugce khoi tao va chiém TCH vira duoc giai phong
ra dé bao dam rang s6 MU hoat dong trong hé thong ludn 14 Number(MU) = N«N,.
trong d6 N 13 s6 BS. Cac MU dugc khoi tao thong qua viée cAp nhat trang thai mang
nhu trong Phu luc PL3.

Dé xac dinh cudc goi cia mét MU trong mdt BS cu thé ¢ chuyén giao hay
khong, can xac dinh gia tri thoi gian ma MU d6 ¢6 thé di chuyén ra ngoai ving phuc
vu cua BS va cac RS két ndi voi BS d6 (crossbound) theo nhu phén tich trong muc
2.1.3. Néu thoi gian dam thoai t cia MU nho hon khoang thoi gian tinh toén
(crosshound), MU s& két thuc cudc goi trong BS. Nguoc lai, MU s& chuyén giao.
Thoi gian ma duong di chuyén ctia MU sé& di chuyén ra ngoai ving phu séng va cat
cac duong tron Cc(BS) va Cr(RS) lién quan (crossbound) dugc tinh toan nhu trong
Phu luc PL4.
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Khi mot su kién xdy ra (két thiic cudc goi hodc chuyén giao), hé théng s& cap
nhat vi tri hién thoi ctia cac MU nhu trong Phu luc PLS.

Khi su kién chuyén giao xay ra, thuat toan HCRS duogc stir dung dé xac dinh
xéc suat chuyén giao thanh cong ctia cudc goi. Xac suat chuyén giao thanh cong dugc
tinh bﬁng X4c suit c6 it nhdt mot MU cua BS muc tiéu dang thuc hién cudc goi va
dung trong ving phu séng cia cac RS lién quan dén 2 BS cua cudc goi chuyén giao
dé thuc hién viée chuyén tiép kénh. Viéc xac dinh kha nang c6 mot MU dung trong
ving phi séng ctia tram chuyén tiép (Relay Station) duwoc cin cir vao vi tri hién thoi
ctia cac MU trong hé théng. Thuat toan HCRS duoc md phong nhu trong PL6.

Luu d6 thuat toan cho chuong trinh mé phong duoc thé hién trong Hinh 2.5.

Thié&t lap tham sé:

- event = 106

- wi tri ban d&u MU

- tham s& cudc goi ML

K&t thic

Hinh 2.5 Luu d6 thuit toan ciia chwong trinh md phéng

Trong Hinh 2.5, khi xac dinh sy kién chuyén giao xay ra, chuwong trinh s&
chuyén sang thyc hién thuat toan HCRS. Noi dung cuia thuat todn nay duogc trinh bay
nhu sau.

e Thuat toan HCRS

Thuat toan HCRS tim co hdi duy tri cudc goi HO cho mdt MU thdong qua
nguyén ly chuyén tiép kénh nhu phan tich trong ndi dung 2) ii. cia Muyc 2.1.3. Khi
su kién HO xay ra, thuat toan HCRS s& x4c dinh T-BS 1a BS ma MU di chuyén t&i
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(dong 2-4). Tiép theo, thuit toan s& xac dinh cac RS, goi 1a RS-HO, lién quan t6i S-
BS va T-BS bang ham “intersect” trong Matlab (dong 6) thong qua ham “bind” 1a
ham xac dinh cac RS lién quan t61 mot BS cu thé. Sau do, cac dong tur 7 dén 12 cua
thudt toan xac dinh xem c6 MU nao cua T-BS dang thuc hién cudc goi va dung trong
ving phu séng cua RS-HO hay khéng, néu cé thi cudc goi HO s& thanh cong
(handover-success), va nguoc lai thi cudc goi sé€ bi rét (dropped).

1: Function HCRS ’
2: FORi=1to N 9% N:s0 BS trong viung mang%

3: IF
(Xes() — XHo)? + (Yes() — YHo)? < R?
THEN
T-BS = BS(i)
4: ENDIF
5: ENDFOR

6: RS-HO = INTERSECT(BIND(S-BS), BIND(T-BS)) % xac dinh cac RS
gitra S-BS va T-BS khi xay ra HO %

7: FOR i = 1to LENGTH(RS-HO)

8: FORj=1toNc % Nc: s6 TCH/MU cua T-BS %

9: IF
(Xrs-Ho() — X})* + (Yrs-Hog) — ¥j)* < (R/2)
THEN
handover-success = handover-success + 1
ELSE
dropped = dropped + 1
10: ENDIF
11: ENDFOR
12: ENDFOR

13: END Function

Sau khi thyc hién thuat toan HCRS, chuong trinh mo phong trong Hinh 2.5 sé
cap nhat trang thai mang va tiép tuc chay cho dén khi xét du sé sy kién dit ra.

Xac suat thanh cong ctia cac cudc goi chuyén giao theo theo kich ban mo
phong duoc thé hién trong cac bang tir Bang 2.3 dén Bang 2.8.
Bang 2.3 Phs (%) véi v=1m/s, Nc =5, va Nc =10

v= | Rm) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | 500 | 600 | 700
1m/s Nc 5 10
t (phut) 5 56.28 ‘ 54.77 ‘ 54.15 ‘ 53.26 ‘ 52.74 | 80.40 ‘ 79.39 ‘ 78.32 ‘ 78.61 ‘ 771.27
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10 | 5889 | 57.75| 5698 | 5599 [ 5558 | 8266 | 8201 | 80.93 | 8077 | 79.87
15 | 6036 | 5947 | 5857 | 57.89 | 5732 | 8367 | 8272 | 82.35 | 8L57 | 8086
20 | 6105 | 6053 | 59.35| 58.69 | 5850 | 8424 | 83.71 | 8321 | 8258 | 8244
25 | 6165 | 6101 | 6034 | 59.62 | 5899 | 8450 | 8401 | 8364 | 8329 | 8283
30 | 6201 | 6134 | 6093 | 60.26 | 60.15| 8526 | 8438 | 8412 | 8348 | 83.05
Bang 2.4 Phs (%) véi v = 1m/s, Nc = 15, va Nc = 2
Rm) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | s00 | 600 | 700
Ne 15 20
5 | 9138 | 90.26 | 9006 | 89.70 | 8957 | 96.26 | 9535 | 9528 | 9520 | 95.13
10 | 9269 | 9218 | 9190 | 91.19 | 9084 | 96.92 | 9654 | 96.20 | 9589 | 96.07
15 | 9337 | 9256 | 9220 | 91.80 | 9186 | 97.36 | 96.68 | 96.30 | 9590 | 96.36
HhO) ) 9350 | 9289 | 9260 | 9205 | 9223 | 9752 | 9732 | 9710 | 9688 | 96.70
25 | 9375 | 9327 | 9320 | 9289 | 9255| 9764 | 97.21 | 96.98 | 9654 | 97.03
30 | 9362 | 9318 | 9298 | 9216 | 91.86| 97.71 | 97.26 | 96.88 | 9650 | 96.20
Bang 2.5 Pns (%) voi v =1m/s, Nc = 25, va Nc = 30
Rem) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | 500 | 600 | 700
Ne 25 30
5 | 9819] 97.86 | 9791 | 97.70 | 97.69 | 99.23 | 99.13 | 99.04 | 9890 | 98.83
10 | 9866 | 9822 | 97.90 | 97.26 | 98.09 | 99.47 | 99.36 | 99.20 | 9927 | 99.18
15 | 9883 | 9780 | 97.63 | 97.20 | 9845 | 9951 | 99.45 | 99.45 | 9932 | 99.32
PN | 9895 | 9872 | 9850 | 98.48 | 9856 | 9956 | 9949 | 9943 | 9943 | 99.39
25 | 9899 | 9876 | 98.72 | 9852 | 98.30 | 9959 | 99.55 | 9951 | 99.47 | 9948
30 | 9901 | 9883 | 9856 | 98.10 | 97.90 | 9961 | 9957 | 9952 | 99.48 | 9947
Bing 2.6 Phs (%) véi v = 5m/s, Nc = 5, va Nc = 10
Rm) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | s00 | 600 | 700
Nc 5 10
5 | 6169 | 6104 | 60.25 | 50.76 | 59.02 | 84.80 | 84.08 | 83.65 | 8330 | 82.68
10 | 6328 | 6258 | 6214 | 6167 | 6125| 8582 | 8528 | 84.90 | 84.75 | 84.28
15 | 6357 | 6320 | 6294 | 6284 | 6250 | 86.06 | 8582 | 8566 | 8541 | 8516
L) [ 6393 | 6360 | 6365 | 6315 | 6308 | 8650 | 8618 | 8589 | 8579 | 8558
25 | 64.27 | 6367 | 63.78 | 6325 | 63.28 | 86.50 | 86.38 | 86.16 | 8589 | 8591
30 | 6429 | 6399 | 6367 | 6357 | 6322 86.36 | 86.48 | 8637 | 86.14 | 8595
Bing 2.7 Phs (%) véi v = 5m/s, Nc = 15, va Nc = 2
R(m) | 300 | 400 | 500 | 600 | 700 | 300 | 400 | s00 | 600 | 700
Ne 15 20
5 | 9382 | 9344 | 9327 | 9302 | 9897 | 97.55 | 97.35 | 9720 | 96.99 | 9692
10 | 9434 | 9418 | 9407 | 9376 | 99.12 | 97.83 | 9767 | 97.61 | 97.45 | 97.44
15 | 9458 | 9451 | 9444 | 9428 | 99.24 | 9453 | 97.85 | 97.83 | 97.67 | 97.62
PN [ 9489 | 9464 | 9447 | 9430 | 99.26 | 98.08 | 97.96 | 97.84 | 9774 | 9775
25 | 9494 | 9472 | 9453 | 94.65 | 99.26 | 98.04 | 9801 | 98.04 | 97.87 | 97.83
30 | 9488 | 9486 | 9483 | 9475 | 99.30 | 98.03 | 9801 | 97.96 | 98.04 | 9791
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Bang 2.8 Phs (%) véi v = 5m/s, Nc = 25, va Nc = 30

v=_ | Rm) | 300 | 400 | 500 | 600 | 700 | 300 | 400 [ 500 | 600 | 700
5m/s Nc 25 30

5 | 9897 | 9885 | 9887 | 98.78 | 98.70 | 99.56 | 9954 | 9954 | 99.53 | 99.43
10 | 9912 | 9912 | 99.01 | 9899 | 9891 | 99.64 | 99.50 | 9959 | 9962 | 99.56
15 | 9924 | 9912 | 99.13 | 99.13 | 99.05| 99.71 | 99.66 | 99.62 | 99.64 | 99.64
20 | 9926 | 9923 | 9917 | 99.14 | 99.08| 99.70 | 99.71 | 99.68 | 99.66 | 99.67
25 | 99.26 | 9925 | 9922 | 99.21 | 99.12| 9970 | 99.71 | 99.69 | 99.69 | 99.63
30 | 99.30 | 9923 | 9923 | 99.20 | 99.16 | 99.70 | 99.68 | 99.71 | 99.69 | 99.68

t (phit)

Quan sét cac két qua trong cac bang tir Bang 2.3 dén Bang 2.8, c¢6 thé nhan
thiy rang cac két qua nay phu hop véi cac tinh toan 1y thuyét nhu mo ta trong Bang
2.1. Pong thoi, mic du tat ca cac kénh vo tuyén trong viing mang cuc bo déu dang bi
chiém cho cac cudc goi tai thoi diém chuyén giao cta cac MU, song ti 1é chuyén giao
thanh cong trong ving mang nay van duogc dap tmg.

Céc két qua CDP dat dugc trong luan 4n & md hinh nay trong so sanh véi cac
nghién ctru vé that bai chuyén giao HOF (Hand Over Fail) trong [40-42, 44-45, 136-
137] cho thay: tan dung hiéu qua hoat dong cua cac tram RS voi k¥ thuat HCRS ¢6
thé cai thién duge CDP, duy tri dugc chat luong két ndi trong diéu kién luu lugng rat
Cao.

Céc két qua ctia md hinh mang 3 BS nhu trén duoc sit dung trong cong trinh
[J.04] cua tac gia.

2.3.2 Md hinh va két qua md phéng véi viing mang nhiéu tram géc

Pé khéo sat toan dién hiéu qua cua HCRS trong viéc bao dam CDP, tac gia
mo rong pham vi md phong cho khu vuc gdm 7 tram gdc nhu trong Hinh 2.6. Mo
hinh Hinh 2.6 duoc xay dung tir 7 BS tir C1 dén C7, va 24 RS tir R1 dén R24 theo
ciu trac vong (ring). Trong d6, BS C1 nam & vong thir O, duoc coi 1a vong trung
tam va 13 hat nhan cta ving ngh&n. Cac BS tir C2 dén C7 nim & vong thir 11 theo
nguyén ly mo ta sy lan rong cua vi¢c nghén mang khi mat do thué bao tap trung tai
mot khu vyuc nhat dinh ting cao trong khoang thoi gian x4y ra mot su kién van hoa-

x4 hoi ndo d6 [49-50, 55-57]. Vi mo hinh 7 tram gdc, tac gia xay dung 2 kich ban
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cho 2 loai hinh cudc goi turong ing: cudc goi thoai va cudc goi so li¢u voi cac tham

s0 va két qua nhu sau.

Hinh 2.6 M6 hinh nghén cuc b trong vung 7 BS va 24 RS
1. Tham s6 va két qua cho cac cudc goi thoai
Céc tham s cho mé hinh cudc goi thoai dugc thé hién trong Bang 2.9, trong
do, cac cudc goi thoai c6 thoi gian chiém kénh trung binh vo1 dugc gia dinh 1a 2 phit,
2.5 phut, va 3 phuat twong tng120s, 150s, va 180s. Cac gia tri van tdc duoc khao sat
1én dén 20m/s voi ban kinh BS 1a R = 1500m. M6 hinh mang dugc mo phong trong
Phu luc PL7.

Bing 2.9 Cac tham s6 md phéng cho cudc goi thoai trong mé hinh 7 BS

Van tbc v |1|5|10|15(20(1|5(10[15[20|1|5|10|15] 20
(m/s)

Thoi gian t (S) 120 150 180
Dung luong Nc =[5, 10, 15, 20, 25, 30]
BS

Thuc hién viéc chay cac chuong trinh twrong ung véi cac kich ban mo phong
trén Matlab, tac gia nhan dugc cac két qua nhu sau.

Hinh 2.7 mb ta xac suat chuyén giao thanh cong khi MU di chuyén véi téc do
Im/s (twong duong 3.6km/h ctia ngudi di bd) va Sm/s tuong duong 18km/s vdi céac
phuong tién di chuyén trung binh trong diéu kién mat d6 thué bao tap trung cao. Véi
mat do tap trung cao nhu vay, cic MU sé& kho c6 thé di chuyén nhanh véi toc do cao.

Mic du x4c sut chuyén giao thanh cong khéng phu thudc nhiéu vao tham sb cudc
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goi, nhung sy phan bd dong (do di chuyén cua cac MU) ciing anh huéng dén két qua

mo phong, dic biét 1a v6i dung luong thap. Co thé thay trén Hinh 2.7 rang khi dung

lwong Nc < 15 TCH, x4c suit thanh cong thyc té (Sim.) thap hon Iy thuyét tinh toan

(Analysis) khoang tir 10% dén 5% hon nita, v6i van toc di chuyén 16n hon, su chénh

1éch gira 1y thuyét va thuc té cling giam di, cu thé 1a: véi Nc = 5, véan tdc di chuyén v

= Im/s thi chénh 1éch khoang 10% nhu trong Hinh 2.7.a), nhung v&i van tdc di

chuyén v = 5m/s thi chénh léch giam xudng chi con hon 5% nhu trong Hinh 2.7.b).

Nhung véi Nc = 30, giita 1y thuyét va thuc té gan nhu nhau va dat gan 100% cho ca

2 téc d6 di chuyén.

100
95
90
85
80
75
70
65
60
55
50

Pps (%)

5

e E[t]=120, Sim.
e E[t]=150s, Sim.
e E[t]=180s, Sim.

Analysis

10 15 20 25 30
Dung luvgng tram goc Nc

a)v=1m/s

e E[t]=120s, Sim.
== E[t]=150s, Sim.
i E[t]=180s, Sim.

Analysis

10 15 20 25 30
Dung lwgng tram goc

b) v=5ml/s

Hinh 2.7 Phs vé6i cac van téc 1m/s va Sm/s

Cac kich ban sau d6 dugc mo rong cho cac van tdc 10m/s, 15m/s, va 20m/s

v6i cac két qua duoc thé hién tuong ung trong Hinh 2.8, Hinh 2.9, va Hinh 2.10.

C6 thé nhan thay rang véi cung mot tham sb di chuyén (téc do va thoi gian

dam thoai), xac suat chuyén giao thanh cong Pns phu thudc rat nhiéu vao dung luong

cac BS va phu hop véi phan tich trong cong thue (2.1).

100
95 &
90
85 R=1500m, E[t] =120s o —0
X 80 o —tm [] :
. 75 Q===
o 20 @== Nc = 5 @==Nc=10  ==@==Nc=15
65
6o NC=20  em@umm=Nc=25 e Nc =30
= ]
55 ~ o—
50 @=—= , , . ,
1 5 i 10 15 20
Van toc di chuyén (m/s)

Hinh 2.8 Phs véi thoi gian dam thoai trung binh 120s
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100 Pﬁ e —_— —tr —
95 | o —e
90 M
85 1 R = 1500m, E[t] = 150s —®
T 80 = -
2 75 Q/‘-—:chs @ NC =10 e NC = 15
o’
70 -
85 1 NC=20  em@umNC=25 e Nc =30
60 -
55 - o =0 : ¢
50 Qe . . . \
1 5 10 15 20
Van t6c di chuyén (m/s)

Hinh 2.9 Phs véi thoi gian dam thoai trung binh 150s

75 Q= em@umNc=5  em@uoNc=10 o=@ Nc=15

Phs (%)

Nc=20 e=@um=Nc=25 === Nc =30

I > °

55
50 M’

1

15 20

5 ) .10
Van téc di chuyén (m/s)

Hinh 2.10 Prs véi thoi gian dam thoai trung binh 180s

Trong céc hinh tir Hinh 2.8 dén Hinh 2.10, kha nang thanh cong cta cac cudc
goi HO chi hon 50% vé&i Nc = 5, nhung sau d6 c6 thé dat ti gan 100% véi Nc = 30.
Nhu vay, c6 thé thiy rang HCRS dic biét thich hop vai diéu kién mang c6 luu lugng
cao dén rat cao. Nguoc lai, véi cing mot dung lugng, xac suat chuyén giao thanh
cdng chi thay doi rat nho (dudi 10% trong cac trudng hop dung luong thap voi Ne
=5, Nc =10, Nc =15) hodc gan nhu khong ddi vai Nc =30 trong céc van toc di chuyén
khéac nhau cia MU.
2. Tham s6 va két qua cho cac cudc goi so liéu thai gian thuc

Tuong ty nhu cac cudc goi s6 liéu thoi gian thyc trong mo hinh cia Muc 2.3.1,

c4c tham s mo phong trong mé hinh nay duoc thé hién trong Bang 2.10.

Bang 2.10 Cac tham s6 mé phéng cho cudc goi s6 liéu thoi gian thue

Van tbc v (m/s) 5 10 | 15 | 20
Ban kinh BS (m) 400 | 500 | 600 | 700
Thoi gian chiém kénh (phut) [5, 10, 15, 20, 25, 30]
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S6 TCH (Nc) [5, 10, 15, 20, 25, 30]
65 87
e D e
86
63
X 62 T8
o 6l / Nc=5 0_2 84
60 & o/ Nc=10
59 83
58 82
5 10 15 20 25 30 5 10 15 20 25 30
Thai gian cudc goi t (phut) Thai gian cudc goi t (phut)
—®— R=400m,V=5m/s —#— R=500, V=10m/s —@— R=400m,V=5m/s —m— R=500, V=10m/s
R=600m, V=15m/s R=700m, V=20m/s R=600m, V=15m/s R=700m, V=20m/s
Hinh 2.11 Xac suat chuyén giao thanh cong Pns (%) véi Nc =5 va Nc = 10
96 98.5
95 , T —
. . 4 T orm—s v .
= — o X //;“//0"‘"
594 [ ./ =
D_ £=
/ Nc=15 o5 |
93 / Nc=20
92 97
5 10 15 20 25 30 5 10 15 20 25 30
Thoi gian cudc goi t (phut) Thoi gian cudc goi t (phat)
—®— R=400m,V=5m/s ~—#— R=500, V=10m/s ~—&— R=400m,V=5m/s —— R=500, V=10m/s
R=600m, V=15m/s R=700m, V=20m/s R=600m, V=15m/s R=700m, V=20m/s
Hinh 2.12 Xac suat chuyén giao thanh cong Pns (%) véi Nc = 15 va Nc = 20
99.4 99.8
T B e s
P
B = , ® 99.7 e L.
= T _— g —
=] =
o V % 506 | -/
98.9 v Ne=25 / Nc=30
98.8 99.5
5 10 15 20 25 30 5 10 15 20 25 30
Thoi gian cudc goi t (phut) Thai gian cudc goi t (phat)
—@— R=400m,V=5m/s —#— R=500, V=10m/s ~—@— R=400m,V=5m/s ~—— R=500, V=10m/s
R=600m, V=15m/s R=700m, V=20m/s R=600m, V=15m/s R=700m, V=20m/s

Hinh 2.13 Xac suit chuyén giao thanh cong Phs (%) véi Nc = 25 va Nc = 30
Cac két qua mo phong di trinh bay & trén cho cac cudc goi thoi gian thuc trong
diéu kién ving mang c6 nhiéu tram gdc va ving luu lugng rat cao. Céac két qua dat

duoc cua luan an da khéng dinh dugc giai phap tan dung hiéu qua hoat dong ctia cac
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tram chuyén tiép RS sir dung ky thuat HCRS trong so sanh véi cac nghién ctru vé

chuyén giao va chuyén tiép trong cac hé thong thong tin di dong thé hé sau cta cac

nghién ctru trude d6 [40-42, 44, 119, 136-137]. Két qua mo phong ciing di duoc cong

bb trong cac cong trinh J.02, J.03 va J.04 ctia nghién ciru sinh.

2.3.3 Két qua md phéng véi cac tram géc du trir mot kénh

bicu kién mé phong vung luu lugng rat cao c¢é thé dugc thir nghiém véi mo

hinh cac tram goc c¢6 dy trit it nhat mot kénh. Tham s6 moé phdng cho cac cudc goi

thoai dugc thé hién trong Bang 2.11.

Bang 2.11 Céc tham s6 mé phéng cho mé hinh véi cac tram gbc du trir 1 kénh

Van toc v (m/s)

[15, 25]

Ban kinh BS (m)

1500

Thoi gian chiém kénh (S)

[120, 150, 180]

S6 TCH (Nc)

[10, 15, 20, 25, 30, 35, 40]

Cac két qua m6 phong duogc thé hién trong Hinh 2.14. C6 thé nhan thiy rang

viéc dir try mot kénh d cai thién mot cach dang ké céc gia tri CDP & cac gia tri dung

luong thap trong céc BS.

100 W—.——.
99.9

/_
99.8
007 A%jy v=15m/s

,399.6 ///

S /// —e—CRS/E[]=120s | |
2% /// —8—CRS/E[]=150s | |
@ 99.4 .
¢
99.3 // —&—CRS/E[t]=180s | |
3 ¥ /
99.2

99.1

99

10 15 20 25 30 35
Nc

40

v=25m/s

—eo— E[t] = 120s

—=— E[f] = 150s

—&— E[t] = 180s

10 15

20

25 30 35 40
Nc

Hinh 2.14 Xac suit chuyén giao thanh cong HCRS-ORC 19 BS

Céc két qua tinh toan chi tiét cho HCRS-ORC trong phan nay dugc sir dung

trong cong trinh [J.02] cua tac gia.
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2.3.4 X&c suit chuyén giao cudc goi

Xéc suat chuyén giao cudc goi Ph ma nghién ctru sinh ap dung 13 wéc luong
diém dén D (Destination estimation) dé xem xét kha ning chuyén giao cudc goi cua
MU. Gia sir rang MU phan b ngiu nhién trong BS va khoi tao cudc goi véi cac tham
s6 lién quan nhu da dé cap ¢ trén, khi d6 cudc goi ciia MU sé& duogc chuyén giao khi
diém dén u6c luong vuot ra khoi ving phu song cua BS ¢6 dang hinh tron véi ban
Kinh R dugc tinh theo cong thirc (41) trong [39], ap dung cho mo hinh sir dung cac

tram chuyén tiép nhu sau:

3\/§ /3\/§+27r
”Ré(HCRS) 2 ——R*+6-~ (Fy) = Riners) =R or ~1,35R (2.8)

Khi MU dugc udce lugng vuot ra khoi BS, tirc 1a OD > R, (trong Hinh 1.6), va

Ph s€ dugc tinh nhu sau:

P(OD>R,)= (sz 2d (vet) COS  + (Vo) >ad) (2.9)

Do céc tham s6 lién quan dén cudc goi caia MU (d,v,t,a) déu c6 phan bd ngiu
nhién, nén viéc tinh Pp s& dugc thuc hién theo phuong phap tinh xac suét kinh dién
v6i s6 mau da 16n (108 mau) véi viée st dung cac ham phan bd ngau nhién (rand(.))
trong Matlab. Viéc udc luong diém dén khi danh gia diém dén D ciia MU so véi diém
dit BS ¢6 dinh thong qua quing duong di chuyén dé biét duge MU di vuot ra khoi
ranh gi6i clia BS hay chua (OD >R, v6i O 1a diém dit BS) ¢6 uu diém 1a khao sat
duogc toan bo cac phan bd ngiu nhién cia cac tham sd cude goi nhung don gian hoa
duoc vi¢e tinh toan. Chuong trinh tinh toan Ph dugc mo ta nhu trong Phu luc PLS.
Cong thic (2.9) ciing 14 co sé dé tinh toan vé chuyén giao trong cac nghién ctru [40-
42,44, 119, 137].

Céc két qua tinh toan 1y thuyét theo PL8 dé so sanh cac gia tri Pn khi khong sir
dung chuyén tiép va cé sir dung chuyén tiép dugc thé hién trong Hinh 2.15. C6 thé
thiy rang viéc sir dung cac RS va nguyén Iy HCRS di lam giam cac yéu cau chuyén
giao 1én hé thong mot cach dang ké so vai cung hoat dong chuyén giao truyén thong.

Cu thé 1a v&i van toc di chuyén 1m/s, xac suit chuyén giao trong BS HCRS gan nhu
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bang 0; con v6i van tdc di chuyén 20m/s, HCRS gitip giam khoang 20% yéu cau cip
kénh chuyén giao trong hé théng. Viéc giam xac suat chuyén giao trong duong véi
viéc hé thdng phai xir 1y sb lwong yéu cau HO it hon, tirc 1a giam tinh phuc tap va

tang do tin cdy trong hoat dong cia hé thong.

50 T e @== E[t] = 1205, no-HCRS - - A
45 £ e @e=" E[t] = 1505, no-HCRS = >
40 + - e Aess E[t]=180s, no-HCRS - - -0
- _F -
35 £ e E[t] = 1205, HCRS - "_ B
30 £ = E[t] = 1505, HCRS - _ -
s E[t] = 1805, HCR$, -

15 20

5 .10
Van t6c di chuyén (m/s)

Hinh 2.15 X4c suét chuyén giao Ph véi R = 1500m, ¢6 va khdng c6 HCRS

Hinh 2.16 so sanh céc két qua tinh todn x4c suat chuyén giao gitra 1y thuyét va
mo phong cua ki thuat HCRS. Nhan thay rang khi tbc do di chuyén 1a 1mv/s, két qua
mo phong cao hon phan tich 1y thuyét khoang gan 5%; nhung sau d6 do chénh léch
giita mo phéong va 1y thuyét ting 1én 10% vdi cac téc do 16n hon Sm/s ciia MU. Sai
s0 ndy la do viéc gia dinh MU di chuyén trong hinh tron ban kinh Raers) =1, 35R cua
BS trong cong thirc (2.8), trong khi d6 véi mé hinh thuc té thi MU chiém gitt TCH
trong mot BS m& rong thong qua cac RS nhu phan tich trong mo6 hinh mang trong

Hinh 2.6.

= @®== E[t]=120s, Analys.

F == ®== E[t]=150s, Analys.
| == Oe= E[t]=180s, Analys.
| ===@==E[t]=120s, Sim.

T j5 £ === E[t]=150s, Sim.
= ety E[]=1805, Sim. ~ - - )
a 20 A - > -

15 - . o _ >0

10 A o -

.’
5 -
0 - 0 = ‘
1 5 10 15 20

Van téc di chuyén (m/s)

Hinh 2.16 So sanh ti 1¢ chuyén giao Py, giira 1y thuyét va mé phéng véi R = 1500m
Bang 2.12 va Bang 2.13 thé hién cac két qua mo phong nhan dugc vé xac suat

chuyén giao cudc goi Ph cia MU theo nguyén Iy HCRS trong khu virc méd phong cia
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mo hinh mang trong Hinh 2.4. Cac két qua phén tich va md phong nay duoc sir dung
mot phan trong cong trinh [J.03] cua tac gid. Ngoai ra, cac két qua ndy ciing s& dugc
st dung trong cac cong bd tiép theo cua tac gia trén quan diém tin dyung tai nguyén
tan sb va cai thién HOF trong cac hé thong thong tin di dong thé hé sau sir dung k¥

thuat chuyén tiép.

Bang 2.10 Xac suit chuyén giao cude goi Ph (%) véi v = [1m/s, 5m/s]

v=1m/s v =5m/s

t(s) 120 150 180 120 150 180

Nc=5 4.16 4.39 4.65 9.95 12.33 14.74
Nc=10 4.17 4.41 4.65 10.10 12.52 14.86
Nc=15 4.18 4.41 4.66 10.15 12.71 14.98
Nc=20 419 4.42 4.66 10.24 12.86 15.11
Nc=25 4.20 4.43 4.68 10.30 12.96 15.24
Nc=30 421 4.44 4.68 10.46 13.14 15.35

Bang 2.11 Xac suit chuyén giao cudc goi Pn(%) véi v = [10m/s, 15m/s, 20m/s]

v =10m/s v =15m/s v =20m/s

t(s) 120 150 180 120 150 180 120 150 180

Nc=5 19.40 23.81 27.70 27.70 32.87 37.25 34.92 40.01 44.90
Nc=10 19.58 23.92 27.82 27.82 32.98 37.36 34.96 40.12 44.92
Nc=15 19.72 23.98 27.98 2791 33.01 37.51 34.97 40.26 45.00
Nc=20 19.89 24.01 28.11 27.98 33.16 37.72 34.98 40.28 45.01
Nc=25 20.01 24.04 28.24 28.12 33.32 37.94 35.01 40.34 45.10
Nc=30 20.11 24.08 28.35 28.32 3351 38.02 35.05 40.54 45.20

Xéc suit chuyén giao cudc goi sd liéu thoi gian thyc trong mé hinh mang cta
Hinh 2.6 dugc thé hién trong cac hinh tr Hinh 2.17 dén Hinh 2.19. Quan sat cac két
qua trén cac hinh nay, c6 thé nhan thiy rang P chi phu thudc vao cac tham sé cudc
goi nhu vi tri, tbc do va di chuyén, va thoi gian dam thoai cia MU ma khong phu

thudc vao dung luong cua BS. Céc két qua nay ciing pht hop véi phén tich 1y thuyét.
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100 100
80 80
S 60 S 60
o 40 o 40
Nc=5 Nc=10
20 20
0 0
5 10 15 20 25 30 5 10 15 20 25 30
Thoi gian cudc goi t (phut) Thoi gian cudc goi t (phut)
~@— R=400m,V=5m/s —— R=500, V=10m/s ~—@— R=400m,V=5m/s —— R=500, V=10m/s
R=600m, V=15m/s R=700m, V=20m/s R=600m, V=15m/s R=700m, V=20m/s
Hinh 2.17 Xac suat chuyén giao cudc goi Ph (%) véi Nc =5 va Nc =10
g
o
Nc=15 Nc=20
20 20
0 0
5 10 15 20 25 30 5 10 15 20 25 30
Thoi gian cudc goi t (phut) Thai gian cudc goi t (phut)
—®— R=400m,V=5m/s —— R=500, V=10m/s —@— R=400m,V=5m/s —@— R=500, V=10m/s
R=600m, V=15m/s R=700m, V=20m/s R=600m, V=15m/s R=700m, V=20m/s
Hinh 2.18 Xac suat chuyén giao cudc goi Pn (%) véi Nc = 15 va Nc = 20
S
o
Nc=25 Nc=30
20 20
0 0
5 10 15 20 25 30 5 10 15 20 25 30
Thoi gian cudc goi t (phut) Thoi gian cudc goi t (phut)
—@&— R=400m,V=5m/s —#— R=500, V=10m/s —®— R=400m,V=5m/s —®— R=500, V=10m/s
R=600m, V=15m/s R=700m, V=20m/s R=600m, V=15m/s R=700m, V=20m/s

Hinh 2.19 Xac suit chuyén giao cudc goi Ph (%) v6i Nc = 25 va Nc = 30
2.4 Mt s6 nhan xét

Vai tro ctia tram chuyén tiép trong viéc duy tri két ndi cho cac cudc goi chuyén
giao thoi gian thuc trong cac hé thong thong tin di dong trong dicu kién Iuu luong
cao da dugc chimg minh trong ca tinh toan 1y thuyét va mo phong. Piéu kién luu
lugng trong céac tinh toan dugc thé hién trong ludn an 1a tit ca cac két ndi (cac kénh

lru lwong) cua cac tram gde trong mot ving mang nhat dinh déu da bi chiém béi cac
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cudc goi twong dwong véi tde do thiét 1ap cude goi 4 (calls/time_unit) rat 1on. Néu
khong c6 cac tram chuyén tiép RS, cic cudc goi trong ving mang ndy s& c6 CDP =
1. C6 thé nhan thiy rang:

e Xac suit chuyén giao thanh céng duogc tinh thong qua xac suat co it nhat mot
MU dang thuc hién cudc goi trong T-BS va ding trong vung phu song cua
mot trong hai RS dit gitta S-BS va T-BS. Xac suit nay lién quan dén dung
luong Nc ctua BS nhu tinh toan trong cong thie (2.1), nén, khi Nc¢ cang cao,
CDP cang nho. Ca 1y thuyét va mo phong déu thé hién rang khi Nc > 30,
CDP =0.

e HCRS giup giam cac yéu cau chuyén giao va ti 18 chuyén giao cudc goi trong
hé théng bang viéc mé rong ving phil séng ciia cac BS thong qua cac RS nhu
phén tich trong cong thure (2.9).

Céc két qua nghién ctru ciing da thé hién rang:

e Xac suat chuyén giao dugc tinh thong qua cac tham sé cudc goi (vi tri ban dau,
van téc va hudng di chuyén, va thoi gian dam thoai cia MU) mét cach don
gian hon theo nguyén 1y xéc suat kinh dién, nhung van hoan toan phu hop khi
so sanh v&i cac nghién ciru tuong duong [40-42, 44, 119, 133, 137].

e Ban kinh cua BS duogc str dung trong mo phdng c6 vung gia tri rong, tur 1500m
va trong khoang tir 300m dén 700m dé ting kha ning Iya chon khi ap dung
Va0 céc tram gdc cua cac hé thong thuc té. Cac gia tri ban kinh nay ciing c6
thé so sanh dugc voi cac nghién ctru trong [133, 136].

e (Cac md phong ciing dugc thuc hién cho 2 loai hinh cudc goi véi dac diém thoi
gian goi twong tmg: cudc goi thoai véi thoi gian ngdn, va cude goi sb liéu véi
thoi gian két ndi dai (1én dén 30 phut).

C6 thé nhan thiy rang nguyén ly HCRS véi viéc tan dung hiéu qua hoat dong
ctia RS trinh bay trong chuwong niy cé thé ap dung cho cac hé théng di dong trong
thuc té trong viéc bao dam duy tri két ndi cho cac cudc goi HO thoi gian thyc. Tuy
nhién, pham vi nghién ctru cta ludn 4n & phan nay chwa xét dén xac suét thanh cong

ctia HO khi thyc hién chuyén tiép kénh gitra 2 MU c6 d6 rong bang thong két nbi
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khac nhau (do khac nhau vé sé luong cac khdi tai nguyén vo tuyén ma MU yéu cau)
trong hé thong 4G. Pay c6 thé 1a goi y cho cac nghién ciru trong twong lai.
2.5 Két luAn Chuong 2

Noi dung chuong 2 da tap trung vao trinh bay giai phap duy tri két ndi cho cac
cudc goi chuyén giao HO thoi gian thuc trong mot ving mang thong tin di déng c6
lwu lwong rat cao cia HTTTVT sir dung tram chuyén tiép RS. Luan an da dé xuét tan
dung hiéu qua hoat dong cta tram chuyén tiép trong chuyén giao stir dung k¥ thuat
HCRS, d phan tich va tinh toan CDP trong mot s truong hop cu thé dé danh gia
kha ning duy tri két ndi chuyén giao HO cho céc cudc goi thoi gian thuc. Pidu kién
luu luong cao dugc xét véi toe do thiét 1ap cude goi mdi 4 (s cude goi/don vi thoi
gian) rat 16n va cac BS st dung toan bd cac kénh luu luong dugc cip phat dé phuc
vu cho céc yéu cau goi cia MU. Piéu ndy s& 1am cho viéc duy tri két ndi cho cac cudce
goi HO tré nén khé khan, ddn dén CDP = 1. K¥ thuat chuyén tiép duoc st dung dé
cai thién CDP trong diéu kién luu lugng nhu gia thiét trén. Thdng qua viée st dung
cac tram chuyén tiép RS, két ndi cho cac cudc goi HO duoc duy tri véi ti 16 thanh
cdng dugc ning cao rd rét ca trong tinh toan 1y thuyét va mé phong. Cac két qua caa
chuong nay dugc thé hién trong cac cong trinh J.02, J.03, va J.04 va |a dong gop thir
nhét cta luin an.

Dbi v6i HTTTVT da ching, viée duy tri két ndi khong chi phy thude vao ving
mang thong tin di dong ma con phu thudc vao cac tram chuyén tiép ¢ cac ving mang
tiép theo trong md hinh truyén thong da ching. Mot kién truc dién hinh cua ving
mang tiép theo ciia HTTTVT thé hé méi 1a mang IoT véi ha tang 1a mang cam bién
khong day WSN két ndi vao Internet. Chuong 3 tiép theo ctia ludn 4n s& nghién ctru
giai phap duy tri két ni trong ving mang nay. Noi dung nghién ciru tap trung vao
tinh toan x4c suat dirng va xéac suét chin toan ching dé bao dam duy tri két nbi trong
HTTTVT chuyén tiép da ching véi mé hinh kién tric dién hinh ctia viing chuyén tiép
nay la st dung mang WSN MH LEACH.
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CHUONG 3 TINH TOAN XAC SUAT DUNG VA
XAC SUAT CHAN TOAN CHANG PE BAO PAM DUY TRI
KET NOI TRONG HE THONG VO TUYEN CHUYEN TIEP
PA CHANG

Tém tat:

Chirong 3 s€ tdp trung vao viéc tinh todn cdc tham sé hiéu nang phdn dnh kha
nang duy tri két néi cia HTTTVT sir dung ky thudt chuyén tiép, cu thé la xdc sudt
dirng OP va xdc sudt chan IP ciia HTTTVT da ching. Mé hinh WSN MH LEACH
dwoc dua ra nhw la mét trieong hop nghién civu dién hinh trong chwong nay. Khi cac
gid tri OP va IP tang vuwot ngudng, hé thong sé ngimg lam viéc va két néi giita céc
nut sé bi gian dogn. Bén canh viéc dp dung cac ky thudt thu hoach nang luong EH
va hop tdc gdy nhiéu CJ, chwong nay sé tdp trung vdo viéc phan tich cdc vin dé cu
thé nhuwr: @é xudt nUt chii cum phia trude cung cdp nang leong cho nit thanh vién cia
cum lién ké phia sau thong qua kj thudt EH dé tao nhiéu 1én nit E (mé hinh EH CJ
méi); danh gid anh hwéng cia sé nit trong cum va phan cieng khéng hoan hdo ciia
cdc nit 1én cac gid tri OP va IP; tinh todn OP va IP toan ching trong trwong hop sé
chdng tong qudt (16n hon 2 ching) véi cdc mit don dng ten va da dng ten trong cdc
mo hinh (bao gom cd tinh todn lwa chon dng ten va mit gy nhiéu trong mé hinh da
ang ten). Péng gop ciia ludn dn 6 chirong ndy la dwa ra c&c biéu thire tinh toan tuwong
minh cho OP va IP toan chdng trong diéu kién xem xét day di cdc tham sé can thiét
lién quan va ti 1¢ tin hiéu nhiéu ¢ mirc cao. Cdc dong gép ndy dwoc thé hién trong

cac cong trinh C.01 va J.01.
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3.1 M6 hinh va phuong thitc tinh todn OP va IP cho HTTTVT chuyén tiép
da chang
3.1.1 Md hinh HTTTVT chuyén tiép da chiing

Nhu di trinh bay & chuong 1, HTTTVT da ching thé hé méi bao gém ving
mang thong tin di dong va ving mang két ndi da ching IoT sir dung ha tang dién hinh
13 mang cam bién khong day WSN két néi vao Internet.

Theo khuyén nghi cta t6 chitc vién thong qubc té ITU-T, WSN duoc coi la
nén tang ha téng ctia viéc két ndi van vat vao Internet trong IoT [84-88, 100-102,
132]. Céu tric va hoat dong cia WSN dién hinh duoc quan tdm trong nghién ctru ¢6
nhing dic diém co ban sau:

1. Pinh tuyén theo mo hinh phéan cip cum nang luong thich img LEACH dé kéo
dai tudi tho hé théng [86-88].

2. Dé dang ap dung céac k¥ thuat thu hoach ning lwgng EH cho cac nat mang [93,
85-87].

3. Hoat dong theo mé hinh truyén théng da ching MH, trong d6 dit liéu duoc
chuyén tiép gitra cac nat chu cum CH, tir cum dau tién dén cum cudi cung dé
giri vé mang 15i.

Vi ly do trén, dé nghién ctru tiéu chi hiéu ning duy tri két nbi cia HTTTVT
da ching st dung k¥ thuét chuyén tiép, luan an st dung md hinh WSN MH LEACH
nhu mot trudng hop dién hinh cho cac HTTTVT thé hé méi str dung k¥ thuat chuyén
tiép. M6 hinh WSN MH LEACH nhu mé ta trong Hinh 3.1 duoc sir dung cho nghién
ctru danh gia kha ning duy tri két ndi gitra cac nit mang théng qua viéc tinh toan OP
va [P toan chang.

Noi dung muc nay s& trinh bay khai quat mé hinh chuyén tiép da ching véi
WSN MH LEACH véi cic thanh phan co ban cua ving mang chuyén tiép gém: cac
nat cum chu, cac nat tic nhan gay nhiéu lam gian doan két ndi (pha v& tinh duy tri
két néi). Khong lam mét tinh téng quat, luan an dua ra cac gia dinh vé diéu kién hoat
dong ciia ving mang lién quan dén qué trinh chuyén tiép thong tin, phuong thic

chuyén tiép, tac dong gdy nhidu, méi truong truyén véi pha dinh c6 phan bd Rayleigh.
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Céc gia dinh ndy nham muc dich dwa ra phuong thic va cac két qua tinh toan dinh

luong cu thé cho cac gia tri OP va IP. Phuong thire tinh toan OP va IP hoan toan c6

thé duoc thyc hién twong tu v6i cac didu kién bién khac.

AR b i . A E [ — — =Kénh tin higu
== Kenh tin higéu nghe Ién ey e nhiéu hop tac CJ
.
Kénh tin hiéu EH

R i e, l
aé phat CJ
l 1 ——=Kénh dir Iieu\j\_ / ( ARy
To \T_]/ \TMy -

Cum 0 Cum 1 Cum M-1 Cum M

Hinh 3.1 M hinh h¢ théng MH LEACH EH-CJ [C.01]
Trong Hinh 3.1, cac ntt chu cum CH (Cluster Head) cua cac cum dugc ky hiéu

1a To, T1, ..., Tm1, Tm; nat E 13 ndt tac nhan gay gian doan két ndi thong qua viéc

thu thap thong tin trai phép lam ting gia tri IP; dé duy tri két ndi, hé thong chii dong

st dung cac nut thanh vién trong cac cum lam cac nat gay nhiéu (Jammer) duoc ky

hiéu 14 Ju, ... , Jw-1, v nhdm can trd hoat dong cua nat E. Hé thong trong Hinh 3.1

lam viéc theo cac gia dinh sau day:

1.

Nt ngudn To guri thong tin t6i nut dich Tm thong qua céc nut trung gian theo
mo hinh truyén thong da ching MH.

Nt E thu thap thong tin trai phép & tit ca cac ching trong hé thong, tirc 1a nit
E thu trai phép cac tin hiéu duoc phat tir cac CH.

Dé ngin chin hoat dong ctia nit E, cac nat CH can phai hop tac v6i nhau bang
viéc phat cic bd ma ngdu nhién dé giy phan van cho nut E.

Tt ca cac nit trong hé théng déu sir dung mot ang ten don.

Viéc chuyén tiép thong tin tir nat To dén nut Tm théng qua M ching trung
gian theo phuong thirc ban song cong, tuc 1[a To 2> T1 =2 ... 2 Tma 2> Tm Vi
thot gian truyén tr dau cudi dén dau cudi duoce xac dinh 13 T. Nhu vay, dit
liéu s& duoc truyén tir To dén Twm thong qua M khe thoi gian truc giao theo

phuong thirc TDMA vdéi thdi gian truyén duoc sit dung cho mdi khe thoi gian
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la & =%A . Hon nita, hinh thirc chuyén tiép trong mo hinh nay 1 giai mi va
chuyén tiép DF (Decode and Forward).

6. Chang tha m lam vi¢c ¢ khe thoi gian tht m, voi m=12,...,M , 1a chang ma
Tm-1 giri thong tin t6i Tm. Dé béo vé thong tin trude tac dong cua nit E, cac
CH chon ngau nhién mot SN trong cum ciia minh dé lam nat gay nhiéu J
(Jammer). Dong thoi, cac nut J s& thu hoach ning luong tir CH ctia cum lién
trude dé phat céc tin hi¢u nhiéu t&i nat E. Nhu vay, nat gay nhiéu cta cum thir
m 12 Jm. Nhu vay, khoang thoi gian § = -%/I khong chi dugce danh cho viée nut
Tm-1 gui dir liéu t61 Tm ma con danh cho viéc thu hoach nang lugng EH cua
Jm. Nhu vay, khe thoi gian thit m luc nay dugc chia [am 2 phan khe: ar = ad
danh cho RF-EH tir Tm-1 dén Jm va (1—a)z = (1—a)S danh cho viéc truyén dit
liéu tir Tim1 dén T, v6i 0<a <1.

7. Céc kénh vo tuyén trong hé thong c6 pha dinh theo phan bd Rayleigh.

Goi wy,la dd lgi kénh vo tuyén gita nat X va nat Y, véi

(X,Y)elT

w0 Tos Iy E} . Theo gia dinh 7) & trén, céc kénh trong hé thong 14 cac kénh
pha dinh theo phan bd Rayleigh nén ham phéan phéi tich lily CDF (Cumulative
Distribution Function) va ham mat do xac suit PDF (Probability Density Function)
cua yyy la:
F,., (X)=1-exp(-Q,,X) (3.1)
f. (X)=xy exp(—Qnyx) (3.2)
Trong d6: Q14 tham s clia vy va duge tinh bang Q, , =d, [78], véi d,,
1a cu ly tuyén két ndi X-Y, va £ 1a s6 mii (tham sb) suy hao duong truyén.
Theo 1y thuyét RF-RH va gia dinh 6) & trén, nang lugng E ;. ma mét nlt gay
nhiéu J nhan dugc duoc tinh thong qua cong suat phat P cia CH va hiéu suat chuyén
d6i nang luong 7 nhu sau:

E,, =nadPy; (3-3)
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Vi nang lugng nhan dugc tr phuwong trinh (3.3), nUt Jn phat ra mét tin hiéu

nhicu c6 cong suat dugce tinh nhu sau:

E, nadPy;
_ m mivm _ P 3.4
Qm (1_ a)5 (1_ a)é‘ (//Tm—lv‘]m ( )
Trong do, x = o , 0<ac<l.
1-a)

Vi Jm va T 12 c&c N0t trong cting mot cum nén cac At nay “biét nhau”, do d6
Tm s& biét dugc cac tin hi¢u giy nhiéu Qm phét ra tir Jm VA Tm c6 thé triét tiéu nhiéu
nay, nhung nit E thi khong thé. Nhu vay, dung luong kénh tirc thoi gitta Tme1 VA Tm
la:

Pyr, . Ay 1
Cp,=(1-a)dlog,|l1+ ——" — |=(1-a)dlog, |1+ ——"tr— (35)
> ( ) 2( Té P'//Tm_l,Tm + NOJ ( ) 2( [2) Vi .1, +1

Véi A=P/N,, N,la nhiéu tring Gauss cong tinh AWGN (Additicve White
Gauss Noise), 72 1a tong murc (nhiéu) 4nh hudng cua phan cing khong hoan hao khi
truyén tit Tm-1 Sang Tm.

Tuong tuy nhu vay, dung lugng kénh gitra nat Tm-1 va nUt E dugc tinh nhu sau:

P
Cem :(1—06)5|0g2 1+— Y1,k
Te Pl//Tmme +le//T,H,E + NO

(3.6)
Ayy

m—l!E
TéAl//TmflvE + ’(Al//Tmflem l//Jm'E +1]

:(1—a)5logz[1+

Véi 2 1a tong mitc (nhidu) anh hudéng cta phan cing khong hoan hao khi
truyén tir Tm-1 sang E.

Theo gia dinh 5) & trén, hinh thirc chuyén tiép trong mé hinh MH LEACH
trong nghién ciru nay 1a DF nén dung lugng kénh truyén tir To dén Twm dugc tinh nhu
Sau:

Ce#= min (Cp,) (3.7)

m=1,2,..,.M
Theo gia dinh 3 & trén, cac CH phat cac bd ma ngau nhién dé gay nghi ngd

cho nut E, do @6, dung lugng kénh ma nit E nhan duoc la:
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C& = max (Ce,) (3.8)

m=12,...M
Nhu vy, xac suit dimg OP va xac sudt chin IP duoc tinh theo dung luong

nguong Ci nhu sau:

OP=Pr(Cg* <C,) (3.9)
IP=Pr(C&>C,) (3.10)

3.1.2 Phwong thirc tinh toan OP va IP toan chang trong WSN MH LEACH
3.1.2.1 Tinh toan OP
Tu (3.7) va (3.9) ta co:

OP = Pr(mirlnzirl]‘M (Com)< Cm)zl—ﬁ(l—opm) (3.11)

m=1
Véi OP, = Pr(CDYm <Cm) la OP tai chang thu m. Thay C,,, ¢ (3.5) vao (3.11) ta
co:

Ayr, ,
OP, =Pr| —=" < 5 |=Pr((1-z2p)A 3.12
R e N RS LR B

Cin

Véi p=20 _1,

Tir cong thire (3.12) c6 thé thiy rang néu 1-72p <0 thi OPn =1 va OP =1, con

néu 1-72p>0thi sir dung cong thirc (3.1) cho ham CDF cua kénh Rayleigh, ta cé:

_ P g exp] L 3.13
OIDm Pr[l//Tml,Tm<(1_z_ép)AJ 1 exp[ (1—TSP)AJ ( ' )

Thay thé OPn trong cong thirc (3.13) vao (3.11), ta co:

M Q
OP:l—Hexp{—M} (3.14)

m=1 (1_ Tép) A
Khi gi4 tri SNR du 16n (cong sudt tin hiéu du 16n so véi cong suat nhidu), tic

la A — +o0, lc ndy, gia tri OPm theo (3.13) ¢ thé dugc tinh gan dung nhu sau:

Q. 1+ p
~ T T 7 3.15
Opm (1—rép)A ( )

Khi d6, gia trj OP tir To dén Twm duoc tinh gan ding nhu sau:
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op~Yop, =3 Pmunl (3.16)

3.1.2.2 Tinh toan IP

Theo cac cong thire (3.8) va (3.10), x4c sudt chin IP duoc tinh nhu sau:

IP:Pr( maxM(CE,m)ZCth)zl—lM[Pr(CEym <Cy) (3.17)

me12...
Giatri Pr(CE’rn < Cm) trong cong thic (3.17) dugc tinh thong qua cong thirc (3.6)
nhu sau:
Pr(Cepn <Cy ) =Pr((1-2p) Ay e <kPAWy 0 e+ p) (3.18)
Nhin vao cong thirc (3.18) ta thiy néu 1-72p <0, thi Pr(CE'm < Cth):lvé IP=1.
Nguoc lai, ta cé:

Pr(CE,m <Cy, ) = Pr(‘//Tm,l,E <O +oWr 5V E )

- e (3.19)
- IO F‘/’Tm—LE (a)l + 602 yZ ) fWTm,l,Jm ( y) f'//Jm,E (Z)dydz

Trong do:

P Kp
- @, = 3.20
“ (1—Tép)A “ 1-tip ( )

Thay cac ham CDF va PDF cua kénh Rayleigh tir (3.1) va (3.2) vao (3.19), ta
co:
Pr(Cep <Cy)=1-6,exp(0, —Q; . )E (6,) (3.21)
Trong d6 E,(.)1a ham tich phan ma [113-114], va:

Q ,Q
g =_Tnidn " E (3.22)

" QTm,l,EU‘)z
Thay (3.21) vao (3.17), ta c0 gia tri tuong minh cua IP la:
M
IP=1-]][1-6,exp(6, - Oy )E(6,)] (3.23)
m=1

Qua trinh tinh toan chi tiét cho cong thue (3.23) dugc thuc hién trong Phy luc
PL9.1.
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Str dung viéc tinh gan dung cho dung luong kénh tic thoi tai nit E trong cong
thirc (3.6) & vung SNR 16n (A 16n), ta co:

A
Ce. =(1-a)blog,| 1+ — Ve
TEAI//T,TH,E + KA'//Tm,l,Jm‘//Jm,E +1
A
~(1-a)5log, | 1+ Vs (3.24)
TEA‘//TM,E + KAWTM,Jml//Jm,E
=(1-a)dlog,| 1+— Vi
TeWr e tKYL 3 Vi e

Tuong ty nhu vi¢c tinh toan (3.21), chung ta cé thé tinh gén ding cho
Pr(CE’m < Cm) bang viéc sir dung (3.24). Khi d6 ta c6 gia tri tiém can (Asymptotic) cta

IP la:
IP zl—lM[[l—Hm exp(6,)E,(6,)] (3.25)

C6 thé thay tir cac cong thuce (3.21), (3.22), (3.24), va (3.25) rang tai ving
SNR cao, gia tri IP khong phu thudc vaoa .
3.1.3 Két qua md phéng cia WSN MH LEACH

Str dung mo phong bang Matlab theo phuong phap Monte-Carlo dé kiém
nghiém céc tinh toan & trén. Cac tham s6 cho méi trudng mé phong duoc gan cac gia
tri nhu sau: hé s6 suy hao dudng truyén =3, dung lugng ngudng Cwn =1, hiéu suét
chuyén d6i nang luong 7 =1, va tong thoi gian truyén tir dau téi cudi T =1. Ngoai
ra, cac SN trong cum thr m ¢6 cung toa do (m/M, 0), va nut E c6 toa do (xg, Ye). Cac
két qua md phong duge thé hién trong cac hinh, tir Hinh 3.2 dén Hinh 3.5.

Hinh 3.2 mé ta quan hé giita OP va IP v&iA voi cac s6 chang khac nhau, nit
E c6 toa do (0.5, 0.3), hiang s6 thoi gian cho EH laar =0.25, gia st cac ndt 1am viée
& ché do hoan hao, tirc 1a khong c6 161 phan ctng nén 2 =2 =0. C6 thé nhan thiy
trén Hinh 3.2 rang khi A ting 1én, cac gia tri OP giam di, con cac gia tri IP ting & cac
ving c6 SNR thap rdi sau d6 dat tdi mot hang sd va khong ting nita & ving c6 SNR
cao. Dong thoi, ciing co thé thay trén Hinh 3.2 rang khi sé ching tang 1én, cac gid tri

OP va IP déu giam di. Hon nira, Hinh 3.2 ciing chi ra rang cAc gié tri tinh toan (Exact.)
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phu hop hoan toan vai céac gia tri mé phong (Sim.), va cling nhanh chong hoéi tu véi
gia tri tiém can (Asym.) & vung SNR cao nhu trong phan tich ¢ cac muc 3.1.2.1 va

3.1.2.2.

P

“®.
5, 2
k. SV
e, e
L

e A AW TN M M

D

I e
= % OP-Sim (M=2) u.%‘:\

. IP - Sim (M=2) %\'\,\
10 OP - Sim (M=3) e
IP-SimM=3) [
OP - Sim (M=4)
IP - Sim (M=4)
OP - Exact
IP - Exact
10 OP - Asym
IP - Asym

IP vs OP

4dvEeo

5 er 1:5 20 25
A (dB)

Hinh 3.2 Méi quan hé giira OP va IP véi SNR

0.7
0.6
@ @ e O—e@! o
~e
0.5
® si -
04 Sim (M=2)
H  Sim (M=3)
o v Sim (M=4)
03 4 Sim (M=5)
Exact
0.2
Ll L B R i
=
0.1
= v o
O S PO SN SR PO BRI Y
10° 10° 10" 10°
OoP

Hinh 3.3 Méi quan hé giira OP va IP véi s6 ching
Hinh 3.3 mé ta mbi quan hé gitta OP va IP véi ) chiang M nhan cac gié tri 2,
3, 4, va 5 ching, toa d6 ciia E 14 (0.5, 0.25), @ =0.25, 2 =72=0. C4 thé nhan thay
rang cac gia tri tinh toan phl hop hoan toan vai cac gia tri moé phong. Ngoai ra, véi
cling mat gia tri caa OP, xéc suat chan IP giam khi M tang 1én. Hon nira, khi M = 2,
gia tri cua IP cao hon han so véi khi M nhan cac gia tri con lai (M = 3/4/5). Hinh 3.3
cling cho thay cac gia tri IP s& dat bao hoa (hang s6) khi OP thap (OP < 107?).
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0.16 T
° I
o o oo , ||
0.14 .. 4
® Sim(a =0.1) \
0.12 ®  Sim (o = 0.15)
¥ Sim (o =0.2)
— Exact .\
0.1 A
o . . \
- -
0.08 -
0.06' v =
¥
M i
0.04 ®.
h\/
0.02 -3 -2 -1 0
10 10 oP 10 10

Hinh 3.4 Moi quan hé giira IP va OP khi M=4, véi cac thoi gian EH khac nhau

Hinh 3.4 md ta rd hon mdi quan hé giita OP va IP v&i mic thu hoach ning
lwong EH, trong diéu kién s6 chang cb dinh M =4, xe =0.5, ye =0.3, 3 =r2=0. C4c
gia tri o lién quan dén thoi gian EH duogc thay d6i trong khoang (0.1, 0.15, va 0.2).
Co6 thé thiy rang khi « tang tir 0.1 1én 0.2, x4c suat chan IP dat gia tri tot hon han boi
vi néu thoi gian danh cho EH ting 18n, cac n(t gdy nhiéu J s& nhan dugc nhiéu cong
suat hon va phat tin hiéu nhiéu tSt hon. Tuy nhién, c6 thé thay ro rang rang khi «
tang 1én, thoi gian dung cho viéce truyén dir liéu giam di, 1am cho OP bi anh hudng va

nhan céc gia tri kém hon.

0.26

* T
0.18 B S

IP
o
N
* <
|
Z |
[
Il
T
|
4
J
<
4
4
/7‘
L //l{/'

® sim (3 =xZ=001) \
016F{ ® sim3=x2=002) \
\
) 2 v
v sim (3 = k2 = 0.03)
I— f 2 _ .2 _
0.14 * Sim (g = kg = 0.04) M
Exact
[ [T
0.12 [
10° 107 10" 10°
OoP

Hinh 3.5 M6i quan hé giira OP va IP v6i M=3 va phan cirng khong hoan hao
Hinh 3.5 mo6 ta mdi quan hé gitta OP va IP v6i M =3, xe =0.5, ye =0.3,

a =0.15, khao sat & cac gia tri 72 va 7 khac nhau. Gia sir cac ndt c6 cung mirc do
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khong hoan hdo, tirc 14 75 =7Z. C6 thé thdy khi mirc do khong hoan héo cua thiét b
tang Ién, tirc 12 mirc suy hao phan cting gay ra boi sy khong hoan hao cia thiét b ting
1én s€ tdc dong 1é€n IP cao hon tac dong 1€n OP. Pay la co sé cho viéc giam sat cac
thiét bi dé bao dam hiéu nang lam viéc cua hé théng.

Céc két qua trong ndi dung nay duoc thuc hién trong cong trinh C.01 cua tac
gia.
3.2 M6 hinh va phwong thic tinh toan OP va IP cho mang LEACH MIMO
da chang
3.2.1 M6 hinh mang LEACH MIMO da ching

Hinh 3.6 mé ta hé thbng MH LEACH MIMO sir dung k¥ thuat EH dé gay
nhidu nham chdng lai sy khai thac thong tin trai phép cua nut E. M6 hinh MIMO
trong nghién ctru nay dugc thuc hién bang viéc thay thé cac nit CH (cac Tm trong céac

cum) va n0t E st dung mot ang ten bang cac nit str dung nhiéu dng ten.

Kénh tin hiéu
nghe lén S - - —=Kénh tin higéu

nhiéu hop tac

/Y AN
-

Ké&nh tin
hiéu EH dé
phat CJ

Cum 0 Cum 1 Cum M-1 Cum M

Hinh 3.6 M6 hinh MH LEACH MIMO EH-CJ [J.01]

Do viéc str dung da ang ten tai cac nut chi cum Tm va ndt E, nén bén canh
nhiing gia dinh da dugc mo ta trong Muc 3.1, mé hinh mang trong Hinh 3.6 con &p
dung cac gia dinh sau day:

1. S luong ang ten ciia cac nit CH va nit E twong tng 1a N, , va N_.

2. Céac nut CH su dung cac k¥ thuat lya chon ang ten phat TAS (Transmit
Antenna Selection) va to hop sy Iya chon SC (Selection Combining) cho viéc
truyén dit liéu qua cac ching tir nGt ngudn To téi nGt dich Tm. Ngoai ra, cac
nGt CH ma hoa dit liéu bang cac bd ma ngau nhién, va ap dung k¥ thuat ngu

nhién va chuyén tiép trong qué trinh truyén dé ting do bao mat.
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3. N0t E str dung k¥ thudt SC dé giai ma tin hiéu nhan duoc.

4. S nat cam bién (SN) trong cum thit m 1a K, trong d6 nit gay nhiéu dugc ky
hiéu 1& Jmu, véi me[0,M], ue[0,K,]. Nt Jmu s€ thu hoach nang lugng séng
vo tuyén tir nlt Tm-1 d€ phat tin hiéu gy nhidu cho nit E. Viéc xac dinh Jmy,
s€ duogc thyc hién qua cac thuat toan dugce dé xuét sau day trong qua trinh tinh
toan.

Do viéc str dung da dng ten tai cac nut CH va nit E, nén dé khao sat chi tiét va
da dang hon trong nghién ctru, nghién ctru sinh dé xuat 3 mo hinh thuc hién viéc tinh
todn cac gia tri OP va IP nhu sau:

1. Mo hinh BA-BJ (Best Antenna-Best Jammer): trong m6 hinh nay, mdt ang ten
c6 cong suat phat tét nhat ctia Tm-1 dugc lua chon dé phat tin hiéu cho viée thu
hoach ning lugng tai cac nit gdy nhidu Jmy, va mot nlt gay nhiéu tot nhat Jmp
duoc lya chon trong s6 cac Jmu dé phat tin hiéu nhiéu Ién E.

2. M6 hinh RA-AJ (Random Antenna-All Jammer): mét ang ten ctia Tm-1 dugc
chon ngau nhién dé phat tin hiéu cho viéc thuc hién EH cac nat Jmy, va tat ca
c4c nUt Jmy nay déu phat tin hiéu nhiéu 1én E.

3. M0 hinh AA-AJ (All Antenna-All Jammer): tat ca cac ang ten ctia Tm-1 duoc
lwa chon cho viéc thuc hién EH tai Jm,u, va tit ca cac N0t Jmy ndy déu phat tin
hiéu nhiéu 1én E.

Hon nita, do viéc str dung da ang ten nén cac tham s6 ctia kénh Rayleigh duoc
viét lai nhu sau:

e Do loikénh: v, ., 12 mot bién ngdu nhién RV (Random Variable) ctia ham
s6 mil, 1a d6 loi kénh truyén gitta ang ten thir n; ciia may phat X va ang ten thir
N cua may thu Y, véi (XY)e{T, 3, ,.E},n e[LN,]n e[LN,].

e Ham phan b tich liiy CDF:
(x)=1-exp(-Qy ) (3.26)

Y meyne

e Ham phan bb xac suit PDF:

f, (X)) =Qyy eXp(—Qyy X) (3.27)

fo‘ty”r
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Trong d6: Q,, =1/E {1,//“an } =df,, voi d,, la khoang cach gira X va Y, va gla

s6 mii ciia ham suy hao dudng truyeén.
Ddng thoi, luu ¥ rang do cac nit Tm VA Jmu trong cting mot cum va & khd gan

nhau nén ¢6 the gid st rang Q; . =Q va Q, (=Q; voimoi gia tri cia m va u.

Tn-19m
3.2.2 Lwa chon an ten va nat gay nhiéu
1. M6 hinh BA-BJ

DP6i v6i md hinh nay, CH Tm-1 chon mdt ang ten ¢ cong suét tin hiéu tdt nhat
dé phat tin hiéu cho mot nut gay nhidu c6 mirc EH t6t nhat trong cum thir m theo cong
thire (3.28) nhu sau:

= max ( max (V/Twm )) (3.28)

Tawdmb  r=1,. Ny \u=l,..K,,

Trong d6, a 14 chi sb ciia dng ten dugc chon tai NGt Tm-1, Imp 12 NGt gay nhidu
tdt nhét tai duoc chon tai cum thi m. Cong thuce (3.28) mudn nhan manh réng Tm-1 ¢
ging dé cung cip ning luong dugc thu thap cao nhét cho nit gy nhidu dugc chon.
Ning lugng ma nlt Jmp thu thap duoc trong sudt khoang thoi gian arvéi 0<a <1,

r= %/I duogc tinh nhu sau:

E, , =narPy., (3.29)

—1‘]m,h
Vé6i 7(0<n<1)1a hé s chuyén d6i nang lugng, Pl cong suat phat ciia nt
Tm-1 vGi moi gid tri cia m. Lic ndy, cong suat phat trung binh ma nat Jmp phét ra

trong sudt khoang thoi gian truyén dit liéu dugc tinh nhu sau:
(3.30)

V6i k=nal(l-a).
2. M6 hinh RA-AJ

Trong trudng hop it Tm-1 lya chon mot Ang ten ngiu nhién dé phat tin higu
cho qué trinh EH ctia cac nlt Jmy trong cum thir m, va tit ca cac nit Jmy déu duoc
chon cho viéc hop tac dé gdy nhiéu 1én nit E, thi cong suét phat trung binh ciia Jmy

duoc tinh nhu sau:
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P, =xPy. (3.31)

madmu

Véi ¢ 1a chi sb ciia ang ten duoc chon trong sd N, ang ten tai Nt T, , .
3. M6 hinh AA-AJ

Khi tit ca cic ang ten cua Tm1 dugc sir dung dé cung cap EH cho tat ca cac
nGt J, va moi Jmu déu duogc str dung dé gay nhiéu 1én E thi céng suét trung binh duoc

tinh Ia;
Nr
P, =KP v (3.32)
r=1 '

Can phai luu ¥ rang cac nUt Tm VA Jmyu trong cling mot cum va kha gan nhau
nén chiing c6 thé trao do6i thong tin vé cac tin hiéu nhidu nhan tao AN (Artificial
Noise) dugc phat ra tir cac ndt J, do d6 cac nit Tmhoan toan co thé loai bo céc tin
hiéu AN nay, trong khi nut E thi khong thé vi véi viéc khai thac thong tin trai phép,
nat E chi ludn tap trung vao viéc thu cac tin hiéu tir cac ang ten khac phat téi ma
khong phan biét dugc dau la nat CH va dau la nut J. Hon nira, nhin vao cac cong thirc
(3.30), (3.31), va (3.32) c6 thé thiy riang céc tinh toan trong cac mo hinh RA-AJ va
AA-AJ (mo6 hinh 2 va 3) s€ phirc tap hon so vai tinh toan trong moé hinh BA-BJ (mo
hinh 1) boi vi cac m6 hinh 2 va 3 doi hoi sy dong bo cao gitta CH va cac SN trong
cum dé thuc hién viéc triét tiéu nhidu. Hon nita, mé hinh 3 (AA-AJ) ¢6 thé coi 1a c6
mitc do tinh toan phirc tap nhat vi né danh nhiéu nang lugng va tai nguyén vo tuyén
hon cho chu trinh thu hoach ning lwong khi ma tit ca céc dng ten déu dugc sir dung
cho viéc phat tin hi€u trong chu trinh EH cutia cac nut J.

3.2.3 Lua chon an ten phat va té hop gay nhiéu

Viéc lya chon dng ten phat va td hop cac lva chon TAS/SC tai cac CH duogc

thé hién qua cong thirc sau day [69]:

Wip pa = Max ( max (V/T:J; )) (3.33)

u=l,...,Ny \v=L..,N;
Trong d6 p va q tuong tmg 1 cac chi sb cua cac dng ten phat tai Tm.1 VA dng

ten thu tai Tm. Gia st nhidu kénh truyén hoan toan duoc triét tiéu tai cac CH, luc nay
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dung luong tirc thoi cua kénh vo tuyén trén dudng truyén cua ching tir Tm1 dén Tn
dué6i anh huong ctia phan ctng khong hoan hao duoc tinh nhu sau:

Pl// P Al// P T
CD’m:(1—a)rI092{1+¢]z(1—a)rl09{1+ﬁ} (3.34)

HoPYry 73 + 0 T2
Trong d6 o7 1a phuong sai ctia nhiu tring Gauss cong thém AWGN (Additive
White Gaussian Noise), A=P /o2 1a SNR phét, ) 1a tong gia tri tic dong ctia muc
nhidu gay ra do su khong hoan hao cta thiét bi trong qua trinh truyén tir Tm-1 Sang Tm
v6i moi m. Khi d6, dung luong kénh toan ching (tir dau dén cubi_e2e) dugc tinh nhur
Sau:
Ce*= min (Cp,) (3.35)

=12, M

Trong hoat dong ctia minh, Nt E sir dung k¥ thuat to hop su lya chon SC
(Selection Combining) vi nit nay khong thé xac dinh va phan biét duoc qua trinh EH,
cling nhu vai tro cia CH va J tai cac cum. Do do, do loi kénh vo tuyén tal khe thoi
gian thir m twong tng voi khoang thdi gian ma CH T phét tin hiéu cho Jmy dé thu
hoach ning luong, rdi Jmy hop tac v&i Tm-1 trong qué trinh Tm.1 phat tin hiéu dit liéu
sang cho Tm (ciing trong khe thoi gian nay) dé phat tin hiéu nhiéu 1én ndt E dugc tinh

nhu sau:
:max('/’) (3.36)

Trong d6, r 14 chi sé ang ten thu dugc lua chon tai nit E danh cho viéc thu tréi
phép tin hi¢u tir Tm-1 phat cho T tai khe thoi gian thir m. Dudi anh hudng cia cac tin
hiéu AN phat ra tir Jmu va tap 4m do d6 khong hoan hao caa phan cimg HI (Hardwave
Imperfection), ti s6 tin hiéu trén nhiéu va tap 4m SINR (Signal to Interference plus
Noise Ratio) nhén dugc tai E ¢ khe thoi gian thir m tuy theo timg m6 hinh BA-BJ,
RA-AJ, va AA-AJ duoc tinh nhu sau:

A
BABJ _ Ve
TP LE"

Ay, Ay

—1Jm,b ‘]m,bEr

(3.37)
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oAt = ! (3.38)

(3.39)
'uéAl//Tm‘{lE’ +KAZZV/T‘ J (//J E +1

Lt 7T 3

Trong d6 1 1 tong murc tap 4m HI cia dudng truyén tir Tm-1 Sang nit E, véi
moi m. Cin ¢t vao cac cong thic (3.37), (3.38), va (3.39), c6 thé thdy rang nut E
khong thé lwa chon duoc dng ten thu ¢ kha ning cung cap gia tri SINR 16n nhét vi
nGt nay khong thé biét duge mirc cong suit phat ctia cac nlt Jmyu do cong suit ndy phu
thudc vao qua trinh EH. Pong thoi, tir cac cong thire nay co thé tinh duoc dung luong
kénh tirc thoi tai nUt E ¢ khe thoi gian thir m nhu sau:

cZ, =(1-a)zlog, (1+ 0% & ) (3.40)

V6i Ze{BA-BJLRA-AJLAA-ALL . Nhu vy, dung luong toan ching (tir dau dén
cudi_e2e) ma E thu duge nhu sau:

Co? = max (CZ,) (3.41)

me12....M
Céc gia trj CZ trong (3.35) va CZ** trong (3.41) s& duogc str dung dé tinh toan

EP va IP trong muc tiép theo.

3.2.4 Tinh toan xac suat dirng OP va x&c suat chan IP toan ching trong mé hinh

MH LEACH MIMO

1. Tinh xac suét dirng OP toan ching:

Xéc suit dimg OP toan ching duoc tinh nhu sau:

OP,, =Pr(Ci* <C,)=1- 1M[(1 Pr(Cop <Cy))=1- 1M[1 opr,) (3.42)

m=1
Véi C, 1a dung lugng ngudng, 1a mot gia tri tdc dd danh dinh duoc xac dinh
trudc ma hé thong mudn dat t6i, OPm 12 x4c suat dimg cta ching thir m, va duoc tinh

tr cong thuce (3.34) nhu sau:

OP, = Pr((l— P ) AV 10 < Py, ) (3.43)
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Véi p, =297 _1. C6 thé thiy tir cong thic (3.43) rang néu 1- 13 p, <0thi
OPm =1. Nguoc lai, ta c6 thé tinh OPm thong qua cac gia tri lién quan trong (3.43)

nhu sau:

N2 (3.44)
Q
=|1-exp ——Tm*jm P
(1 ~ Hp P )A
O ving SNR 16n, tirc 14 A — +o0, ta c6 thé tinh gia tri gan ding cia OPp, trong
(3.44) nhu sau:
0 N
OP, & [Tl P (3.45)
(1 ~ Hp P )A
Thay thé OPm trong cong thic (3.44) vao (3.42) s& nhan duoc cong thic tuong

minh cta OPez. Pong thoi, tai ving SNR 16n, gia tri tiém can ctia OPeze dugc tinh

nhu sau:

(3.46)

C6 thé nhan thy rang xac sudt chin toan ching OPez khong phu thudc vao
mo hinh lya chon dng ten phat cia CH va viéc lya chon nlt gy nhiéu Jmy tai cac
cum, boi vi OP chi phu thudc vao dung luong kénh truyén gitra 2 nut CH lién k&, ma
viéc truyén dir liéu giira 2 ndt CH nay duoc thuc hién theo TAS/SC nhu phén tich
trong cac cong thuc (3.33) va (3.34) cua muc 3.2.3 & trén. Nhu vay, OPeze cua ca 3
mo hinh BA-BJ, RA-AJ, va AA-AJ 1a nhu nhau.

2. Tinh x4c suét chin IP toan ching

Nguoc lai voi1 OP, xéc suét chan IP phu thudc vao mo hinh cu thé dugc chon
trong s6 cac md hinh BA-BJ, RA-AJ, va AA-AJ boi vi IP duoc tinh theo muc tin hiéu
SINR tai nat E. Gia tri IP toan chang dugc tinh nhu sau:

m=1

m=1
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Véi IPZ = Pr(cZ, <C,) laxac suat ma nit E khong thé giai ma duoc chinh xéc
dit liéu thu duge & khe thoi gian thir m trong toan ching. Gid tri IPZ nay dwoc tinh
theo 1y thuyét nhu sau:

BZ =Pr(o7, . <) (3.48)

(véi Ze{BA-BJRA-AJAA-A}). Gia tri 1PZ va 1P dugc tinh tiy theo md hinh
lya chon #ng ten va lya chon nit gay nhiéu nhu trong cic ndi dung sau day.

1) M6 hinh BA-BJ
Thay thé ¢?, _ & (3.37) vao (3.48), ta co:

—BA-BJ A v, » Er

IPn  =Pr

2 <pth
HEAY oo THRAY L W ot (3.49)

m.b ‘Jm,bEr

= Pr((l— P ) AV o <KD AV Wt Py )

C6 thé thdy réng néu 1-12p, <0 thi 1Ps =1, do d6, c4c tinh toan tiép theo

chi quan tam t6i trudng hop 1- 1 p,, >0 nhu sau:

—BA-BJ
IPn = Pr(l//TrLE, SO, Yy ot a)z)
e o (3.50)
= .[0 IO FV’TD,IEr (@ Xy +@,)x o . (x)x fv,mme (y)dxdy
Voi:
KPn P
W, = @, = (3.51)
Cl-pipy T (1-4py )A
Ham CDF cua Wio e trONG cong thtrc (3.50) duogc tinh nhu sau:
Ne Ne
F, . x)=1] F .. (x)= (1—exp(—QTmflEx))
m-1 v=1 m-1
N (3.52)
=1+ (-1)°C§. exp( pQ;, Ex)
p=1
Thay (3.52) ham PDF f,  (x)=9; . exp(-Q; .x) vao (3.50), ta co:
—BA-B) S b ~p w0
P =1+ (-1)" CLexp(-pQy o, )x [ f,  (y)dy (3.53)
p=1 0 ‘91,p + y Tn-2'mb
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Vi 6, =0, /(pQ; o).
Tir (3.26), (3.27), va (3.28) cung véi luu ¥ rang cac ndt Tm VA Jmy trong cling
mot cum va khd gan nhau nén Q + =Q; , vaQ, . =0Q  v6imoigia tri cua m va

u (nhu d3 dé cp), c6 thé tinh CDF cua V.., trong cong thuc (3.53) nhu sau:

(3.54)

£ W-TITF. ()-[r-ep(-0p,y)]™

V. a r
Tnamb r—1 u=1 T dmu

=

Khi d6, ham phan b xac suat PDF cua F,  (y) duoc tinh nhu sau:

£, (y)= NTKmQTmfleexp(—QTmiJmy)x[l—exp(—QTmemy)}N o
(3.55)

= (_1)u C";JITKm NTKmQT 1T x eXp(_(u +1)QTm’1Tm y>

—BA-BJ p+u

IPn =1+ (-1)"Cp Cp e aN;K,,
= (3.56)
p 1 Tm—lee )

Lp
Qua trinh tinh toan chi tiét cho cong thirc (3.56) dugc thuc hién trong Phu luc

PL9.2.
Thay thé (3.56) vao (3.47), ta c6:

B Ne NpKp-1
1+Z z p+uC£E NeKo, 4N:K
p=1l u=
M
P =1-T] xexp((U+1)Qyr 1 6, - PQ; ;) (3.57)

e2e
m=1
xQ, . 6,,E ((u +1)Q; 1 6, )

1p

Tai ving c6 SNR cao, ta co:

AWTnLEr A—:roc l//TmpflEr 3 58
A + KA +1 2 + K (3.58)
He WTn?—lEr WTr?\—lJm,b y/Jm,bEr He V/TrﬁaEr WTV?\—lJm,b W‘Jm,bEr

Khi d6, gia tri ciia IP2~® trong cong thic (3.57) dugc tinh gan dung nhu sau:
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Ne NK,-1

p+u u
T (e T L e
m=1

xQr 1 6,,E(u+1)Q; 1 6,,)

2) Mb hinh RA-AJ
Thay thé ¢7, . & (3.38) vao (3.48) véi diu kién 1- 1p, >0, ta co:

— RA_ K
IPE]A ) B Pr(l//TfﬁlEr < a)lzl//m—ﬂm ul//Jm o' " wzj
u=1 ' '
NE
=1+ (-1)"Cf exp(-pQy, o, ) (3.60)
p=1

(y)dxdy

K +00 @400
XHL IO exp(—pQTmEa)lxy) f, (x)xf,

Thay thé cac gia tri cia cac ham phan bd xac suat PDF cua kénh Rayleigh

f,  (X)=Qr¢ exp(—QTmEx) va f,

WmeuEr

(y)=Q; 1 EXP(—QTMTm y) vao (3.60) ta co:

c
Tn-Imu

—RA-AJ Ne p P
IPn =1+ (-1)"C{exp(K,Q; 1 6, - pQ; 0,)
(3.61)
Km
% |:QT""1T'“ 01’ p El (( p + 1)gz-l—mfl-rm 91* p ):|
Thay thé (3.61) vao (3.47), ta co:
Ne
p
PR 1T 2 G OP(Ko 1, G = POy, ) (3.62)

m=1 K,
X |:QTm*1Tm 91’ p El (QTmfle 91' p ):|
O ving SNR cao, ta c6 thé tinh gan dung gia tri IP toan ching ctia mé hinh
RA-AJ nhu sau:

A+ Ne
IPRAN LT lM[{lJrZ(—l)pC,ﬁEeXp(KmQTmleﬁlyp)X[QTmleﬁLpEl(QTmJm@lyp)}Km} (3.63)
m=1 p=1

3) M6 hinh AA-AJ
Thay thé ¢, . & (3.39) vao (3.48) voi diéu kién 1- 42p, >0, ta ¢6 thé tinh

—AA-AJ )
IPn  nhu sau:
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ﬁRA—AJ p Nr K
m =T Yiper < wlZZWT;&Jm,uWJME' + @

t=1 u=1
=1+ (-1)°C¥. exp(— PQ; 0, )
= (3.64)

Kn o0 oo
xl;yo . exp(—pQTm,lEa)lxy) fwjm‘UEr(x)fom(y)dxdy

Ng K 9

=1+ Z(—l)" o exp(— pPQ; o, ) X HIO*“’ . Lp f (y)dy
p=1 u=1 1,p +Yy

Np
Trong do Y, = ZWT;HJM 1a tdng cua céc bién ngau nhién doc lap va cd phan bod
t=1 '

gidng nhau, nén ham phén bd xac suat PDF cua Y, c6 thé duoc tinh nhu sau [130-

131]:

Ny

f, (%)= (NTT—lTl)' yNr exp(—QTMTm y) (3.65)

Thay (3.65) vao (3.64) va doi bién z=6,+vy, ta co:

—AA-A] Ne b o
P =l Z(_l) Cre eXp( K€y, 1,0p ~ pQTm,lEa)z)
p=1
3.66)
K 01, Q'll\",:,le +00 Ny -1 (
o A e M B

|
Ap dung cong thirc khai trién nhi thirc Newton cho (z —Hlyp)NT_l dé tinh tich

phén | trong cong thirc (3.66), ta co:

Ny-1

1= (-1)'Cy 4(,) [ 2" exp(-0y 5 2)dz
q=0 1,p
Ny -1 Ne-1 Ny -2 (91 )q (3.67)
:(—1) i (el,p) i El(QTm,leel,p)'i_ Z (_1)q Co P F(NT _1_q’011p)

Thay (3.67) vao (3.66), roi sau d6 thay két qua nhan duoc cua (3.66) vao (3.47)

s€ nhan dugc IP toan ching cua mo6 hinh AA-AJ nhu sau:

M M
IP5™ =1-T1[1], véi [][1] dugce tinh nhu sau:
m=1 m=1
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-
1+ (-1)" Cfexp(KQy 1 — PQ; e, )x...
p=1

[-11 .

m=1 m=1 1

(0" (0,20 1) E(Qr0.6,) (3.68)

x| Np-2 .
pa (Ne =t > (-1)° Cngl(QTm,leel,p)q 1F(NT _1—q’QTm,1Tm91,p)

q=0

O ving SNR cao, ta c6 thé tinh gan dung gia trj IP toan ching ctia mé hinh

RA-AJ nhu sau:

40 M M
IPAA g 1-T1[2], véi [ [[2] dugc tinh nhu sau:
m=1 m=1

-
1+ (-1)°Cch. exp( KnQr 1 )
p=1

[E-11 o, [ (00 5) Bl 10,) (3.69)
n n xH X Ne2

pr (N =Dt 2 (1) CET—l(QTm,Jmel,p)qAr(NT _1_q’QTm,1Tm‘91,p)

q=0

Ttr cong thire (3.48), két hop vai cac cong thire (3.37), (3.38), va (3.39) co thé

3

r 3 . . |V Jp— . ,
thay rang khi 1-p, <0 thi IP; =1, lam cho IP;* =1-[]IPZ =0 (theo cong thirc
m=1

(3.47)). Hon nira, cac cong thirc (3.59), (3.63), va (3.69) cho thiy rang & ving c6 mirc
SNR cao, gia tri IP toan chang khong phu thudc vao A.
3.2.5 Két qua md phéng cia MH LEACH MIMO

Str dung mo phong bang Matlab theo phuong phap Monte-Carlo dé kiém
nghiém cac tinh toan ly thuyét ctia cac gia tri OP va IP ¢ trén. Cac tham s6 cho méi
truong mo phong duge gan cac gia tri nhu sau: hé sb suy hao dudng truyén =3 cho
kénh Rayleigh; va khong mét tinh tong quat: gia sir vi tri dat nat E: (xe, ye) = (0.5,
0.3) mot cach ngéu nhién trong h¢ toa dg 2 chiéu Oxy, véi gid dinh vé kich thude nhé
gon Nén cac SN trong cum thir m ¢6 cung toa d6 (M/M, 0), s6 ndt trong cac cum la
K, =K(vm).

Céc két qua md phong duoc trinh bay trong cac hinh tir Hinh 3.7 dén Hinh
3.15.
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10”4 BA-BJ,RA-AJAA-AJ (Sim,C,,=0.85) i ]

[ ]
<

o B BA-BJ,RA-AJAA-AJ (Sim,Cm:O.Q) = L
10° ¥ BA-BJLRA-AJAA-AJ (Sim,C,=0.95) %

B Theory

1 IR Asymptotic
107 - ;

-5 0 5 10 15
A (dB)

Hinh 3.7 OP(A) véi M=4, Nt=2, Ne=3, K=4, ¢ =01, 42 —0.05

10°

% BABI(SIm,C,=075) }
® BABI(SIMC,=08) ||
¢ RAAI(SIMC, =075) [
*
v

-

RA-AJ (Sim,C,=0.8) |]
AA-A (Sim,C, =0.75) {3

10

107 B AAA)(SIMC, =0.8) ;
Exact i
I e E—— Asymptotic
10 T
0 5 10 15 20
A (dB)

Hinh 3.8 IP(A) v6i M=4, Nt=2, Ne=3, K=4, ¢ =0.1, ;2 —0.05

Hinh 3.7 va Hinh 3.8 m6 ta mdi quan hé gitra OP va IP v6i A trong trudng
hop s6 chiang M=4, s6 ang ten ctia cac CH 1a N7=2, s6 ang ten cta nit E 12 Ne=3, mdi
cum c6 4 nGt cam bién, hé sb thoi gian danh cho EH 1a « =0.1, 6 khong hoan hao
clia phan cling 4 - 42 = 0.05 voi cac gia tri dung lwong ngudng Cin trong khoang (0,85,
0.9, 0.95). Trong Hinh 3.7, c6 thé thiy rang gia tri cuia OP giam di khi A ting 1én boi
vi khi c4c nit trong hé thong 1am viéc & ving cong sudt phat cao hon thi OP tré nén
t6t hon. Pong thoi, & ving c6 SNR cao, cac gia tri cia OP theo 1y thuyét (Theory)

hoi ty voi gia tri tiém can (Asymptotic). Hon nita, OP s€ dat cac gia tri tot hon khi
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dung luong ngudng Cw giam di. Hinh 3.8 chi ra rang céc gia tri IP ctia ca 3 mo hinh
BA-BJ, RA-AJ, va AA-AJ déu tdng 1én khi A tang, va céc gia tri nay hoi tu véi cac
gia tri tiém can (cac duong Exact va Asymptotic hdi tu nhau vdi cac gia tri A>10).
Hon nita, ciing c6 thé thiy rang IP ctia md hinh AA-AJ 1a t5t nhat boi vi mé hinh nay
tan dung tat ca céc ang ten cho vi¢c truyén dir li€u va thu hoach ndng luong, cling
nhu tan dung tat ca cac n(t gay nhidu Jmy dé han ché hoat dong cua nat E. Ddng thoi,
cling c6 thé thay rang IP giam khi dung lwong ngudng C ting 1én. Mot cach ngin
gon, khi so sanh cac két qua trong Hinh 3.7 va Hinh 3.8, c6 thé thdy rang véi ciing
mot tham sb hé thong, khi ting cong suat phat (ting A) hodc giam ngudng muc tiéu
ctia dung lugng kénh Cr thi s& dat duogc gia tri OP t6t hon (OP giam di), nhung diéu
nay lai lam cho IP tang Ién tirc 1a 1am tang kha nang gidi ma chinh xac cac thong tin
khai thac trai phép tai nit E. Nhu vy, can phai can nhic dé dat dugc muc cin bang
giita 2 muc tiéu bao mat (IP) va tin cay (OP) trong cac hé thong thuc té tiy theo dicu
kién van hanh va muc dich khai thac.

Hinh 3.9 va Hinh 3.10 mé ta méi quan hé gitta cac gia tri OP va IP vdi s6
ching trong hé théng, v6i cac tham sd A=5(dB), sb dng ten cua nit E 12 N, =3 va s
nGt trong mdi cum K =3, hé s6 EH «=0.1, va phan cing hoan hao 12 = 12 =0 véi sb

luong dng ten phat tai cac CH N thay doi trong khoang N, ={1,2,3} .

10° S = —
— = - — =
-
-1
10 :
- = =
10°
o -3
10
(@)
4
10
® BABIRA-ALAA-AJ(SImN,=1) [}
10° B BABIRA-AJAAAI (SIMN,=2) |
v BABJRA-AJAA-AJ(SimN,=3) [}
-Exact
10° :

; ;
1 2 3 4 5 6 7
M

Hinh 3.9 Quan hé OP va s6 ching M véi s6 lwong iing ten khac nhau tai CH
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Co thé thay trong Hinh 3.9 ring OP ting 1én khi sb ching trong hé thong ting

M >2, tirc 1a 0 16n cua cac khe thoi gian 7= %A giam di. Trong truong hop M =1,

tic 1a khong sir dung chuyén tiép, hé théng hoat dong & mirc OP kém hon so voi
M =2; dong thoi, Hinh 3.9 chi ra ring hé théng dat gia tri OP t6t nhat v6i 2 ching.
Hon nita, cac gia tri OP dugc cai thién mot cach dang ké khi s lugng ang ten tai cac
CH ting 1én 1am cho viéc truyén dir liéu giita cac ching tin ciy hon khi c¢6 nhiéu dng

ten phat hon.

S
10" _n —

[

- BA-BJ (SimN=1)
BA-BJ (Sim,N=2)

*
*
v BA-BJ(SImN=3) \
X
O
-

&

M 0 O O A

P

. RA-AJ (Sim, N= 1)

RA-AJ (Sim,N;=2)
RA-AJ (Sim,N,=3)

10

o AA-AJ(SIMN;=1)

B AA-AJ(Sim, NT=2)

&

10

v AA-AJ(SIMN=3

Exact

T
|
L

2 3 4 5
M

&

10
1

Hinh 3.10 Quan hé IP va sé ching M véi s6 lwong dng ten khac nhau tai CH

Khac v6i OP, cac gia tri IP ctia giam mot cach dang ké khi so ching ting 1én
nhu trong Hinh 3.10. Mot 14n nita, Hinh 3.10 chi ra rang mé hinh AA-AJ dat duoc
gia tri IP t6t nhat trong cac mo hinh. Pong thoi, mé hinh AA-AJ va m6 hinh BA-BJ
¢6 IP t&t hon khi sb lwong dng ten phét ciia cac CH ting 1én vi diéu nay gitp cho viée
thu hoach ning luong tai cac ndt Jmy tot hon, tirc 13 NGt E nhan duoc nhiéu thong tin
hon tir Jmu. Hinh 3.10 ciing chi ra rang viéc Iya chon ngiu nhién cac ang ten phat cua
mo hinh RA-AJ 1am cho IP ctia mé hinh nay khéng phu thudc vao sb luong ang ten,
lam cho gia tri IP ctia m6 hinh AA-AJ trd thanh IP cia mé hinh RA-AJ khi N, =1.

Hinh 3.11 va Hinh 3.12 mé ta anh hudéng ctia phan cimg khong hoan hao 1én
céc gia tri OP va IP véi cac tham sd hé thong bao gdm s chang M =5, s6 nt trong

mdi cum K =4, ngudng dung luong C, =0.65, sd lwong dng ten phat cua cac CH va
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nit E twong tGng 1a N, =2,N. =3, VA A=25(dB) v&i cac hé sé EH khac nhau trong

khoang « ={0.05,0.08,0.1} .

10
| ® BA-BJRA-AJAA-AJ (Sim,a=0.05) 7
10" B  BA-BJRA-AJAA-AJ (Sim,a=0.08) /
| ¥ BA-BJRA-AJAA-AJ (Sim,a=0.1)
[ Exact ﬂ L
10? ﬂ
o -
(@]
10° / o~
4// .
10* /V/
= —
= =
| =
10'Sr
0 0.02 0.04 , 006 0.08 0.1
Hp

Hinh 3.11 Anh huéng ciia nhiéu phan cimg 1én OP

~.
— i )
— — '\\‘
10° =
BA-BJ (Sim,.=0.05) = ==
BA-BJ (Sim,«=0.08) & & ]
BA-BJ (Sim,=0.1) Y R
RA-AJ (Sim,«=0.05)
RA-AJ (Sim,«=0.08)
RA-AJ (Sim,=0.1)
AAAJ (Sim ,0:=0.05)
AA-AJ (Sim,a=0.08)
AA-AJ (Sim,a=0.1)
Exact
6 I
10

0 0.05 0.1 0.15 0.2

Mg
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Hinh 3.12 Anh huwéng ciia nhiéu phan cirng 1én IP
Co6 thé thiy rd rang rang OP ting 1én mot cach dang ké khi nhidu do tac dong
cta 161 phan ctng ting 18n, dic biét khi .2 —0.1 thi OP gan nhu bang 1 tirc 14 hiéu
nang hé théng bi anh huong rat 16n chi véi mic 42 0.1 nhu md ta trong Hinh 3.11.
Dong thoi, néu thoi gian danh cho EH nhé, tirc 13 thoi gian danh cho viée truyén dir

li¢u tang 1€n cling s€ cai thi¢n dugc OP. Nguoc lai véi OP, xac suit chan IP t6t hon
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khi 42 V3 o ting 1én nhu mé ta trong Hinh 3.12. Néu khong tinh dén viéc can thiép
ctia 18i phan cing, tac dong cta « 1én hé thong 14 rat dang ké nén can phai can nhic

khoang thoi gian danh cho chu trinh EH mot cach hop 1y.
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Hinh 3.13 Mdi quan hé giira IP va s6 nGt trong cum

Hinh 3.13 mé ta mdi quan hé giita IP véi sé nit trong cum K véi su thay doi
vé s6 luong dng ten tai nlt E. Cac gia tri trong hinh nay dugc thuc nghiém véi diéu
kién A=5(dB), C, =05, N, =2, a=0.1, K=4, M =5, va »2 =0. Mdt cach khach quan,
OP chi lién quan dén viéc truyén dir liéu gitra cac CH nén s ndt trong cum khong tac
dong dén xac suat dimg, song, do co ché hop tac va viée lya chon nit dé gay nhiéu
nén sb luong nat trong cum s& anh hudng dén sd luong cac nut gdy nhidu va tac dong
dang ké dén chét lugng tin hiéu thu duoc tai nit E nhu mé ta trong Hinh 3.13. C6 thé
nhan thiy rang IP s& giam mot cach dang ké khi K tang 1én, tirc 1a khi s6 luong nit
trong cum tang s& lam cho dd tin cdy cua h¢ théng tang Ién, tirc 1a IP giam di. Pac
biét, khi khong hop tac dé gay nhidu (K =0), gia tri ctia IP=1. Hinh 3.13 ciing chi ra
rang mo hinh AA-AJ cho céc gié tri IP tt hon 2 md hinh BA-BJ va RA-AJ, va dic
biét, mirc dJ tin cay cua md hinh AA-AJ vuot xa so vo1 2 mo hinh con lai khi K tang

1én. Pong thoi, khi s6 lwong dng ten cia nut E tang 1én, do tin cdy cia hé théng giam
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di vi E c6 nhiéu kha nang giai ma thanh cong hon véi so6 lugng ang ten duoc trang bi

nhiéu hon.
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Hinh 3.14 Mdi quan hé giira OP va IP véi s6 nUt trong cum
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Hinh 3.15 Méi quan hé giira OP va IP véi s6 ching
Hinh 3.14 va Hinh 3.15 m6 ta moi quan hé giita OP va IP v&i cac tham s6 hé
théng khac nhau. Trudc hét, cac gia tri OP duogc tinh toan dé dat mic muc tiéu

(OPtarget) trong khoang 10 <OP, ., <10, Dé dat duoc gia trj trong ving nay, h¢ thong
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s& d0i hoi mot mirc cong sudt phat twong Gng véi cac gia tri cia A duogc tinh toan
thong qua OP muc tiéu. Cac gié tri khac duoc st dung trong moé phong la C, =1.25,
N, =2, N.=2, =01, M=3, vd ,2-,2-001 cho két qua Hinh 3.14; va C, =09,
N, =2, No=4, @=01, K=7,Va z2 = 2 —=0.01 cho két qua Hinh 3.15.

C6 thé nhén thay trong Hinh 3.14 va Hinh 3.15 rang IP ting khi OP giam nén
tly theo yéu cau cu thé vé mirc cong suét cho viéc khoi phuc thong tin chinh x4c tai
D va kha nang ngan chan vi¢c ro ri thong tin tai E ma lya chon céc gia tri OP va IP
tuong ung. Cac gia tri trong hinh cac hinh niy ciing chi ra rang mé hinh AA-AJ dat
dugc gia tri IP tot nhat véi cung mot mitc OP. Hon nita, voi ciing murc OP va s ching
M =3, cac gia tri IP giam mot cach dang ké khi sd ndt trong cum ting tir K =2 1én
K =5 nhu mb ta trong Hinh 3.14. Pdng thoi, voi cung mic OP va s6 nit trong cum
K =7, cac gia tri IP giam dang ké khi s6 ching thay di tir M =2 1én M =3 nhu mé ta
trong Hinh 3.15.

Mot cach tong quat, c6 thé thay rang cac két qua thé hién trong cac hinh, tir
Hinh 3.7 dén Hinh 3.15 cho thiy su twong thich hoan toan giita cic gié tri tinh toan
1y thuyét chinh xac véi cac gia tri thuc nghiém. So sanh két qua giita Iy thuyét va thuc
nghi¢m cling chi ra réng mac du ¢ do phtic tap nhat, mo hinh AA-AJ nhan duoc do
tin cdy cao nhét do viéc tan dung tat ca cac ang ten cua cac CH cho viéc phat cac tin
hiéu dé cac nGt Jm,u thu hoach nang luong, cling nhu tan dung tat ca cac nat Jmy cho
viéc hop tac dé gay nhiéu 1én n(t E. Hon nita, do dit liéu chi truyén gitta cac nit CH,
nén xac suat dimg OP cta hé thdng 13 nhu nhau véi ca 3 mo hinh BA-BJ, RA-AJ, va
AA-AT vi OP khong bi tac dong boi sd lwong cAc ndt trong cum. Tuy nhién, cac két
qua nay ciing chi ra rang viéc ting sd ching va s luong nlt trong cac cum s& cai
thién duoc mdi quan hé giita OP va IP trong hé thong. Nhu viy, cac két qua thuc
nghiém véi cac diéu kién 1am viéc khac nhau duoc chi ra trong cac hinh trén 1a nhiing
tham khao truc quan trong vi¢c lya chon céac gia tri OP va IP cu thé trong vi¢c xay

dung m6 hinh mang.
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3.3 Mt s6 nhan xét

Nham muc tiéu nghién ctru giai phap duy tri két ndi cia HTTTVT thé hé méi

trong ving mang chuyén tiép da ching thong qua viéc phan tich, tinh toan, danh gia

cac chi s6 hi¢u ndng 1a x4c suat dung OP va xac suat chan IP toan chang, cac két qua

nghién ctru cta ludn 4n trong chuong 3 c6 thé tong két lai nhu sau:

Dé xuét str dung mo hinh mang chuyén tiép da ching LEACH dé nghién ciru
trong truong hop tong quat. Pay 1a diém khac biét so v6i hau hét cac nghién
ctru trude day [71], [80-82], [129] chi sir dung mang chuyén tiép hai ching.
Cé4c md hinh trong Hinh 3.1 va Hinh 3.6 thé hién tinh tong quét khi c6 thé ap
dung cho sb ching bat ky.

Dé xuét sir dung k¥ thuat tao nhidu nhan tao dé danh gia hiéu nang IP do k¥
thuat nay cho phép dat gié tri IP tot hon nhu da chi ra trong mét s6 nghién ciru
trude day [70], [72], [73], [75]. Tuy nhién, khéac véi cac nghién ciru nay, luan
an dé xuat ap dung k¥ thuat tao nhidu sir dung thu thap ning luong séng vo
tuyén RF-EH. K¥ thuat RF-EH dat dugc ca hiéu qua ning luong cho cac nit
phat tin hiéu nhiéu va tac dong gay nhiéu.

Pé xuét sir dung cac nit thanh vién trong cac cum LEACH 1am niit tao nhiéu,
thay vi str dung thém maot nat tao nhiéu Jammer bén ngoai hé thong. Pay ciing
13 mot diém méi cua luan an so véi cac nghién ctru trude do.

Trong trudng hop cac nut trong hé thong st dung da ang ten, luan an dé xuat
03 k¥ thuét chon lya anten tai nit chi cum va chon lga ntt/cac nit tao nhiéu
dé dat duoc hi¢u ning OP va IP t6t nhat. Pay 1a nhitng mo hinh méi, chua thay
trong cac nghién ctru da cé tdi nay. Ludn an da thuc hién so sanh hi¢u nang
OP/IP cuia cac phuong phap dé xuét, cling nhu dua ra cic bién ludn vé sy phiic
tap khi trién khai cac phurong phéap chon lya nay trong cac noi dung & Muc 3.2.
DPéng gop quan trong nhat cia Chuong 3 1a dwa ra dugc cac biéu thirc toan hoc
danh gia chinh x4c gia tri OP va IP toan trinh cho 03 mo hinh chon lya anten
tai nat cha cum va chon lya nat/cac nit tao nhidu d3 dé xuét & trén. Dic biét,

cac biéu thuc OP va IP dugc dua ra ¢ dang tuong minh (closed-form). Céc
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tinh toan cé xét dén do hoan hao cua thiét bi. Cac biéu thirc ndy c6 thé ap dung

hiéu qua trong viéc tinh toan, thiét ké va t6i wu hiéu ning mang boi néu thiéu

cac cong thirc tudng minh, viée tdi vu bang mé phong s& kho khin hon rat

nhiéu hodc mat rat nhiéu thoi gian.
3.4 Két luan Chwong 3

Chuong 3 da thuc hién nghién ctru giai phap duy tri két ndi trong HTTTVT st
dung k¥ thuat chuyén tiép voi viée st dung mot ving mang chuyén tiép da ching
dién hinh 1a mé hinh WSN MH LEACH. Cac tham s hiéu ning quan trong nhat lién
quan dén hoat dong ctia mé hinh nay 13 x4c suét dimg OP va xéc suat chan IP toan
chang do hé thong s& ngimg 1am viéc, két ndi trong HTTTVT sé& bi gian doan khi OP
va IP tang 1én vuot qua mot gia tri ngudng cho phép. Hai kién trac cu thé di dugc dé
xuat 13 WSN MH LEACH véi cac nit mang don ang ten va kién traic WSN MH
LEACH MIMO c6 cac nat da ang ten. Ky thuat thu hoach nang luong va hop tac tao
nhiéu dugc ap dung. Tir nhitng dé xuét cu thé cho mot mo hinh dién hinh cta ving
mang HTTTVT chuyén tiép da ching sir dung mo hinh WSN MH LEACH, ndi dung
chuong 3 di dwa ra duoc cac biéu thirc toan hoc tudng minh cho tinh toan chinh xac
c4c gia tri OP va IP toan ching trong diéu kién xem xét day du cac tham sé can thiét
lién quan va ti I¢ tin hi¢u nhiéu & mutc cao. Luan an di thuc hién mo phong dé kiém
chtng céc két qua tinh toan 1y thuyét. Cac két qua dat dugc trong chuong nay thé

hién trong cac cdng trinh C.01 va J.01 cua tac gia luan an.
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KET LUAN

Céc hé thong thong tin vo tuyén (HTTTVT) khéng nhirng cung cip cac két
nbi cho phép nguoi sir dung trao doi thong tin véi nhau qua céc thiét bi di dong UE
(User Equipment), ma con két ndi van vét vao Internet thong qua IoT. Clng véi cac
cong nghé hd tro, cac HTTTVT thé hé méi hudng t61 mot nhiém vy quan trong la
bao dam va duy tri két ndi cho 2 nhom dbi twong Gmg dung chinh: 1) nhém tng dung
huéng dén con ngudi thong qua cac hé thong di dong biang rong tién tién eMBB
(enhanced Mobile Broad Band), va 2) nhom tGng dung huéng dén thiét bi thong qua
hé thong truyén thong kiéu may MTC (Machine Type Communications). Viéc ting
Ién cua sb lwong ngudi st dung & nhom 1), va sy phat trién nhanh chéng sé luong
cac thiét bi & nhom 2) da va dang dit ra cac thach thuc vé viée duy tri két néi trong
hoat dong cua cac HTTTVT thé hé méi.

Trong sb céc tiéu chi hiéu ning mang, duy tri két ndi 1a tiéu chi quan trong
nhat da dugc T6 chirc Vién thong Qudc té ITU-T khuyén nghi trong mét tiéu chuan
riéng ITU-T Y.2225 nam 2018 [36] vé yéu cau duy tri két ndi trong ngit canh
HTTTVT thé hé méi. Trong tiéu chuan nay, ITU-T d chi ra duy tri két nbi co lién
quan dén chuyén giao cudc goi, chdng gian doan va bao dam an toan két ndi.

Déi voi cac tng dung eMBB, viéc duy tri cic cude goi chuyén giao HO (Hand
Over) dé han ché xac suét rot cude goi CDP (Call Dropping Probability) 1a thach thirc
dién hinh do lién quan dén sy khan hiém cua tai nguyén va viéc cip phat tan sb t6i
cac tram gbc BS (Base Station). Ky thuat chuyén tiép dugc khuyén nghi trong
HTTTVT nham cai thién CDP. Tuy nhién, cac nghién ciru truée day chi méi dimg
lai & viéc tinh toan CDP trong cac diéu kién luu luong thong thudng, cling nhu tap
trung vao do phirc tap clia xac sudt chuyén giao cudc goi, ma chua tinh toan CDP
trong truong hop cac kénh vo tuyén da dugc khai thac triét dé nham phuc vu cho céc
yéu cau goi méi va vai tro ciia RS trong diéu kién luu lwvong mang ting cao dot bién

va viéc don gian hoa céc tinh todn xac suat chuyén giao.
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Déi v6i cac tng dung MTC, két ndi vo tuyén giita cac thiét bi s& bi gian doan
khi gia tri cac xac sudt dimg OP (Outage Probability) va xac suit chin IP (Intercept
Probability) vuot mot mirc ngudng cho phép. Mb hinh truyén théng da ching MH
(Multi-Hop) véi phan cap cum thich Gmg ning lugng thdp LEACH (Low Energy
Adaptive Cluster Hierarchy) ctia mang cam bién v tuyén WSN (Wireless Sensor
Network) 13 mot truong hop dién hinh cia HTTTVT sir dung k§ thuét chuyén tiép va
1a chu dé cho nhiéu nghién ctru trong thoi gian gan day. Gia trj OP va IP trong cac hé
thong nay thé hién kha ning duy tri két néi trong qua trinh truyén dir liéu gitra cac
nuat cht cum CH trong hé thong. Tuy nhién, viéc tinh toan OP va IP ludn 1a thach thic
trong cac nghién ctru khi d¢ phtc tap va kha nang thanh cong trong tinh toan phu
thudc vao sd ching trong hé thong cac tham sé cia mé hinh truyén thong nhu: sb
lugng ang ten tai cac nut, sy tham gia ctua cac ky thuat thu hoach nang luong EH
(Energy Havesting) va hop tac gay nhiéu CJ (Co-operative Jamming), md hinh kénh
pha dinh va d6 hoan hao cta phan ctng thiét bi. Hau hét cac nghién ctru téi nay van
con mot s6 han ché, dién hinh 1a: méi chi thuc hién véi cac mé hinh hai ching (chua
¢ da ching), khong sir dung k¥ thuat EH cho cac ndt thanh vién trong cac cum dé
phat CJ, khong str dung céac ntt thanh vién trong cac cum dé thuc hién CJ trong viéc
bao dam IP, chua xét dén d6 khong hoan hao cuia phan cing.

Qua khao sat, phan tich cac diém con han ché cua cac nghién ctru téi nay, luan
an nay tap trung vao nghién ctru gidi phép cai thién hi¢u nang HTTTVT st dung k¥
thuat chuyén tiép. Luan an tap trung vao tiéu chi hiéu ning quan trong nhat 1a duy tri
két ndi theo khuyén nghi cua ITU-T, cu thé 1a cac chi s hiéu nang CDP, OP va IP.

Chi s6 CDP dugc nghién ciru trong viing mang thong tin di dong cia HTTTVT
thé hé méi st dung k¥ thuat chuyén tiép dé duy tri két ndi cho cac cude goi chuyén
giao trong diéu kién luu luong rit cao (diéu kién x4u nhat), nghia 1a khi c6 tbc d6 yéu
cau két ndi cho cudc goi mai rat 16n, toan bd dung lugng ciia cac BS trong khu vuc
nay luén bi chiém, cac tram gdc khong dii nang lyc phuc vu lam cho CDP luén & gia

tri cuc dai (=1). Luan an da dé xuét giai phap tan dung hiéu qua hoat dong cua céc
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tram chuyén tiép RS (Relay Station), giup giam CDP mot cach dang ké va cai thién
dugc chat luong duy tri két ndi cude goi chuyén giao.

Céc chi s6 hiéu ning OP va IP dugc nghién ciru trong ving mang chuyén tiép
da ching cia HTTTVT thé hé méi, xét trong mot truong hop dién hinh véi mang
WSN MH LEACH. S¢ ctr cho lya chon mé hinh nay dua vao khuyén nghi cua tiéu
chuén ITU-T /Y.3104 [11] va ITU-T / Y.2255 [36]. Hai m6 hinh nghién ctru di duoc
dé xuat cho tinh toan OP va IP toan chang 1a WSN MH LEACH véi cac nit don ang
ten va WSN MH LEACH MIMO véi cac nit da ang ten. Ky thuét thu hoach ning
luong EH dugc dé xuit ap dung cho viéc gay nhiéu tac dong dén nguy co gian doan
két nbi. Trong thuc hi€én moé hinh, luan an cling da dua ra mot s6 dé xuat cu thé cho
ap dung EH. Luan 4n da dé xuit duoc cac biéu thic toan hoc tuong minh cho tinh
toan chinh xac cac gia tri OP va IP toan ching trong diéu kién xem xét day du cac
tham sb vé s6 chiang bat ky, lua chon dng ten, lwa chon nat gay nhiu, méi trudng
truyén v6i ti 18 tin hiéu nhiéu & mirc cao.

Song song v&i cac phan tich, luan 4n da thyc hién mo phong dé kiém chimg
cac két qua tinh toan 1y thuyét.

Dong gop mai cua luan an

Luan &n c6 nhitng dong gdp chinh nhu sau:

1) Pé xuat giai phap tan dung hiéu qua hoat dong ciia cic tram chuyén tiép
RS dé hd tro chuyén giao thanh cong, giam tbi thiéu xac suat rét cude goi
chuyén giao thoi gian thuc trong cac ving ¢ luu luong rat cao c6 nguy
co nghén cuc bd. Pong thoi, bai toan tinh x4c suat chuyén giao cudc goi
cling dd duogc giai quyét don gian hon. Viéce tan dung hiéu qua hoat dong
ctia RS cho phép khai thac toi da tai nguyén vo tuyén trong cac HTTTVT
thé hé moi st dung k¥ thuat chuyén tiép dé cai thién hiéu ning CDP, duy
tri két n6i chuyén giao trong cac hé théng nay. Cac két qua nghién ciru da
thé hién trong cac cong bd [J.02-J.04].

2) Pua ra cc biéu thirc méi trong tinh todn OP va IP toan ching twong tng

v6i cac moO hinh nghién cliru méi véi do phirc tap hon dé danh gia do on
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dinh két ndi cia HTTTVT st dung k¥ thuat chuyén tiép. Céc tham sb hé
théng duoc khao sat mot cach tong quat hon nhu: sb ching, sé dng ten
trong cac nit cia HTTTVT da ching, va do hoan héo cua phan cimg. Hon
nita, ludn 4n dé xudt cai tién trong viéc ap dung cidc mo hinh EH va CJ so
v6i cac nghién ctru trude day trong viée tinh toan OP va IP. Céc biéu thirc
todn hoc tuong minh ctia OP va IP toan chang 1a dong gop chinh cua noi
dung nay. Céc két qua nhan duogc tir viée tinh toan va mé phong 1a co s
tham khao cho cong tac danh gia va duy tri két néi mang, va dugc cong bd

trong [C.01] va [J.01].

Il.  Hudng phat trién tiép theo

Céc hudng c6 thé phat trién tiép cta luan an bao gdm:

Tinh toan kha nang thanh cong ciia chuyén tiép kénh trong diéu kién luu
lugng cao vdi cac bang thong khac nhau cua UE.

Tinh toan CDP v6i cac RS di dong trong cac mo hinh mang khac nhau cua
HTTTVT thé hé moi.

Khao sat, tinh toan OP va IP toan ching trong cac diéu kién Fading khac
nhau véi su lua chon cac yéu td tac dong khac nhau cua cadc mo hinh mang

mg dung cu thé.
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PHU LUC

PL1. Thiét 1ap toa @9 cho md hinh 3 BS va 13 RS

Cc=R*[0.5* (2*sgrt (3)+1), 3; 0.5*(sqgrt(3)+1), 1.5; 0.5*(3*sqgrt(3)+1), 1.5];
Cr=R*[0.5* (2*sqgrt (3)+1), 2; 0.5*(3*sqgrt(3)+1), 2.5; 0.5*(sqrt(3)+1), 2.5;
0.5*% (2*sqgrt(3)+1), 1; 0.5*(3*sgrt(3)+1), 0.5; 0.5* (4*sqgrt(3)+1), 1;
0.5*% (4*sqgrt (3)+1), 2; 0.5*(3*sqrt(3)+1), 3.5; 0.5* (2*sqrt(3)+1), 4;
0.5* (sqrt(3)+1), 3.5; 0.5, 2; 0.5, 1; 0.5*(sgrt(3)+1), 0.51;
relay bina=(1, 2, 3; 1, 3, 0; 1, 2, 0; 2, 3, 0; 3, 0, O; 3, O, Oy
3, o, 0, 1, o, 0; 1, 0, O; 1, O, 0O; 2, 0, 0; 2, 0, O;
2, 0, 0];
Cell_bind=[l 2, 3, 8, 9, 10; 1, 3, 4, 11, 12, 13; 1, 2, 4, 5, o6, 71;

PL2. Khéi tao vi tri va tham sé cudc gei cho tat ca cac MU trong mang

% Nc = no_channel
$ N = sb BS trong mdé hinh
for i=1:N %assign users in each cell
for j = 1l:no_channel
dist=R*rand () ;
alpha=2*pi*rand() ;
u((i + (3-1)*N), 1)= Cc(i, 1)+ dist*cos(alpha); % UEx
u((i + (j-1)*N), 2)= Cc(i, 2)+dist*sin(alpha); % UEy
u((i + (3-1)*N), 3)= i;
end
end
for i=l:no_channel*N %velocity and direction of each user
v(i, 1)= 1*rand(); % velocity of UE
v(i, 2)= 2*pi*rand();% direction's UE
end
t= exprnd (300, 1, no_channel*N); %call duration t = 5 phut =

Using = no_channel*ones (1,

PL3. Cap nhat trang thai mang

% Update network
for i=l:no_channel*N

N) ;

if (u(i,1:2)~= 0)
u(i, 1:2)= locarr (i, :);
t(i)= t(i)-curr_time;

else
u(i, 1)= Cc(u(i,3), 1)+ R*rand()*
u(i, 2)= Cc(u(i,3), 2)+ R*rand()*
v(i,1l) = 1*rand();
v(i,2) = 2*pi*rand();
t(i)= exprnd (300, 1);
Using(u(i,3)) = Using(u(i,3)) +1;
no user = no user + 1;

end

end

300s

%$Number of busy channels in each cell

s(2*pi*rand());
n(2*pi*rand());



- 115 -

PL4. Tinh thoi gian di chuyén ra ngoai BS va RS

for i=l:no_channel*N
crossbound (i, :)=[0, 01];
if (sum((u(i,1l:2)-Cc(u(i,3),:))."2) < R"2)
templ= u(i, 1:2)-Cc(u(i,3),:);
deltal=R"2+2*templ (1) *templ (2) *cos (v (i, 2))*sin(v (i, 2))-
templ (1) "2*sin(v (i, 2))"2-templ (2)"2*cos (v (i, 2))"2;

crosscellbound = (-(templ (l)*cos(v(i, 2))+
templ (2) *sin(v (i, 2)))+sqrt(deltal))/v(i,1);
crossbound (i, 1)= crosscellbound+eps;

relayCc = cell bind(u(i,3),:);
for ii = l:length(relayCc)
temp2= u(i, 1:2)-Cr(relayCc(ii), :);
delta2=Rr"2+2*temp2 (1) *temp2 (2) *cos (v (i, 2))*sin(v(i, 2))-...
temp2 (1) "2*sin(v (i, 2))"2-temp2(2)"2*cos(v (i, 2))"2;
if (delta2 >= 0)

root = (- (temp2(l)*cos(v(i, 2))+ temp2(2)*sin(v(i, 2)))+
sgrt (delta2)) /v(i,1);
smallroot = (-(temp2(l)*cos(v(i, 2))+ temp2(2)*sin(v(i, 2))) -

sqrt (delta2)) /v (i, 1
loc(l)= u(i, 1
2

)7
Y+ v (i, 1)*root*cos(v(i, 2));
loc(2)= u(i, Y+ v(i, 1)*root*sin(v(i, 2));
loc2(l)= u(i, 1)+ (1, 1) *smallroot*cos (v (i, 2));
loc2(2)= u(i, 2)+ v(i, 1)*smallroot*sin(v (i, 2));
if ((root > crossbound(i,1l)) && (sum((loc-Cc(u(i,3),:))."2)> R"2))
crossbound(i,1l) = root;
else
if ((smallroot > crossbound(i, 1)) &&(sum((loc2-Cc(u(i,3),:))."2)>
R*2))
crossbound(i,1l) = crossbound(i,1);
end
end
end
end
end
crossbound (i, :) = [crossbound(i,1), u(i,3)]1;

PL5. Vi tri hién thoi cia cac MU khi xay ra sw kién két thac cudc goi hoic

chuyén giao

[t cross, ho] = min(crossbound(:,1));
[t_term, te] = min(t);
curr_time = min(t_term, t cross);

%$Check the network situation: 1 UE terminated or handed over
$Location of UE at time of event
if (curr time <= 0)

curr_time;

end
for i=l:no_channel*N
locarr(i,1)= u(i, 1)+ v(i, 1)*curr time*cos(v(i, 2));
locarr(i,2)= u(i, 2)+ v(i, 1)*curr time*sin(v(i, 2));
end
if (t_term <= t cross)
v(te,:)= [0, O];

Using(u(te,3))=Using(u(te,3))-
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u(te,1:2)=10,
t(te)=0;
no_user=no_user-1;
terminated=terminated+1;
else
Using (u (ho,3))= Using (u (ho,
network handover;
end

0];

PL6. HCRS

% ne

dc =
for

end
%cel
if |

hgre
else

chan

Rr"2

twork handover;
[1;
i=1:N
dd = sum((Cc (i, :)-locarr(ho,:))."2);
if (dd < R"2)
dc = [dd i];
cell arr = i;
end
1 arr: the cell UE moving to
size(dc,1) == 0)%User is in the green zone
no_user = no_user -1;
u(ho, 1:2)= [0, 01];
v (ho, :)= [0, 0];

t (ho)= infty;

3))-1;

$The cell arr has no available

% Find the UE of cell arr are in RS between cell arr and cell ho

en=hgreen+l;
if (Using(cell arr) == no_channel)
nel
% cell arr has no available channel
cell ho = u(ho,3);
relay ho = intersect(cell bind(cell ho,
incell arr = []; % UEs of cell arr
for i = l:no_user
if (u(i,3) == (cell arr))
incell arr = [incell arr i];
end
end
in relay = [];
for i=l:length(incell arr)
relay = relay ho(1l);
if (sum((locarr(incell arr (i)
in relay= [in relay; [incell arr (i)
else
relay = relay ho(2);
if (sum((locarr (incell arr (i),
)
in relay= [in relay;
end
end

end

, 1:2)-Cr(relay,

[incell arr(i)

1)y

1:2)-Cr(relay,

cell bind(cell arr,

relayl];

1))

relayl];

h2)<

1))

1)) ."2)< Rr"2)
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if (size(in_relay, 1)==0) %No user is in relay -> dropped
drop = drop +1;
no_user = no_user -1;
u(ho, 1:2)= [0, 0];
v(ho, :)= [0, 0];
t (ho)= infty;
else
handover succ= handover succ+l; %handover-success
u(ho, 1:2)= [0, 0];
v(ho, :)= [0, 0];
t (ho)= infty;

no_user = no user - 1;
end
else
end
end
PL7. Thiét 1ap tea do mo hinh 7 BS va 24 RS
Cc=R*[0.5* (3*sgrt (3)+1), 3; 0.5*(2*sqgrt(3)+1), 1.5;
0.5*(4*sgrt(3)+1), 1.5; 0.5*(5*sgrt(3)+1), 3;
0.5*(4*sqgrt(3)+1), 4.5; 0.5*(2*sqgrt(3)+1), 4.5;
0.5*(sqrt(3)+1), 31;
Cr=R*[0.5* (3*sgrt (3)+1), 2; 0.5*(4*sqgrt(3)+1), 2.5;
0.5*(4*sgrt(3)+1), 3.5; 0.5*(3*sgrt(3)+1), 4;
0.5*% (2*sqgrt (3)+1), 3.5; 0.5*(2*sqrt(3)+1), 2.5;
0.5*(sqgqrt(3)+1), 2; 0.5*(sgrt(3)+1), 1; 0.5*(2*sqrt(3)+1), 0.5;
0.5*(3*sqgrt(3)+1), 1; 0.5*(4*sgrt(3)+1), 0.5; 0.5*(5*sqrt(3)+1), 1;
0.5*% (5*sqgrt (3)+1), 2; 0.5*(6*sqrt(3)+1), 2.5;
0.5*(6*sqrt(3)+1), 3.5; 0.5*(5*sqgrt(3)+1), 4; 0.5*(5*sqrt(3)+1), 5;
0.5*(4*sgrt(3)+1), 5.5; 0.5*(3*sqgrt(3)+1), 5;
0.5*(2*sgrt(3)+1), 5.5; 0.5*(sqrt(3)+1), 5; 0.5*(sqrt(3)+1), 4;
0.5, 3.5; 0.5, 2.5]1;
relay bind=[(1, 2, 3; 1, 3, 4; 1,4,5; 1,5, 6; 1, 6, 7; 1, 2, 7; 2, 7, 0;
2, 0, 0; 2, 0, 0; 2, 3, 0; 3, 0, 0; 3, 0, 0O;
3, 4, 0; 4, 0, 0O0; 4, 0O, 0O; 4, 5, 0; 5, 0, 0; 5, 0, O;
5, 6, 0; 6, 0, 0; 6, 0, O; 6, 7, 0; 7, 0, 0; 7, 0, O];

cell bind=[1, 2, 3, 4, 5, 6; 1, 6, 7, 8, 9, 10; 1,
2, 3, 13, 14, 15, 16; 3, 4, 16, 17, 18, 19
4, 5, 19, 20, 21, 22; 5, 6, 7, 22, 23, 241;

PL8. Tinh Pn

clear all;
HO1l = 0;
HO2 = 0
N test
R = 700;
Regql = 0.91*R;
Reg2 = 1.35*R;
Cc=R*[sqgrt(3), 1l]; % toa do tam cell
for i=1:N_test
dist=R*rand() ;
alpha=2*pi*rand() ;
U(l)= Cc(l) + dist*cos(alpha); % toa do 0x User
U(2)= Cc(2) + dist*sin(alpha); % toa do Oy User

N
=
(@]
~
=
=
~
=
N
~
=
w
~

|~

107%6;
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CU = sgrt ((U(l) - Cc(l))"2 + (U(2) - Cc(2))"2);
v(l)= 20*rand(); % van toc User

v(2)= 2*pi*rand(); % huong di chuyen User

t= exprnd (120, 1); % thoi gian goi cua User

UD = v(1)*t;
CD = sqrt (CU"2 + UD"2 - 2*CU*UD*cos (v (2)));
if CD > Reql
HO1l = HO1l + 1;
end
if CD > Reg2
HO2 = HO2 + 1;

end
end
Phl = HO1*100/N_test;
Ph2 = HO2*100/N_test;

PL9. Céc tinh toan trung gian cho IP
PL9.1. Tinh cong thirc (3.23)

Ta co:
Pr(Ce, <Cy )= Pr(l//Tm,l,E <o+ a)zl//Tm,l,Jml//Jm,E) (3.19)
- J‘O+OO J'OJroo FWTm—LE (a)l + a)z yz)fWTm,l‘Jm (y) fl//Jm,E (Z)dydz
Trong do:
-—£ i (3.20)

(1—T,§p)A 2 zl—rép

Thay cac ham CDF va PDF ctia kénh Rayleigh tir (3.1) va (3.2) vao (3.19), ta

[1“eXp(_§lm4£(aﬁ‘Fabyz))]§2m4Jmexp(_{1m4me)

Pr(CE’m <C, ) = J'OM .[om Vo) exp(—Q Z)
I E In B

ydz. (PL9.1)

Thuc hién tinh toan cho 16p tich phan dau tién theo dy, ta c6 két qua sau:

J‘OM [1— exp(—QTME (o, + o, yz))]QTMVJm exp(—QTMJm y)dy

::1—exp(—{1mﬂ£ah)jgwg1mﬂJmexp(—(l%&Eabzy)exp(—{}mﬂJmy)dy (PL9.2)

QT J
1 s ep(-0, )
QTm,lme + QTHEa)ZZ

Thay cong thirc (PL9.2) vao (PL9.1), ta co:
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+o0 Q
Pr(Ce, <Cy)= J'O 1- . JIEJTL,E%Z exp(—QTmEa)l):lQvaE exp(-Q, (z)dz

w0 Q
=1- eXp(—QT"H'Ea)1 ) .[o o Tmfzzim :;)ZZ exp (_QJm . Z) dz (PL9.3)

m—lv‘]m

+00

=1- exp(—QTmilan)l)J‘o ﬁexp(—qﬁz)dz

Q Q
voi 0, =—mn E (nhy trong cong thire (3.22)).

T,1.ED2
Tiép theo, dit u=0, +Q, cz (suyra du=Q, .dz va z= u=0, ), ta viét lai cong
3,.E
thirc (PL9.3) nhu sau:
0 6,2 du
Pr(Cen <Cy) :1—exp(—QTmilan,l)J‘gm qu,E exp(—(u-6,))
nE (PL9.4)
+0 EXP(—U
=1-6, exp(0, —QTM,Ea)l)Lm 1(1 ) du.
, : o e i A o exp(—t) 5 .
Str dung dinh nghia cuia ham tich phan mii: E (x) =_|' 7dt , va thay vao

trong cong thirc (PL9.4), ta c6 duogc két qua nhu trong cong thirc (3.23):
Pr(Cepn <Cyp)=1-6,exp(60, —Q; . )E (6,).
PL9.2. Tinh cdng thirc (3.56)
Thay thé (3.55) vao (3.53), ta c6:

Ne NpK,-1

ﬁanAfBJ :1+ Z (_1) p+u C,\F‘)EC;TKm_lNTKmQTm,leeXp(_ pQTm,lez)
=1 u=0
- (PLO.5)
+00 1'
><J.O HLp ":' yeXp(_(u +1)QTm—1Tm y)dy
~ A Z
Dit z=(u+1)Q, ; (6,+y) (hay dz=(u+1)Q, ;dy vay e —6,) ta

co:
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ﬁnqufsJ 14 (_1) p+u C,\F"ECE‘TKmleTKmQTMTmeXp(— pQTnHEa)z)
p=1 u=0
o 6,,(u+1)Q; o dz
* J‘(“Jrl)QTm_leng z exp(_(z _(u +1) QTm_le 91,;: )) (U +1)QT T
“"(PL9.6)
Ne NiK, -1 - ]
=1+Z Z (_1) CNpECNTKm—lNTKmQTm,leelypeXp((u+1)QTm—1Tm01vp - pQTmflez)
p=1 u=0
+0 1 q
8 '[(U+1)9Tm,1rm91,p E &P (_Z) .
Str dung dinh nghia ctia ham tich phan mii E (x)= I +m%(_t)dt, va thay vao

trong cong thirc (PL9.6), ta c6 dugc két qua nhu trong cong thic (3.56):

—_ _ NE NTKm_l u
IPn =1+ (-1 ch el NK

p=l u=

0
x exp((u +1)Q, . 6,- pQTMEa)Z) E, ((u +1)Q, .6, )

Q

m m—le elv p



