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MO DAU
1. Ly do chon dé tai

Thé gisi dang budc vao ky nguyén caa cong nghiép 4.0, song song do, theo du doan s& c6 khoang 50 ti
thiét bi dugc két ndi dé truyén théng vai nhau va truy cap cac dich vuy/tién ich da phuong tién vao nam 2021 [1].
Trong bdi canh ndy, mang thé hé tha 5 s& di dién véi thach thirc cia mot lwong I6n ngudi dung di dong (MU)
y&u cau cac dich vu va tng dung c6 dung luong dir liéu va toc d6 cao. Piu nay s& khién cho mang 5G trg néu
suy yéu bai van dé tic nghén do xung dot luu lwong xay ra tai cac tuyén truc (backhaul link) cua cac tram co so
Ién (MBS) ciing nhu ctia cac tram co s¢ nho (SBS). Trong khi viéc dau tu phat trién céc tuyén truc téc do cao ton
rat nhiéu chi phi va tham chi phai thay doi kién triic mang thi nhing giai phap va ki thuat méi c6 thé thay thé mot
cach hiéu qua hon.

Mang siéu day dac (UDN) duge xem nhu 1a mét Kién tric hira hen ¢d kha nang dép img duoc cac yéu cau
ciia mang 5G nhu ting dung luong hé thdng gap 1000 Ian va d tré truy xuat dit liéu nho hon 1ms [2]. Tuy nhién,
viéc phat trién UDN con phai yéu cau nhiéu hon nira cac cdng nghé, ky thuat va cac thiét ké toi uvu dot pha nham
cung cap cho luong 16n MU nhirng dich vy va tng dung c6 dung luong dit liéu va te d6 cao, vi du nhu dich vu
va ung dung truyén video (VAS), véi chit lwong dich vu (QoS) va hiéu qua sir dung tai nguyén tét nhat. Bé dat
duge diéu nay, nhiéu cong nghé, ky thuat va thiét ké téi wu cho UDN da dugc nghién ciiu tap trung vao viéc lam
thé nao dé tan dung cac ngudn tai nguyén vé khdng gian, thoi gian, ma, phd tan, bang théng, ning luong va dung
luong luu trit, ciing nhu 1am thé nao dé dua cac dich vu tién tién dén gan voi cac MU hon.

Gan day, ky thuat luu trir da thu hat sy chd y ciia cac nha nghién ctu trong ca linh vuc hoc thuat va cong
nghiép dé mang lai loi ich cho cac nha cung cap dich vu Internet (ISP) va nha cung cap ndi dung ciing nhu dap
rng nhu ciu cao ciia ngudi dung cudi. Trong linh vuc ndy, cac nha nghién ciru Viét Nam da ¢ co hoi hop tac voi
céc chuyén gia hang dau thé gigi nham phat trién cac du an va cong b cac cong trinh nghién ctru & cac tap chi
uy tin [14, 19, 21-23, 29-31, 35, 38, 44, 50]. Tuy vay, cac nhém nghién ciru ndy van chua trién khai mot cach tong
thé mod hinh, phan tich va thiét ké t6i wu luu trir va truyén video hop tac trong 5G UDN. Do vay, van con nhiéu
van dé thach thire chua dwoc giai quyét nham nang cao nang luc cho 5G UDN trong viéc cung cip cho MU cac
dich vu tién tién c6 QoS va hiéu suat sir dung tai nguyén cao. O cic nudc phét trién, cac cong trinh nghién cau
trong linh vuc ndy nhiéu hon vé sé lugng va tot hon vé chét lugng, cu thé nhu: luu trix tai cac thiét bi [15, 20, 33,
42, 45], luu trix tai tram co s& nho femto [26, 27, 34], lwu trir tai c&c tram co s& nho [17, 32, 37, 41, 43, 46], luu
tri¥ tai tram co s& 16n [39, 40], va luu trix da tAng [16, 18, 24, 25, 28, 36, 47, 48].

Mic di cac cdng trinh nghién ciru dugc thuc hién tai cac qudc gia phat trién nhiéu hon vé sb luong va cd
nhirng d(’)ng 806p quan trong hon so véi cac cong trinh dugc thyc hién boi cac nha nghién ctiru trong nudc, van con
nhiéu van dé chua duoc giai quyét va can phai co nhiing ki thuat, md hinh, phan tich, thiét ké toi uu va cac tiéu
chuan dot pha nham dap wng cac yéu cau cao va phuc tap cia luu trir va truyén/phén phdi video trong 5G UDN.

2. Muc tiéu, d6i twong, pham vi va phwong phap nghién ciru
2.1. Muc tiéu nghién ciu

Muc tiéu nghién ciru cua ludn 4n 1a dé xuét cac co ché luu trix va truyén video hop tac da tang trong 5G
UDN nham cung cép cho ngudi ding di dong cac dich vu tién tién c6 chét luong dich vu va hiéu suét sir dung tai
nguyén cao.

2.2. Déi twong nghién ciru

= 5G UDN: tap trung vao nghién ciru cac md hinh, cac dic diém cia 5G UDN c6 nhiéu tang thiét bi thu
phéat gdm MBS, SBS (nhur microcell, picocell, femtocell) va truyén théng D2D.

= Video: c4c loai video chuan duoc ding phd bién, mé hinh mdi quan hé gitra méo va téc d6 ma hoa cua
video, cac co ché luu trit va truyén video trong 5G UDN.

= M0 hinh: méi quan hé x4 hoi, QoS va tai nguyén trong 5G UDN.

= Thuat giai: cac thuat giai nhdm giai bai toan téi wu qua trinh luu tri, chia sé tai nguyén va truyén video tir
MBS va SBS dén cac MU va giira cac MU véi nhau.



2.3. Pham vi nghién ciu

Trong luan an nay, NCS gi6i han cac pham vi nghién ctru lién quan dén k§ thuat, ngudi ding, mang va dich

vu ciing nhu toan va cac cong cu hd tro, cu thé nhu sau:

Vé ky thuat: luan an tap trung vao k¥ thuat luu trir va chia sé tai nguyén trong 5G UDN.

Vé nguoi dung, mang va dich vu: luan an tap trung vao dich vu va ing dung truyén video (VAS) trong
5G UDN, céc tiéu chi cia QoS, hiéu suat str dung tai nguyén, hanh vi va méi quan hé x& hoi cia nguoi
dung dya trén md hinh Buffet An Do (IBM — Indian Buffet Model).

V& toan va cac cdng cu hd tro: luan an tap trung vao cac thuat giai tim kiém, mot sé cong cu phan tich,
cdng cu mé hda video va md hinh duong cong dic tinh méo — toc do (Rate — Distortion) cua video.

2.4. Phwong phdp nghién ciru

Dé dat két qua phd hop véi cac muc tiéu nghién ctu, dua trén cac déi tuong can nghién ctru, 02 phuong

phap nghién ciru duoc 4p dung gom 1) Phuong phap phan tich va tong hop va 2) Phuong phép nghién ciru dinh
luong, cu thé nhu sau:

Phuong phap phan tich va tong hop: Phan tich va danh gia cac mé hinh va két qua nghién ciru duoc cong
bd lién quan, tir d6, xac dinh duoc cac vin dé con ton dong, nhitng cau hoi va y tuong, dat ra cac gia
thuyét nghién ciru ciing nhu khang dinh sy can thiét phai c6 md hinh va giai phap méi tot hon. Sau do,
cac két qua phan tich va danh gia s& duogc tong hop, lién két, két hop va té chic lai mot cach ¢ hé thdng
nhdm dé xuit cac md hinh va giai phap t6t hon dwa trén gia thuyét nghién ctru dugc dit ra.

Phuong phap nghién ciru dinh luong: Trong phwong phéap dinh luong, cac mé hinh dé xuét va cac yéu tb
lién quan dugc lugng héa bai cac biéu thic tinh toan. Cac biéu thirc tinh toan mo ta ban chat cua md hinh
hé thong duoc kiém dinh tinh dung dén théng qua viéc thuc hién mé phong va quan sat dap ang cua hé
thdng. Tinh wu viét cua giai phap dé xuat dwoc kiém chirng thdng qua viée d6i sanh véi cac giai phap cua
cac nghién ctru khac lién quan.

3. Nhiém vu nghién ctru va két qua dat dwogc
3.1. Nhi¢m vu nghién ciru

Nhiém vu nghién ctru 1: D& xuét co ché luu trix va chia sé tai nguyén tbi vu theo mdi quan hé xa hoi nguoi
dung nang cao dung lwong truyén video trong 5G UDN, md hinh toan cac thong sé cia md hinh dé xuét,
xay dung va giai bai toan tdi vu bang cac giai thuat tim kiém, mé phong tinh toan va danh gia hiéu qua
caa mo hinh.

Nhiém vu nghién ctru 2: Dé xuat co ché luu trir da phan giai va chia sé tai nguyén tbi uu theo nhu cau
ngudi diing nang cao chat lugng truyén video trong 5G UDN, md hinh toan cac thdng s6 cua md hinh dé
XUuat, xay dung va giai bai toan ti wu bang cac giai thuat tim kiém, mé phong tinh toan va danh gia hiéu
gua ctia mo hinh.

3.2. Két qud dat dirgc

Trong qua trinh nghién ctru va hoan thanh luan an, NCS di cong bd 2 bai bao 1SI va 1 bai bao hoi nghi

qudc té. Két qua nghién ciru cua luan an gop phan vao viéc ti wu luu trir va phan phdi tai nguyén Ia video nham
cung cap cho nguoi dung dich vu va chat lugng video tot hon.

Két qua 1: D& xuit co ché luu trit va truyén video cong tac da ting c6 quan tim dén hanh vi va méi quan
hé x& hoi cua nguoi ding (SCS) thong qua viéc tan dung tai nguyén luu trit va tai nguyén phé tin sin c6
cta cac phan tir trong 5G UDN.

Két qua 2: D& xuét co ché luu trit da phan giai va truyén video cong tac c6 quan tim dén nhu ciu ngudi
ding (CRS) thong qua viéc tan dung hiéu qua tai nguyén luu trir va tai nguyén phd tin sin c6 cua cac
phan tir trong 5G UDN.

4. B cuc luan an

Mé dau

Chuong 1:  Tong quan veé luu trir va truyén video trong 5G UDN

Chuong 2:  Luu trit va chia sé tai nguyén téi wu theo méi quan hé x& hoi nguoi diing nang cao dung
lwong truyén video trong 5G UDN

Chuong 3: Luu trit da phan giai va chia sé tai nguyén t5i vu theo nhu cAu ngudi ding nang cao chét
luong truyén video trong 5G UDN

Két luan



CHUONG 1. TONG QUAN VE LUU TRU VA TRUYEN VIDEO TRONG 5G UDN

1.1. Giéi thiéu vé 5G UDN

M® hinh ciia 5G UDN gom nhiéu tang, cung cap cho ngudi ding di dong (MU — Mobile User) nhiéu dich
vu va g dung khac nhau, dugc mé ta trong Hinh 1-1. Trong mé hinh nay, tang trén sir dung déi pho tan cao hon,
tin hiéu manh hon véi toc d6 truyén cao hon, trong khi d6, khong gian dich vy va dién tich pha song s& duoc ma
rong hon nhd VAo c4c tang trung gian va tang thap [2,52]. 5G UDN s& cho phép két hop linh hoat cac ky thuat
truyén thong dya vao viéc tan dung va chia sé tai nguyén gitta cac phan ta/nhom phan tir trong mang nham dam
bao két ndi, dap ung nhu cau ngay cang cao cta ngudi ding.

Tuy nhién, 5G UDN van con nhiing thach thirc vé vat Iy ciing nhu qua trinh sir dung va khai thac dir liéu
cua MU nhu:
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Nhu vay, nhitng nghién ciru nhim dua ra cac giai phap khic phuc cac vin d& théch thirc néu trén trong 5G
UDN la cip thiét dé sir dung t6i wu ngudn tai nguyén, nang cao chat luong mang di dong va cai thién su hai long
cua nguoi dung.

1.2.  MB& hinh lwu trir va truyén video trong 5G UDN

Ky thuat Iuu trir && mang cac dich vu/tng dung/ndi dung, dic biét Ia cac dich vu va tng dung c6 dung
luong 16n va tée do dir liéu cao nhu truyén video (VAS — Video Appications and Service), dén gan véi MU hon,
la giai phap nham giai quyét bai toan tac nghén nhung lai khong lam thay doi kién trac hé thong.
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Hinh 1-2. M6 hinh lueu trir va chia sé tai nguyén cho cac dich vu va #ng dung
video trong 5G UDN
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Ky thuat luu trit gdm luu trit va truyén video don tang, luu trit va truyén video da ting. Luu trit va truyén
video don tang la ky thuat cho phép hé théng luu trir cac video tai ting MBS hoic tai ting SBS hoic tai ting
nguoi dung di dong (user tier) ¢6 kha nang luu trit (CU — Caching User). Luu trit va truyén video cong tac da ting
1a k¥ thuat luu trir video dugc thuc hién két hop tai nhiéu hon 1 tang trong 5G UDN (Hinh 1-2).

Trong luu trit da ting, mac di ky thuat s& phic tap hon so véi don ting, nhung cac MU dugc chon lya truy
Xuat video mot cach linh dong tir ting nao dugc xem la tot nhat. Cac nghién ciru lién quan dén luu trit da ting chu
yéu trién khai trén 2 tang (s& dugc trinh bay chi tiét trong Muc 1.3). Trong luan an nay, luu trit da tang duoc hiéu
1a 3 tang c6 két hop co ché chia sé tai nguyén pho tan kénh truyén xudng cua cac SU (Spectrum owning User)
cho truyén théng video tir thiét bi dén thiét bi (D2D — Device-to-Device). Cac tang s& phdi hop véi nhau trong
qua trinh Iuu trir va chia sé tai nguyén dé phuc vu MU maét céch tét nhat véi higu qua sir dung tai nguyén cao nhat.

1.3. Cac thuit giai &ng dung trong bai toan téi wu lwu trir va truyén video

Luu trit két hop chia sé tai nguyén téi vu 1a ki thuat da va dang duoc nhidu nha nghién ctu thuc hién tng
dung trong truyén video qua 5G UDN dat hiéu qua cao véi chi phi thip. Cac bai toan téi wu luu trit nay thuong
duoc giai bang cach tim cac chi s6 xac dinh vi tri luu trir va chon lya/phéan b tai nguyén trong hé thong dudi dang
vector hodc ma tran va cac chi s thuong duoc gan gia tri 1 (hodc 0) c6 nghia 1a hé théng cd (hoic khong) luu trix
hodc/va co (hoic khong) chia sé tai nguyén. Dé tim két qua téi vu, cac thuat giai tim kiém téi vu da dugc dé xuat
dé giai cac bai toan trén nhu tim kiém vét can [18, 54-57], quy hoach dong [50], thuat giai hoc ngau nhién
(Stochastic Learning), thuat giai hoc ngau nhién [40], thuat giai tro choi [43], thuat giai tham lam [58], va mét s6
thuat giai heuristic [25, 59]. Mdi thuat giai déu cd nhitng wu va nhugc diém riéng vé do chinh xac, do phuc tap vé
thoi gian va dung luong tinh toan. Trong luan &n nay, thuat giai di truyén (GA) s& dugc duoc chon lya dé ap dung
cho viéc giai cAc bai toan téi wu luu trir va chia sé tai nguyén trong cac chuong tiép theo. Bong thoi, thuat giai
dan doi (BA — Bat Algorithm) ciing duoc thuc hién dé khiang dinh tinh hiéu qua cua thuét giai GA. Ngoai ra, thuat
giai EA ciing duoc sir dung vi don gian, cho két qua chinh xéac, phui hop cho bai toan c6 khéng gian tim kiém nho,
ciing nhu dugc dung dé lam thuéce do do chinh xac cho cac thuat giai GA va BA.

1.4. Téng két chwong 1

Chuong 1 da giéi thiéu tong quan vé 5G UDN véi nhitng wu diém néi bat ciing nhu nhiing thach thic can
nghién ctru. Ngoai ra, co ché luu trit va chia sé tai nguyén trong 5G UDN ciing duoc trinh bay mét cach tong quat.
Céc uu diém va nhuoc diém cua cac mé hinh, co ché luu trit va chia sé trong cac cdng trinh nghién ctu lién quan
cling dugc phan tich va danh gia chi tiét. Chuong 1 ciing gidi thiéu cac thuat giai nhu toan vét can, thuat giai di
truyén, thuat giai dan doi, 1a nhitng thuat giai s& duoc trién khai, so sanh va ap dung dé giai cac bai toan ti uu
trong Chuong 2 va Chuong 3. Tlr d6, cho thay rd dugc diém khac biét va nhiing dong gop ctia luan an.

CHUONG 2. LUU TRU VA CHIA SE TAI NGUYEN TOI UU THEO
MOI QUAN HE XA HQI NGUOI DUNG NANG CAO DUNG LUQNG
TRUYEN VIDEO TRONG 5G UDN

2.1. Giéi thiéu co ché SCS

Trong mang 5G, lugng I6n két ndi cua céc dich vu yéu cau tée d6 va dung lwong dir liéu cao nhu cac dich
vu truyén video s& gay tic nghén tai cac tuyén truc cua cac MBS. Mic di 5G UDN duoc coi la mét kién tric day
hira hen dé giai quyét cac van dé vé sb luong két ndi, nhung tic ngh&n mang van cé thé xay ra lam han ché dung
luong phéan phéi video dén MU. Trong Chuong 2, co ché luu trit va chia sé tai nguyén t6i uu theo méi quan hé xa
hoi nguoi dung (SCS) duge dé xuat nham téi da dung lwong phan phéi video trong 5G UDN. Co ché SCS s& lam
giam tic nghén tai MBS bang cach cho phép MU truy xuét video mét cach linh dong tir 3 tang caa 5G UDN gdm:
tang MBS, tang FBS va tang ngudi dung tir cic MU khac. Trong d6, cac MU bao gdm nhiing cap Transmitter
(TX) va Receiver (RX) trong truyén théng D2D (TX-RX) va cac MU chia sé tai nguyén phé tan kénh truyén
xudng (SU) dé cho phép thiét Iap cac phién truyén théng video D2D. Van dé dwoc dit ra 1a 1am thé nao dé co ché
SCS phan phéi cac video dén cac MU véi dung luong cuc dai.
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Dé giai quyét van dé trén, bai toan SCS duoc xay dung va giai dé chi dinh FBS nao luu trit video ndo va
chi dinh SU nao chia sé tai nguyén phd tin kénh truyén xuéng cho cip truyén thdng D2D nao, sao cho dung luong
phan phéi trung binh dén cac MU la cyc dai. Nham nang cao hiéu qua cta co ché SCS, bai toan téi uu ¢ xét dén
mdi quan hé x& hoi cua tirng cap TX-RX va ¢ xét dén rang budc vé dung lugng luu trit tai cac FBS. Hon nita, do
SU chia sé tai nguyén pho tan kénh truyén xudng caa né cho truyén thoéng D2D tir TX dén RX, viéc TX dung lai
pho tan kénh truyén xuéng nay sé gay can nhiéu Ién SU. Vi vay, bai toan SCS ciing xem xét dén rang buoc vé
gidi han dudi ciia SINR tai SU dé dam bao chat luong cho SU. Nhiing wu diém cua co ché SCS duoc kiém ching
thong qua céc két qua md phong va so sanh véi cac co ché thong thuong khéac. Céc cong trinh cong bé lién quan
dén Chuong 2 gom [C1] trong phan “Danh muc cac cong trinh di céng bd cua nghién ctru sinh” & cudi luan an.

2.2. Md hinh hé théng véi co ché SCS

Trong chuong nay, mé hinh Data links @SU /\ Femtocell cache
truyén video trong 5G UDN Véi co e e ekl AT @ owane
ché SCS dugc mé ta nhu Hinh 2-1. / devics tayer o QY o A
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Hinh 2-1. Md hinh hé théng cia SCS

Budc 1 — Céap nhat cac thong sé: Trong budc ndy, MBS sé& cap nhat cac théng sb cua hé thong nhu sé FBS
(J) @& luu trix video, s6 SU (K) dé chia sé tai nguy@én phé tan kénh truyén xudng, sé TX-RX (N) cho truyén thdng
D2D, s6 video (1), mdi quan hé x& hoi cua cac cap TX-RX, biang thong hé thdng, dic tinh kénh truyén va céc
thong sb khac nhu duoc liét ké trong Bang 2-1.

Budc 2 — Xay dung va giai bai todn t6i wu SCS: Dya trén cac thong sé & Budc 1, MBS sé& xay dung bai
toan toi wu SCS va giai bai toan ndy nham tim ra s lwong ban sao luu téi wu cia mdi video dé cuc dai s6 ban sao
lwu triv trung binh trong hé théng (ting ty 1é truy suat thanh cong video); cac chi sé luu trit ti wu uji, Véi
j=12.,Jvai=12.1 vacic chi so chia sé tai nguyén phd tan kénh truyén xuéng téi wu vy,
k=1,2,..,Kvan=1,2,.N; nhim cuc dai dung lugng phan phdi cua hé thng. Trong do:

uji = 1 nghia 1a FBS tht j quyét dinh luu trit video tht i, nguoc lai thi uj; = 0 va

Vkn = 1 nghia 1a SU thwr k quyét dinh chia sé tai nguyén kénh truyén xudng cua né cho cap TX-RX tht n,
nguoc lai thivin =0

Budc 3 — Trién khai SCS: Cubi cung, dua vao két qua tdi wu sau khi giai bai toan SCS, MBS s& cong tac
V6i cac FBS va cac TX dé phan phéi cac video duoc luu trir dén cac SU va TX (phan phdi boi MBS va FBS) ciing
nhu dén cac RX (phan phdi bai TX) véi dung luong cuc dai.
2.3.  Tinh toan céc thong sé ciaa hé théng véi co ché SCS

Nham thuan tién cho viéc tinh toan cac théng sé cua hé thdng, cac ky hiéu cua cac thdng sé dugc mo ta
trong Bang 2-1. Tur h¢ thng vaoi muc tiéu néu trén, ta c6 thé nhan thay cac thong s6 can duge mé hinh va tinh
toan cho bai toan t6i wu SCS bao gom: mbi quan hé xa hoi cua cac cap TX-RX va ty sé tin higu trén nhiéu (SNR
— Signal-to-Noise Ratio) hoic ty sé tin hiéu trén can nhidu va nhidu tring (SINR) cua céc kénh truyén khdng day



dé 1am co sé tinh toan dung lugng kénh truyén. Tir d6, ta c6 thé tinh dugc dung lugng phan phéi trung binh cua
hé thdng — 1a ham muc tiéu caa bai toén t6i vu SCS.

Bang 2-1. Cac ky hiéu sur dung cho bai todn SCS

Ky hiéu Dién giai
I S video
J S6 tram co s nho femto (FBS)
K S6 nguoi dung di dong chap nhan chla sé tai nguyén pho tan kénh truyén xuéng (SU)
N S6 cap truyen théng D2D, mdi cap gom mot nguoi dung di dong luu trir video (TX —
Transmitter) va mot ngudi dung nhan video (RX — Receiver).
Thoi gian ti thiéu dé truyén video thiri, i =1, 2,..., | (t0y thudc vao do dai cua mdi video)
Sni XA&c suat dya trén moi quan hé x& hoi dé xem xét kha nang cap TX-RX thi n ¢é truyen thanh
cdng video thu i hay khong
uj Chi s6 Iuru trit video tai FBS, u;; = 1 nghia la FBS tht j quyét dinh luu video tht i va nguoc
lai.
vin | Chisd chia sé tai nguyén pho tan kénh truyén xuéng: v, , = 1 nghia la SU thu k dong ¥ chia
sé phd tan kénh truyén xudng caa né cho cap D2D tha n va nguoc lai.

P Cong suat phat cua tram co s 16n (MBS)

P! Cong suat phat caa tram co s¢ nho femto (FBS) thr j

P} Cong suat phat ciia TX thir n trong cap truyen thdng D2D th n.
Gyy Do loikénhgiraX va, trong d6 x vay la cac chi s6 cia X va Y

N, Cong suat nhiéu trang Gaussian (AWGN — Additive White Gaussian Noise)

W Bing thong hé thong

T Ty Ié truy xuat (hay do noi tiéng) cua video thi i
Bn Phan trim dung luong luu trir cOn trong cua TX thi n
Pni | XAcsuat dé TX thir n quyét dinh luu video thi i
Yo Gidi han dudi ti 6 tin hiéu trén can nhiéu va nhiéu trang (SINR) tai SU

R Dung lwong phan phéi tir MBS va FBS dén SU
Ry Dung lugng phén phéi tir MBS va FBS dén TX
Ry Dung lugng phén phoi tir MBS, FBS va TX dén TR

2.3.1. Méi quan hé x& hgi giira cac cap D2Ds
M&i quan hé xa h6i gitta TX va RX cua cap D2D thtr n duge ding dé tinh xac suat truyén thanh céng video
thir i trong thoi gian T,

5TTlanl
8Tin : : Y ("n' On (2.5)
s-=1—f uKk,,0)du=1———— =~

n, 0 f n n F(Kn)

2.3.2. Kénh truyén khong day
Dic trung ciia kénh truyén khong day 1a d6 lgi kénh G;(Cg = hX v gX v, trong do:
X e {M, F, T} la viét tit cua {MBS, FBS, TX} va Y € {S, T, R} la viét tit caa {SU, TX, RX}.
V6i hyy 1a hé s6 fading phan phdi mii c6 trj trung binh 1a 1 (~ exp(1))
Va gyy = [ldl|™" véi i 1a hé sb suy hao cong suat theo s6 mii va d 1a khoang cach gita X va Y.
2.3.3.  Dung Iwong phan phéi hé thong

2.3.3.1. Dung luong phan phai dén SU
SNR tai SU thu k tir FBS thir j dugc thé hién nhu sau:

JJk
w;,iPr G

kal_
F.S
No

(2.7)



SINR tai SU tha k tir MBS dugc tinh nhu sau:

J 00k
0k,i _ l_[j=1(1 - ”j,i)PMGM,s

MS N n-nk
NO + Zn=1 Sn,ivk,npn,iPT GT,S

(2.8)

Pn,i 12 X4C suat dé TX tha n luu trir video th i, duge x4c dinh boi 29
Pn,i = arj + b.Bn
véia, b e [0,1], a+ b =1 va do6 ndi tiéng caa video tht i duoc tinh theo phan bé Zipf-like [88], nhu sau:

l-—a

i

V6i a > 0 thé hién cho do léch noi tiéng giita cac video khac nhau. Nghia 1a néu o = 0 thi tat ca cac video

T (2.10)
F Y4 \ 1 Y . ’ ~ \ A lA A= p= R s~ 4 H p
¢6 cung do noi tieng la T khi gia tri & cao hon c¢6 nghia 1a d6 Iéch noi tiéng gitra cic video cang cao.

V6i bang thong hé thong 1a W va s6 video 12 1, dya vao dinh luat Shannon, ta tinh dwoc tong dung luong
phan phdi hé théng dén cac SU nhu sau:

I K ]
Rs=W Z riz log,(1+ yys') + Zlogz(l + ijl’_’;’i (2.11)
=1 k=1 =1

2.3.3.2. Dung liong phan phéi dén TX
Tuong ty nhu véi cc SU, dung lwong phan phéi tir FBS thir j va MBS téi TX thir n duoc tinh thong qua
SNR tai TX thir n nhu sau:

Jrim
_ U;iPp Gy

i - (2.12)
] 0,
omi _ i=1(1 —w)PuGyy (2.13)
M,T — N
0
Tir (2.12) va (2.13), dung lugng phén phdi tir FBS thir j va MBS téi TX tht n nhu sau:
I N J
Rpr=W Zri Z log,(1+ yyr') + Z log,(1+ yir" (2.14)
i=1 n=1 j=1

2.3.3.3.  Dung lwong phan phéi dén RX
Dung luong phan phéi dén RX tir MBS, FBS va tir TX qua truyén thong D2D duoc tinh théng qua SINR
va SNR tai RX, cu thé nhu sau:

SINR tai RX thtr n duoc tinh trén hé thong tir TX thi n:

nki Sn,ivk,npn,iP’FG’;l,,}?
TR = 0,07 N 1 AL (2.15)
No + PGy + Zi=1,12n St,iVi,iP1iPr Gr g
SNR tai RX thtr n duogc tinh trén hé thdng tir FBS tht j nhu sau:
jnim
ki W,i(1 = SniVinPni )P Gl (2.16)
F,R - N
0
SNR tai RX thar n duoc tinh trén hé thdng tir MBS nhu sau:
] 0,
omki Hj:l(l - uj,i)(l - Sn,ivk,npn,i)Pl\gl GM;L? (2.17)

M,R - NO

Nhu vay, tong dung lugng tir MBS, tir FBS va tir TX dén RX duoc tinh nhu sau:



I N K J
RR=W Z T Z z log,(1+ vy + log,(1 + vi') + Z log,(1+ yé";’k’l)‘ (2.18)
i=1  n=lk=1 =
Cudi cling, tir cac cong thuc (2.11), (2.14) va (2.18), ta c6 tong dung luwong trung binh hé théng cho mdi
MU duoc tinh nhu sau:
Rs + Rr + Rp
K + 2N

(2.19)

2.4. Baitoan toi wu SCS va thuat giai vét can

Bai toan tinh toi wu SCS s& bao gom ham muc tiéu (2.19) va thoa 2 rang bugc gom 1) dung lugng luu trix
c; ciia FBS va 2) ngudng SINR dé dam bao chét lugng cho SU. Bai toan duogc trinh bay nhu sau:

um,%zfnR (2.20)
J
(z uj,i < Ci,i = 1,2,...,1
.47t 2.21
s.t.y 7y po GOk (2.21)
n o~k MUps _ .
Z Sn,iVinPn,iPr Gric < ” —No,k=12,....K,i=12,...,1
0
n=1

Trong d6, c; la sé ban sao téi wu cua video thir i dwoc luu trit trong hé thdng sao cho tong sé ban sao trung
binh cua tat ca cac video | cuc dai bang cach giai bai toan quy hoach tuyén tinh sau:

1
max 2 T;C (2.22)

! i=1
0<¢ </i=12..1
s.t. 2’ G <0l <C < I (2.23)
i=1

Bai toan nay duoc gidi bang cach sir dung thuat giai vét can [54] dé tim nghiém cta U;; va Vigy duoc trinh

bay trong Thuat giai 2.1.

Thuit giai 2.1: Tim kiém vét can
1 Input: tham sb hé thong duoc liét ké & Bang 2-2
Khai tao 2 khong gian tim kiém ma tran kha thi U* € U va V* € V thoa diéu kién (2.23)
2 Output:
R* : cuc dai dung lwong phan phéi trung binh dén cac MU
{Uj1, Vgn}
For moi ma tran Uj; trong U™ do
For mdi ma tran Vi trong V* do
R(Uj;,Vgn) = R, tinh cong thic (2.19)
R« R U Ry, Vin)
End for
End for
R* = max R
{U};, Vgn} = argmax R

QO OWoo~NO Ok W

(BN

2.5. Panh gia két qua co ché SCS
2.5.1. Thiét Igp thong sé hé théng

Dé thuc hién mo phong danh gia hé thdng, cac tham sé dau vao duoc thé hién trong Bang 2-2. Nham thusn
tién trong tinh toan nhung khong lam mét di tinh tdng quét, tdi bé qua anh huéng cua hé sb fading (fading co-
efficient) va chi quan tam toi suy hao theo khoang cach dwong truyén véi hé sé mii suy hao 1a 7 = 4 va khoang
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cach tir MBS dén MU trong pham vi 300m dén 1500m, tir FBS dén MU trong pham vi 50m dén 250m, tir SU dén
TX trong pham vi 50m dén 100m, va tir TX dén RX trong pham vi 1m dén 50m. Trong mdi danh gi4, co ché SCS
dugc so sanh véi 4 co ché khac gom: 1) Khong xét dén yéu té xa hoi (None-SOA), 2) Khong chia sé tai nguyén
pho tan kénh truyén xubng (None-DRS), 3) Trung binh cua dung lugng phan phéi (AVE) va 4) Cuc tiéu cua dung

lugng phan phdi (MIN).

Bang 2-2. C4c tham sé dau vao cho bai toan SCS

Tham sb Gia tri
I,]J,K,N 5 video, 3 FBS, 3 SU, 5 cap TX-RX
(6,) (5, 10, 20, 15, 25) [46]
(x) (1,4, 3,2,5) [46]
(Th.) (1, 15,10, 5, 20) s
8, a, vo, Ny 10, 2, 5dB, 10~ 13W
W, P, PJ,Pr | 5MHz,5W, 1W, 0.1W
a,b,C* 0,5;0,5; 0,7x IxJ

2.5.2. Ddnh gid co ché SCS

2.5.2.1. Pdnh gia SCS theo C*

Truéc tién, co ché SCS duoc danh gid theo dung lwong luu trit cia FBS bing cach dit
C* ={0;0,1;0,2;..; 1}xIx/, va so sanh vai cac truong hop None-SOA, None-DRS, AVE va MIN. Nhu dugc
hién thi trong Hinh 2-2, chon C*= 0,7x1xJ phi hop nhit. Khi ting C*, co ché SCS ludn dat hiéu suat cao hon so
V6i cac cac co ché None-SOA, None-DRS, AVE, MIN. Tuong ty, truong hop None-SOA va None-DRS cho dung
lwong t6t hon so véi AVE va MIN, trong khi MIN 1a truong hop xau nhat. Két qua truong hop None-SOA va
None-DRS twong dwong nhau cho thay ring c6 quan tim dén méi quan hé xa hoi nguoi dung va c6 chia sé tai
nguyén dong vai trd quan trong nhu nhau trong viéc nang cao hiéu suit hé théng.

2.5.2.2. Ddadnh gia SCS theo 6

Hinh 2-3 m6 ta danh gia dung luong phan phdi hé thong cia co ché SCS, None-SOA, None-DRS, AVE va
MIN theo d6 dai (thoi lwrong) cua video bang cach thay ddi & trong cong thic (2.5) tir 1 dén 40. Két qua Hinh 2-3
cho thay co ché SCS cho két qua tét hon cac co ché khac va dung lugng hé thng co xu hudng giam xudng bang
None-SOA va None-DRS khi & qua thap (hoic qué cao). Diéu th vi la ta c6 thé diéu chinh thoi luong cua video
dé dap ung cac méi quan hé xa hoi ciia cac cap TX-RX nham dat duge dung lwong hé théng cao nhét (vi du: tai
8 = 10).

450 ‘ . . ‘ . — 450 :
e oo ? ¢ © A
= a00 - ; | = 400 = 5 =
o Q
=} =)
= =}
= 350 = 350
3 3
g 300 1 & 300 8
= T =
@ [l
2 250 2 250 1
[
‘é‘ Z o ey &
3 200 - & 200 - ]
5 &
g, 150 2 150 |
@ =3 i e =3 E
2 ¢
< 100 < 100

—&— 5GS —%— None-SOA None-DRS —%— AVE —&— MIN

None-DRS —#— AVE —&— MIN|

[—6—sCs —%— None-50A
50 : : : : : : ‘ ‘ 50 & A s il > p
{0, 01, 02, 0.3, 04, 05 08, 0.7, 0.8, 0.9, 1}xJ 5 10 15 20 25 30 35 40
C* )
Hinh 2-2. Ddanh gid dung hrong hé thong theo kha ~ Hinh 2-3. Dung lirong hé thong theo hé sé thoi heong
nang luu triv cua FBS video

2.5.2.3. Ddnh gia SCS theo «
a 1a hé s6 mii lién quan dén do léch vé sy néi tiéng giita cac video. Trong danh gid nay, ti cho « thay doi
gia tri tir 0 dén 3. Két qua dugc thé hién nhu Hinh 2-4. Trong hinh nay, khi ting o, két qua cho thay rang viéc
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khai thac do léch néi tiéng giita cac video cé thé cai thién hiéu ning hé théng. Néu tit ca cac video c6 cing do
ndi tiéng, tac 1a o = 0, co ché SCS khdng c6 duoc loi ich cao khi so véi None-SOA va None-DRS. Tuy nhién,
SCS dat dung lwong phan phéi hé théng cao hon khi ting . Ngoai ra, viéc tap trung phuc vu mét sb video c6 do
noi tiéng cao hon (khi « ting) s& mang lai dung luong hé théng cao hon. Va qua danh gia nay, co ché SCS van
cho dung luong hé thdng tét nhat so véi None-SOA, None-DRS, AVE va MIN.

450 T T T - - 450 T T T T T T T

B
o
o

T
b4
ok
%

1
B
=}
S

w
aq
o
T
[o+]
[+
(=}

I
1
:
'
!

N
j=1
o
T
n
o
o

-

w

o
w
o

Average system delivery capacity (Mbps)
%
Average system delivery capacity (Mbps)
ny
(93]
o

ZE g ; ; 2 A, A A A A A
100 - | 100 None-S0A None-DRS | |
—©— SCS —%— None-SOA None-DRS —%— AVE —&— MIN SOIWS
50 ‘ [ I ‘ ‘ ! . . . . . . . .
0 0.5 1 15 2 25 3 0 1 2 3 4 5 6 7 8 9 10
o N
Hinh 2-4. Dung lwong hé thong theo o Hinh 2-5. Dung lwong h¢ thong theo so cap D2D

2.5.2.4. Danh gia SCS theo N

Panh gia dung lugng hé théng bang cach thay d6i s6 luong cap TX-RX N tir 0 dén 10 (Hinh 2-5). D& dang
thay rang néu N = 0, hé thdng khong thu dugc bat ky loi ich nao tir viéc chia sé tai nguyén pho tan kénh truyén
xudng va mdi quan hé xa hai vi khéng co truyén thong D2D. Do d6, SCS, None-SOA va None-DRS ¢ cuing két
qua va dung lugng phan phdi hé thong thap. Néu N tang, dung luong phan phdi hé théng sé cao hon va khi N ting
dén mot mirc nao @6 thi dung luong phan phdi hé thong tré nén béo hoa. Tinh trang b&o hoa l1a do céc rang budc
ddi vai SINR caa SU lam gisi han sé lwong cac cap truyén théng caa D2D. Trong trudng hop ¢6 nhiéu cap D2D
day dac cua 5G UDN, chiing ta can than trong chon sé lugng cap TX-RX sao cho SINR caa SU dugc dam bao va
dung lugng phan phdi hé thng du cao trude khi dat dén tinh hudng bdo hoa. Két qua ching minh rang SCS van
cho dung luong hé thdng tét nhat so véi None-SOA, None-DRS, AVE va MIN.

2.5.2.5. Ddnh gid hé thong theo J

450
700

— s — 3 : % # —————————
= 600 o =
= e =350 ¢
& i z
S 500 . o g L
g - & 300 - —
g 400 g~ 1§
2 7 S 250t
3 o — 2
£ 300 f o T x
2 /X/ / 2z 200 1 7
W g 5
@ 200 - — @
o 200 F 4 — S 150 -
5 s %
5 o - s
Z0y Z 100 ]
g [—e—scs —%— None-soA None-DRS —#— AVE —&—MIN|
[—o—scs —x— None-soA None-DRS — % — AVE —A— MIN| B N N
0 , : : ; o S— : ‘ I
0 1 2 3 4 5 -15 -10 -5 0 5 10 15
J 7, (dB)
Hinh 2-6. Dung luong h¢ thong theo so luong FBS Hinh 2-7. Dung lwong hé thong theo Gamma

Hinh 2-6 biéu thi dung lugng phan phdi hé thdng theo sb Twong FBS J. Két qua cho thiy sb luong FBS anh
huéng dang ké dén dung luong phan phéi hé théng. Khong gidng nhu khi ting s6 lwong cip D2D, viéc ting sb
lwong FBS trong 5G UDN lam cho dung lwong phan phéi hé thong dugc cai thién nhanh chéng ma khéng bi bdo
hoa vi céc diéu kién dbi voi can nhiéu lién ting va dong tang khong duoc xem xét nho st dung md hinh phén
kénh va F-ALOHA [47, 48].
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2.5.3. Bdnh gid hé théng theo »

Trong phan nay, toi kiém ching hiéu niang hé thong dudi tac dong bai ngudng SINR (y,) cua SU nhu dugc
md ta trong Hinh 2-7. Nhu két qua dwoc md ta trong Hinh 2-7, khi y, ting, dung lwong phan phdi hé théng cua
SCS va None-SOA giam va giam dan bang véi dung lwong phan phéi trong truong hop None-DRS. Ly do 1a néu
Yo thap, nhiéu cap TX-RX duoc thiét 1ap nho tai nguyén kénh truyén xudng duoc chia sé boi SU nén dung luong
phan phdi hé théng cao hon. Nguoc lai, néu y, cao, sé cap TX-RX s& it di dé giam can nhidu Ién SU nén dung
luong phén phdi hé théng thap hon. Dung luong phan phéi hé thong cia MIN ting vi khi y, tang, nhidu ma tran
g vién gay ra tac dong nhiéu cao cho SU duoc loai khoi khong gian tim kiém V. R6 rang thay rang, két qua cua
None-DRS khéng bi anh huéng bai y, vi khong c6 hiéu tng nhiéu tir truyén thong D2D trén SU. Trong truong
hop nay, co ché SCS ciing cho két qua t6t hon None-SOA, None-DRS, AVE va MIN.

2.5.4. Bdnh gid hé théng theo khodng cach giiza MBS va cac MU

Cubi cung, t6i danh gia dung lugng phan phdi hé théng theo khoang cach gitta MBS va MU:
d1e[5;10]lm, d2e[10;20]m, d3e[20;100]m, d4<[100;500]m, d5[200;1000]m, d6<[300;1500]m, d7<[400;
2000] m va d8e [500;2500] m. Trong d4nh gia nay, t6i chi xem xét dung lwong hé théng ciia SCS véi sé luong
FBS J khéac nhau tr 1 dén 5. Két qua trong Hinh 2-8 cho thdy riang néu sd luong FBS thip (nghia la
J=1vaJ=2), cdc MU c6 nhiéu kha niang chi dwoc MBS phuc vu cho nén dung lugng phan phdi hé thong thap.
D& dang thay rang néu cac MU qua gan MBS, khi dé tat ca cac MU hau nhu chi dugc phuc vu béi MBS nén céc
MU déu nhan cing dung Iuong phan phdi cua hé thdng. Tuy nhién, néu sé luong FBS ting (tac 13, J =3, J = 4
va J = 5), cac MU c¢6 nhiéu kha ning duoc phuc vu thém bai FBS, nén khi d6 dung lugng phan phdi hé thong cao
hon. Do ta thiét lap kha ning luu trit cua FBS kha cao (C* = 0.7x 1xJ), nén di cac MU & rat gan véi MBS nhung
MBS khong phuc vu cac MU d6 ma chung da dwoc cac FBS phuc vu. Mot diéu thi vi ¢ day 13, ton tai khu vuc
tt nhat (tac 13, ds € [300, 1500] m) trong d6 cac MU duoc phuc vu véi dung lugng phan phdi hé thdng cao nhat
khi chiing khéng & qua gan va khong qua xa MBS. Néi cach khac, cac MU trong khu vire nay duoc phuc vu ti
vu béi su cong tac cua tit ca MBS, FBS va TX.

Dé hiéu rd hon, toi kiém chang thém cac kich ban mé phong khi dung luong luu trix caa FBS thap hon, cu
thé 1a C* = {0.6; 0.5; 0.4; 0.3} x | x J nhu trong Hinh 2-9.
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S 500 | ©
& o
ey @
& A A A A A ; °
2400& - dI d2 d3 d4 d5 d6 d7 d8 d1 d2 de d4 d5 dﬁ d7 dE
= S . .
3 2 (@) C = 0.6x1J (b) C = 0.5x1J
E 2 |—o—J —x—Jk2—A—u3 —»—d 35
00— 1
[
o 3600 600
& 200 | o SV
o Sa0] T 400
= —
= 100 P g £ B X — %
‘—e—‘ e Rt ] .J=I5‘ Z 200 R ; 200 *—)3
d d d d d d d d
1 2 3 4 5 6 7 8
Distance between MBS and MUs (m) d; 9 ds dy ds ds d; ds d, d; da dy d5 ds d; d&
(¢) C" = 0.4x1J (d)C" =0.3x1

Hinh 2-8. Dung liwong hé thong theo khodng cach ~ Hinh 2-9. Dung lirong hé théng theo khodng cach giira
gizza MBS va cac MU MBS va cac MU vagi C* thap hon

C6 thé thdy rang néu dung luong luu trir cia FBS qua thap (C*= 0.3x IxJ) (Hinh 2-9d), thi cac MU chu
yéu duoc MBS phuc vu khi chlng & gan MBS hon. Bac biét, trong truong hop di € [5, 10] m, hiéu suat caa SCS
12 nhu nhau ddi vai tat ca cac truong hop J =1, J =2, J =3 va J = 4 vi tit ca cac MU chi duoc phuc vu bai MBS.
R6 rang, néu C* tang, kha ning cAc MU duoc phuc vu boi MBS s& giam. Diéu quan trong |2 su gia ting cua ca
C* va J trong 5G UDN c6 thé giam tai luu lwong tuyén truc cia MBS.



12

2.6. Két luan chwong 2

Trong Chuong 2, t6i da dé xuat mot co ché luu trir va chia sé tai nguyén (SCS) téi uu c¢6 xét dén méi quan
hé x& hoi ciia nguoi dung dé phan phdi video véi dung lugng cao trong 5G UDN. Cu thé, viéc luu trit noi dung
video tai MBS, FBS va TX duoc sir dung dé dua video dén gan hon véi cac MU va tai nguyén phé tan kénh truyén
ciia SU duoc chia sé véi cac cap TX-RX trong truyén thong D2D. Dé hiéu qua hon, mdi quan hé x& hoi cua cac
cap TX-RX va do pho bién cua cac video duoc khai thac trong co ché SCS. Co ché SCS dugc phan tich can than
bang cach tinh dén ngudng SINR cua cac SU dé dam bao QoS cua ching. Ngoai ra, két qua ciing cho thay rang:
1) ton tai mot gia tri thoi lugng trung binh cho nhém cac video duoc quan tam va 2) ton tai khu vuc tét nhat ma
& d6 hé thong dat duoc dung lwong phan phéi cao nhat. Nhitng phét hién nay cé thé gitp ca nha cung cap dich vy
Internet va nha cung cip ndi dung hiéu rd hon vé dic diém cia 5G UDN dé phuc vu cac MU hiéu qua hon.

Tuy nhién, co ché SCS van con nhiing han ché nhu: 1) chua quan tdm dén d6 phan giai cua thiét bi nguoi
dung, tir d6, xac dinh nhu cau ngudi dung dé luu trir video véi cac phién ban khéc nhau (chat lugng/do phan giai
khéc nhau) nham dong thoi st dung hiéu qua dung lugng luu trit va dép g duoc nhu cau ngudi ding; 2) cac cap
thu phat video D2D duoc dinh sin, nghia 13, chwa cho phép thiét bi thu chon lya thiét bi phat c6 luu trit video
duogc yéu cau; va 3) théng sb danh gia hé thong 1a dung lwong phan phéi video (dugc tinh bang bps) khong dic ta
dugc chat lugng video tai dau thu mét cach tuong minh. Nhiing han ché nay s& duoc khic phuc trong Chuong 3.

CHUONG 3. LUU TRU PA PHAN GIAI VA CHIA SE TAI NGUYEN TOI UU THEO
NHU CAU NGUOI DUNG NANG CAO CHAT LUQNG TRUYEN
VIDEO TRONG 5G UDN

3.1. Giéi thiéu co ché CRS

Chuong 3 trinh bay co ché luu trir da phan giai va chia sé tai nguyén téi uu (CRS) theo nhu cau nguoi ding
nham nang cao chat luong truyén video trong mang 5G siéu day dic (UDN). Co ché CRS mot mat van cho phép
ngudi dung di dong (MU) truy xuét video linh hoat tir 3 tang gém: tram co s& chinh (MBS), tram co s nho femto
(FBS) va tir nguoi dung khéac ¢6 luu trir video (CU) théng qua truyén thdng tir thiét bi dén thiét bi (D2D), mat
khéc khic phuc nhiing van dé ciia co ché SCS trong Chuong 2 lién quan dén céch thirc luu trix, chia sé tai nguyén
va théng s6 danh gia hé thong.

Vé cach thire Tuu trit, co ché CRS ¢6 xem xét dén do phan giai cua thiét bi nguoi ding, tir d6, xac dinh nhu
cau ngudi dung va luu trir video vai cac phién ban c6 d6 phan giai (chat lugng) khac nhau nham st dung hiéu qua
dung lugng luu trir dap tng nhu cau ngudi ding. Vé cch thic chia sé tai nguyén, co ché CRS cho phép nguoi
dung thong thuong (NU — Normal User) chon lya CU va chon lya nguoi dung so hitu phd tan (SU) dé thiét lap
b 3 (SU, CU, NU) cho phién truyén thong video D2D, thay vi thiét 1ap bo 2 giita SU va cip (CU, NU) duoc dinh
san nhu trong co ché SCS. Viéc thiét 1ap bo 3 s& cho phép mé rong su lva chon dé co dugc phién truyén thong
video D2D t6t nhét. Vé thong s6 danh gia hé thong, trong Chuong 3, hidu suat hé thong dugc danh gia tuong
minh hon bang cach chuyén ddi dung lugng phan phéi video sang ti s6 tin hiéu cyc dai trén nhiu (PSNR) duoc
do luong bang dB, théng qua mdi lién hé giira dung lugng va chat luong video va cac budc tinh toan xac suat dat
dung lugng trung gian.

Tir nhitng cai tién néu trén, bai toan CRS dwoc xay dung dé xac dinh dong thoi: 1) video dugc phan phdi
tir ting nao, 2) video véi d6 phan giai ndo s& duogce luu trit trong FBS ndo, va 3) céc bo 3 (SU, CU, NU) nao duoc
chon? Muc tiéu cua co ché CRS 1a cuc dai chat luong phat lai (playback) video va sir dung hiéu qua dung luong
luru triv tai FBS theo nhu cau nguoi ding. Cong trinh nghién ctu lién quan dén Chuong 3 1a [C2] va [C3] duoc
trinh bay tai “Danh muc c4c cong trinh di cong bd cua nghién ctru sinh” & cudi luan an.

3.2.  M& hinh va tinh toan céc thong sb hé théng

3.2.1. M0 hinh h¢ théng
Trong Chwong 3, mé hinh truyén video trong 5G UDN véi co ché CRS duoc dé xuat nhu Hinh 3-1. Cac
thdng s tinh toan lién quan dén mo hinh duoc liét ké va dién giai trong Bang 3-1.
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Trong md hinh nay, co
mot MBS, J FBS, va cac MU cG = & Cached videos
nhu cau truy xuat noi dung video
bao gdm K nguoi ding sin sang
chia sé tai nguyén phd tan kénh
truyén xubng (SU), N ngusi ding . W)
da luu trit mot s video c6 do phan - ((A - Fesy,

su‘ P
giai khac nhau (CU), M nguoi sU; MA m
dung thong thuong (NU) va | FBS‘ NUm1 = (( D=

Streaming links
— — — - Interference links

-
CU4

video. Video tha i, i=1, 2,..., I, CUv ™ ias,
c6 V; mirc phan giai duoc ma hda = ““3 NUm

& cac toe do khac nhau twong ng )

Vvé6i cac mirc chat luong khac nhau. Hinh 3-1. M0 hinh hé thong cua CRS

Céc video nay dugc gii tir MBS dén cac MU thdng qua kénh truyén di dong thong thuong, tir FBS dén cac MU
bang cach sir dung cac co ché phan kénh va F-ALOHA d¢é tranh can nhiéu [48] va tir CU dén NU qua truyén thong
tir thiét bi dén thiét bi (D2D) bang cach tai sir dung tai nguyén pho tan kénh truyén xudng duoc chia s¢ boi SU.

Bang 3-1. CAc ky hiéu sur dung cho bai toan CRS

Ky hiéu Dién giai
I S6 video
J S6 tram co so nho femto (FBS)
K S6 ngudi dung di dong chap nhan chia sé tai nguyén pho tan kénh truyén xudng (SU)
N S6 nguoi dung di déng da luu trit cac video (CU) c6 do phan giai khac nhau
M S6 nguoi dung di dong thong thuong (NU)
V; S6 muc phan giai cua video tha i, i=1, 2,..., I
Chi s chia sé tai nguyén pho tan kénh truyén xudng, khi w¥,,, = 1 thi SU tha k s& chia sé
wk o, kénh truyén xuéng caa n6 cho CU tha n va NU thtr m thuc hién truyén video qua truyén
théng D2D
e Chi s6 luu trir video tai FBS, khi u;* = 1 thi FBS thu j luu phién ban video v; va nguoc
J lai
PY Cong suat phét cua tram co s& 16n (MBS)
p! Cong suat phat cua tram co s¢ nho femto (FBS) thr j
2 Cong suat phat cua thiét bi CU thir n trong truyén théng D2D.
Gk Do loi kénh tir MBS t6i SU k
N, Cong suat nhiéu trang Gausian (AWGN — Additive White Gaussian Noise)
w Bing thong hé thong
r Téng dung luong can co dé luu video thir i v6i cac mic phan giai khac nhau trong cac
F FBS theo tinh toan ”
Giéi han trén ve dung lugng bo nhé cua cac FBS d€ luu trir video thir i voi cac muc phéan
giai khac nhau, cu thé
; L = rixlxjxmax{Lvi v =12, ..V},
Lmax trongdo r, = i7%(Ti_, l‘“) 1a d6 ndi tiéng cua video véi hé s6 mii phan anh do léch
ndi tiéng o dugc mé hinh hoéa dudi dang phan phdi Zipf-like [45] va L]l-]i 1a kich thudc cua
video thtr i véi muc phan giai vi
C Tong dung lugng (bps) duoc yéu cau boi cac MU theo tinh toén
(o Gidi han trén vé tong dung lwong duoc y&u cau bai cac MU
uva o K VA o V6i 0 < u, 6 <1 lahé s dugc st dung dé diéu chinh giéi han trén L, va C”

Trong md hinh truyén video véi co ché CRS, gia st cac tham s6 hé thdng khong thay ddi trong qué trinh
truyén phién ban video dai nhat trong sé tit ca cac phién ban duoc yéu cau. Ciing can nhin manh thém rang co
ché CRS s& phuc vu hiéu qua cho cac MU trong khu vuc déng duc nhw, san van dong, phong hoa nhac, hai truong,
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bao tang, toa nha vin phong lam viéc, bénh vién, khudn vién trudng hoc, v.v.... Bat cir khi nao MBS dir doan cc')
su gia ting yéu cau truy cip cac video nao dé, thi né sé& thuc thi co ché CRS theo 3 budc: i) cap nhat cac tham s6
hé thong, ii) thiét lap va giai bai toan toi uu CRS, iii) truyén phét video, cu thé nhu sau:

3.3.

Dau tién, MBS thu thap cac thdng s6 cia hé thong nhu dic tinh kénh truyén; dung lwong luu trit cua FBS va
CU; thong tin video (cac mic phan giai, kich thudc, va mirc @6 pho bién cua ting video); dung luong yéu
cau bai cac MU; va ti s tin hiéu trén can nhidu va nhiéu tring (SINR) ciia SU cling cac théng sé lién quan
khac duoc trinh bay trong Bang 3-1.

Tiép theo, dwa vao cac thdng s6 caa hé thong, cac biéu thire lién quan dén ham muc tiéu va cac rang budc
dugc tinh toan dé xay dung bai toan tdi wu co rang budc CRS. Bai toan CRS s& duoc giai dé tim ra chi s6 u]'."'
t6i uu nham xéac dinh céc phién ban video pht hop va vi trf toi uu dé luu trir ching trong céc FBS (" =1
nghta Ia video thir i v6i muc phén giai vi duoc luu tri tai FBS j; va nguoc lai thi u/* = 0). Bong thoi, viéc
giai bai toan CRS ciing xac dinh dwoc chién lugc chia sé tai nguyén phd tan kénh truyén xudng téi wu, cu thé
12 tim ra chi s6 w¥,, t6i uu dé x4c dinh cac cac b 3 (SU, CU, NU) cho truyén thong video D2D (wk,, = 1
nghia 1a SU k ddng y chia sé pho tan kénh truyén xudng cua né cho CU n thyc hién truyén video dén NU m
qua truyén thong D2D; nguoc lai thi wk,, = 0). Phan bd cua cac CU dugc chia sé tai nguyén pho tan kénh
truyén xudng tr SU &, k = 1, 2, ..., K, dugc md hinh boi qua trinh Poisson dong nhét (Poisson Point Process)
vGi mat do A% [49]. Bai toan téi uu CRS ciing tinh dén céac rang bugc vé dung lwong ma cac MU yéu cau dé
phét lai (playback) video, vé& dung lugng luu trit ciia FBS dé st dung tai nguyén luu trir mot cach hiéu qua
va vé ti s tin hiéu trén can nhidu va giao thoa (SINR) dé dam bao chét lugng dich vu (QoS) cua SU.

Cudbi cung, tat ca cac video voi mic phan giai khac nhau duoc luu trong FBS ciing nhu tat ca cac bo 3 (SU,
CU, NU) duoc chi dinh dé sin sang truyén tir MBS, FBS va CU dén cac MU vai chat lugng phét lai cao
dong thoi dép tmg dugc nhu cau vé dung luong cua cac MU, sir dung hiéu qua dung luong luu trit cua FBS
va dam bao ti s tin hiéu trén can nhiu va giao thoa (SINR) ciia SU (hay néi cach khac 1a dam bao chét
lwong/su cong bang cho SU).

Tinh toan c4c thdng sé hé thong véi co ché CRS

3.3.1. Xac sudt dat dung lwong tai SU

Dé xac dinh dugc xac suat dat dung luong tai SU thi k, ta can tinh dung lugng dat tai SU tha k tir FBS

thua j:
vip ~k
u; ‘PG
kv; J "7
C:"'=Wlog,| 1 +——— (3.1)
va tir MBS:
(1= u)PyGE
ckvi = wiog, [ 1+ = 00 (3.2)
No + I8
trong d6 I V= YN M wk . pEiPEGE va plt 1a xac suét ma CU tha n luu trix video thir i véi mac phan

giai v;, dugc tinh nhu sau:

pyt = ar; + b6, (3.3)

véi a, b e [0, 1] va r; 1a d6 ndi tiéng cua video thtr i nhu dugc trinh bay trong cong thirc (2.10).

Khi dé, x4c suat dat dung lwong tai SU thir k tir FBS thir j 1a

—&{"'N,
p}c’vi = PT{Cjk’vi > Cyri} = exp <]17—1P> (3.6)
uj fi

va x4c suét dat dung luong tai SU thir k tir MBS la
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SN

. . ( Pt
p(’)"vl = Pr{C(’)('v’ > Cyi} = exp -fg’vi /llévi S — -
=1 (1 Y )P 0

(3.7)
Vai
kv; K\ (i’ll kv; k\2 2 2 C_lf;’ﬁ 2/77

= g (a) 2w - 1) & = m(df) T (14 ;) r(i- ;) 2w —1

= dff vadg lakhoang céch tir FBS thir j va MBS dén SU thi k

= AVi= YN SM_ wk  prilamat do CU trong ban kinh ciia té bao mang

Nhu vay, X4c suat dat dung lugng dé truyén video thr i véi mac phan giai v; tir FBS thir j hodc tir MBS
dén SU tht k duoc tinh nhu sau:

poyi=1—-(1-p/") (1-ps") (3.8)

3.3.2. Xac sudt dat dung lwong tai CU
Dung luong tai CU thir n tir FBS j va MBS dugc tinh bang:

o
WipGT
cli =Wlog, |1+ (3.9)
J, N,

va

Iy (1) PoG

Cll=Wlog,| 1+—2 (3.10)
) NO
Nhu vy, ta co duoc Xac suat dat dung luong tuong &ng tai CU thir n nhu sau:
» Tu FBS tha j toi CU thu n:
n,viN
v _ v; Viy _ —§i Mo
Pjn = PriCin 2 Cop} = exp| —; (3.11)
U p;
* Vatx MBS t6i CU thu n:
. . . —& VN,
Pon = Pr{Copn = Cip} = exp C (3.12)

Vi
nv; n\" ﬁ N (A7} n C—:’Ll

o &= (dl) | 2w —1|vag"t = m(dp)" (2w —1

o dj' vadg lakhoang cach tir FBS thir j va MBS t6i CU thir n.
Khi d6, xé4c suat dat dung luong dé truyén video thi i véi mic phén giai v; tir FBS thi j hoic MBS dén CU

tha n la:
Vi Vi Vi
Pojn =1-— (1 — pj,n) (1 —Pon (3.13)

3.3.3.  XAc sudt dat dung lwong tai cac NU
Khéc voi SU va CU, dung luong tai NU thir m, dén tir cac CU tha n, FBS thir j va MBS, duoc tinh twong
ung la:
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k Vipkr-m
anpnPCG

3.14
No + PoGI™ + 1’“’1) (319

w(1—wk .o, )P G"

kv _ ]
Cim' =W log, (1 +

v ) (3.15)

va
Mo, (1 =) (1 — whnpr ) PG
CEP =W log, | 1+ (1) il (3.16)
No
Vi Ik pUE »M vipkG
_1 m/ 1 mlp C
n'#n m'+m
va X&c xuat dat dung lugng tuong Gng la:
[ 2
P,
Pt = Pr{Cavi > Coi} = exp{ —&0t | Ay (—0 - k) + A (3.17)
Wi mPn P,
v
— 13 N
kv; _ kv; v; 0
Py =Pr{C."'=C,'} =exp (3.18)
s s (1 anp )P
va
_g”i N,
Pom = PriCom = €} = exp|— o (3.19)
Hj=1 (1 — U ) (1 - anpn )PO
trong do
Cn
= (am)" (2 W 1) " Eom = (B <2W - 1)
WG\
= Bl = A2 (1+ f—]) r(1- f—]) (2W - 1)
= df, d™ va df' lakhoang céch tir CU thir n, FBS thir j va MBS dén NU thir m
VRV gN_ oYM W% s Doy trong pham vi ban kinh ciia té bao mang
. ) ., n'#n m’#m .
Cuoi cung, xac suat dat dung lugng tai NU m dugc tinh nhu sau:
kv; _ kv; k,v;
pOjnm 1- (1 _pnm) (1 p]m)(l —Pom (3.20)

3.3.4. Chit Iwgng trung binh cia video truyén

Néu video thtr i caa phién ban v; duoc phat lai ¢ téc do (hodc dung luong) C;],i, d6 méo (distortion) twrong

ung dugc tinh boi:

Di(C2) = yy(co)P (3.21)

6:

trong d6 y; va B; 1a cac tham sé phu thudc duoc chon sao cho cong thuc (3.21) dap tng cac duong cong RD thuc
nghiém. Khi d6, ta c6 thé tinh toan cac gia tri chat lugng trung binh ciia cac video véi cac mang phan giai khac
nhau nhan tai cac MU (SU, CU, NU) nhu sau:

¥_1(0d + 0l + @) (3.22)

VOi
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K 1
o1 T . .
0l == > 2N o (ni(ct) (3.23)
1 J T
L=52 D D e (Di(ch) (324)

1 K N M 1 ’
=g 2 2 2. 2 2 P (Pi(C) (3.25)

. 2 r ~
Trong d6 Q (D;(C}Y)) = 10logsg % | ti s6 tin hiéu cuc dai trén nhidu (PSNR).

th
Giai bai toan tdi wu cho CRS va giai thuat di truyeén
Bai toan téi wu CRS
Dé xay dung bai toan tdi wu CRS, ta tinh toan thém dung lwong luu trit trén FBS (L%) duoc sir dung dé luu

trir video i voi cac muc phéan giai khac nhau va tong dung lugng (C) ma hé thong cung cap cho cac MU va xem
xét chiing nhur c&c rang budc trong qua trinh giai bai toan t6i wvu CRS. Cuy thé, Lk va C twong tng dugc tinh boi:

J Vi
L = 2 2 WLy (3.26)
j=1v;=1

trong do

J K I
T ) )
Cs = Z Z Z v Z (Cjk'v’ +Co ’”’) (3.28)
. . 1 -
J N I
i ) )
Cc= Z Z Z—ll (C;,]:m + C;’n) (3.29)
J] kK N M I
Ti ) ) )
RPN IR DN CAETAEL Y (3.30)
. i 4

u?fggm Q (3.31)

s.t.{n=t (3.32)

L < pllaei=12,...,1,
c<éc

PGk
kv; 0+o
JC,S <

—Nok=12,..,K,i=12,...Lv;=12,...,V,

0
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Gidi thugt di truyen cho bai toan CRS

rang budc bang phuong phap ham phat (penalty function) [99-102].

Thuat giai 3.1. Thuat giai di duyén

1

oo WD

Input: Tham s6 hé thong duoc liét ké ¢ Bang 3-2

Np =20.000; sb ca thé trong quan thé

PRECI = J*I*V; + K*N*M: chiéu dai ciia nhidm sic the.

P = 0,9: khoang cach giira thé hé

Pc = 0,9: X4c suat lai ghép

Pm = 10 xac suat dot bién

Khai tao thé hé dau tién gdm tap Np c& thé ngau nhién {X,},z=1,2,... Np

Gen = 0: 56 thé hé

TC: diéu kién dung vong lap

Output: X* va Qy

While TC chua théa do
Gen=Gen+1
Puwa {X,} va Qr(X,) vao nhom sin sang lai ghép dé xép hang.
Chon Npg xP; cé thé tét nhat trong tap {X,} c6 Qr(X,) cao dé chuén bj lai ghép cho
ra thé hé ké tiép.
Chon céc cap cha me theo phuong phép lai ghép 2 diém (Double Point Crossover) dé
lai ghép ra thé hé con ké tiép. Viéc lai ghép khong &p dung véi tat ca céc céc cap cha
me ma chi &p dung véi xé&c suat Pec.
Thuc hién dot bién theo phuong phap bu nhi phan (Inversion Mutation) & thé hé con
duoc tao ra véi xac suat dot bién 1a Pu.
Panh gia gia tri thich nghi (c6 dugc sau khi da thay thé cac gi tri chudi nhi phan cua
tirng ca thé vao ham thich nghi) cho céc thé hé con dugc tao ra sin sang cho cac budc
lai ghép tiép theo.

10 End While

11

Chon cé thé X* tuong wng Véi gid tri cuc dai Q5 trong thé hé cudi cung.

Theo dé, cac rang budc trong (3.32) cua bai toan CRS trén s& dwoc chuyén dbi nhu sau:

(Auy;=1-%0 u>0,i=12,.,1j=12,..,]

v;=1Y;
Awgp,=1-YM_wk >0k=12.,Kn=12.,N,
Awgm=1-3N_wk, >0k=12.,Km=12,..M
{AWp g =1—-Yk Wk, >0n=12,..,Nm = 12,....M
ALy =L, i —L:=0,i=12,..,1,
AC = 6C*—C =0,
a1 = P‘;‘;O —No— I >0,k =1.2,. =12,..,Lv,=12,..,V.

Tir day, ta c6 ham phat bao gébm céc rang budc & (3.33)

Dé giai bai toan toi wu CRS, trong chuong nay, toi ap dung céng cu “Giai thuat di truyén trong Matlab”
dugc trinh bay trong tai liéu [62]. Tuy nhién, cong cu nay c6 han ché I chi cd thé giai cac bai toan co rang budc
can trén va can dudi don gian cua bién chir khdng thé giai céc bai toan c6 rang budc phirc tap nhu rang budc trong
bai toan CRS néu trén. Do d6, giai phép la chuyén bai toan tdi wu c6 rang budc thanh bai toan téi wu khong c6

(3.33)
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= . 2 A 2
P2 L3 B (min{0, 4wy 3)” + 2, BK_, BN (min{0, Awy . })
. 2 . 2
+ A3 Yho1 Zmq(min{0, Awy m})” + A4 vy X _ (min{0, Awp 1 })
+ A5 Xy (min{0, AL} + Ag(min{0, AC}H)?
. i . 2
+ 2y Sr Bl By, (minf0, 41573

Va nhu vay, thuat giai di truyén nhu dugc md ta trong Thuat giai 3.1 ¢6 thé dwoc &p dung dé giai bai toén
t6i wu CRS dudi dang khong cé rang budc nhu sau:

(3.34)

max Qp=0Q—F. (3.35)

3.5. Panh gia hiéu suit co ché CRS va thuat giai di truyén
3.5.1. Thiét Idp thong sé hé thong va cdu hinh may tinh

Dé danh gia hiéu suat co ché CRS va hiéu qua thuat giai di truyén, mé hinh hé thong duoc trién khai voi
cac tham sé dugc liét ké trong Bang 3-2. Gia sit MBS bao phu 1 viing ¢ ban kinh cuc dai 12 1500m va khoang
cach gitra MBS va MU, FBS va MU, CU va SU, CU va NU duoc phan phdi déu ngau nhién trong cac pham vi
lan luot twong tng 1a [500, 1500]m, [20, 100]m, [50, 150]m, [1, 20]m. Ngoai ra, 3 video dugc xem xét gom: V™
(Basketballpass), V,"2 (Racehourses) va V;® (Foreman). Cac video nay dugc phan tich dé thu duoc cac duong
cong RD thyc nghiém cua ching bang céach sir dung phan mém HM phién ban 12.0 [52], tir d6 ta c6 thé ma hoa
mdi video véi 3 mic phan giai khac nhau (Vi = 3) ciing c6 duoc cac gia tri L7?, C,7', ¥; va B; nhu trong Bang 3-2.

Bang 3-2. Thong s hé thong

Ky hi¢u Tri s6 KY hi¢u | Triso SR :
J,K,N,M | 5FBS,5SU,5CU, 10 NU 1, nghia la CU thir n con trong 100%
- In dung lugng dé luu video (nham tang uu
I 3 Vldf,os, - - — thé cho truyén thong D2D).
Vi . 3, moi video ¢6 3 mirc phan giai [ 11867 23734 35600
W, Po, Pj, P¢ | SMHz, SW, 1W, ImW 198680 264906 351000
No, 72, o 107w, 4, 10dB LY 33382 66763 113496
{a, b} {0.5, 0.5} 1172340 1758510 2344680
Vi [9806 76520 1644000 ] 160410 320820 453960] Kbit
B; [-0.9972 -1.1530 -1.0920] [ 1000 2000 3000
e 05,1 3000 4000 5300
10 Gbps, nghia la mdi MU duoc C;i 50000 100000 170000
ol phuc vu véi dung lugng trung 10000 15000 20000
binh 0.5 Gbps 10000 20000 28300]Kbps

Co ché CRS dugc danh gia bang céch so sanh véi 3 co ché khac bao gom co ché chi luu trir (OCC — Only
Caching), co ché chi chia sé tai nguyén pho tan kénh truyén xuéng (ORS — Only Downlink Resource Sharing) va
co ché khong Iuu trir cling nhu khong chia sé tai nguyén phé tan kénh truyén xuéng (NCS — No Caching Nor
Downlink Resource Sharing). Mot may tinh thong thuong véi cac thong s6 chinh durge mé ta trong Bang 3-3 duoc
sir dung dé trién khai tinh toan, md phong va danh gia két qua.

Bang 3-3. Cau hinh may tinh

Théng s6 cau hinh may tinh

Processor Intel(R) Core(TM) i7-8700 CPU @ 3.20GHz
Processor type x64 Family 6 Model 14 Stepping 10, Genuinelntel
PHY processor packages 1

Processor cores 6

Logical processors 12

Total PHY memory 16,599,444KB

Operating System Windows 10
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3.5.2. Pdnh gid hiéu qud cia thugt gidgi di truyéen

Dé danh gia hidu qua cua thuat giai di truyén (GA), thuat giai dan doi nhi phan (BBA) va thuat toan vét can
(EA) dong thoi dugc trién khai dé 1am co s¢ so sanh vé do chinh xac va thoi gian thuc thi cling nhu 1am co so dé
chon lya cac théng sé cho thuat giai di truyén khi giai bai toan CRS. BBA dugc trinh bay trong Chuong 1, cac
thong s6 (L) = 0,25; EP =0,1; f, . = 0; f_ =2; £=0,9; ¢=0,9) d¢ trién khai BBA dugc tham khéo tir
[61]. Twong tu nhu trong thuat toan GA, phuong phap ham phat ciing duoc ap dung dé trién khai thuat toan BBA.
Do su khong ddng nhat vé cac thong s dau vao va cac toan tir duoc sir dung trong GA va BBA, trong luan an
nay, GA va BBA duoc danh gia dua trén: 1) sy twong dwong vé thoi gian thuc thi, vi du: Neg = 20.000 trong GA
véi thoi gian thuc thi trung binh 1a 1003,68 gidy va Nepg = 10.000 trong BBA vai thoi gian thuc thi trung binh 1a
957,12 gidy s& duoc chon dé danh gia GA va BBA, 2) d6 chinh xac so véi EA va 3) do 6n dinh (EA duoc trién
khai twong tu nhu trong Chuong 2). Trong truong hop nay, cac tham sb kich thudc hé théng gom (J, N, M va K)
dugc thiét 1ap véi nhiing gia tri thap tuong ung 1a (3, 3, 5 va 3) dé thuat giai vét can thyc thi dugc. Bai toan CRS
s& duoc giai bang cach tim gia tri cuc dai ciia chat lwong trung binh (dwoc do bang dB) theo hé sé mii phan anh
dd ndi tiéng cua video « [88].
Bang 3-4. So sanh do chinh xac gitta GA, BBA va EA
o 0 0,5 1,0 15 2,0 2,5 3,0
EA (dB) 29,0286 31,2176 32,6980 34,1178 36,0832 37,2044 38,0584
BBA (dB) | 28,9100 31,2176 32,4708 33,6306 36,0832 36,5090 37,6689
Accuracy | 99,59% 100,00% | 99,31% 98,57% 100,00% | 98,13% 98,98%
GA (dB) 29,0286 31,2176 32,6924 34,1178 36,0716 37,1935 38,0476
Accuracy | 100,00% | 100,00% | 99,98% 100,00% | 99,97% 99,97% 99,97%
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Hinh 3-2. Pdnh gid d¢ on dinh cia GA va BBA

Két qua dugc trinh bay trong Bang 3-4 cho thiy, do chinh xéac khi sir dung GA c6 thé 18n ti 100% so voi
EA. Vi thoi gian thuc thi twong duong nhau, GA cho két qua chinh xac hon so v6i BBA. Hon nita, khi thuc thi
giai thuat 100 lan (v6i o = 1), GA cho két qua 6n dinh hon BBA nhu dugc md ta trong Hinh 3-2. Tir nhitng két
quéa nay, GA duoc chon dé ap dung cho viéc giai bai toan CRS véi kich thude hé thong 16n hon.

Ngoai ra, toi ciing so sanh viéc danh doi giita thoi gian thyc thi va do chinh xac cua cua thuat giai di truyén
bang cach thay ddi s6 luong cé thé Np trong khi van giit o = 1. Két qua tir Bang 3-5 cho thay, voi méi s6 lugng
ca thé N, khac nhau, bai toan duoc thyc thi 100 1an va chon két qua xau nhét trong 100 lan thuc thi do, ta co:

Khi chap nhan do chinh xac thip la 97.34%, thi thoi gian thuc thi chi 1a 19.58 gidy vai sb lwong ca thé
Np = 1.000.
Khi tang sb lwong ca thé 1én, thi do chinh xac ciing tang 1én va thoi gian thyc thi ciing 1au hon.

Tuy nhién, khi ting sé lugng ca thé Np 1én thi d chinh xac s& tang 1én rét it nhung thoi gian thyc thi ting
Ién rat nhiéu. O Bang 3-5 thi khi so sanh giira Np = 1.000 va Np = 10.000, thi d6 chinh xéc tir 97.34% Ién 99.23%
(tang 1.89%), nhung khi ting tiép sb luong cé thé tir Np = 10.000 I&n Np = 20.000, thi d6 chinh x4c chi ting tir
99.23% 1én 99.89% (tang chi 0.66%). Nhu vay, & Np = 10.000 thi thuat giai di truyén cho két qua chip nhan duoc
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véi mie d6 chinh xéc 1a 99.23% va thoi gian thuc thi 1a 317.42 gidy so vai 5,664.45 gidy caa thuat giai vét can.
Dua trén két qua tir Bang 3-5, toi chon Np = 20.000 dé thuc thi thuét giai di truyén vai cac tham sé kich thuéc hé
thong (J, N, M va K) 16n hon nhu trong Bang 3-2 dé dam bao do chinh xac tét nhat véi thoi gian thuc thi chap
nhan duoc.

Bang 3-5. Thuc thi GA theo s6 Np Vi két qua xau nhat

. Np (a = 1)
Metrics 1,000 5000 | 10000 | 15000 | 20000 EA
Time (s) 1058 | 14250 | 31742 | 55601 | 79563 | 5.664.45

PSNR (dB) 30.8283 32.2547 32.4474 32.6486 32.6631 32.6980
Accuracy 97.34% 98.64% 99.23% 99.85% 99.89% 100%

Dé danh gia két qua thuc hién thuat giai di truyén, thuat giai di truyén duoc thuc thi voi cac tiéu chi hoi tu
(hay tiéu chi dé ding thuat giai) duoc trinh bay trong Thuat giai 3-1. Két qua thyc thi theo sb thé hé duoc mo ta
trong Hinh 3-3, trong do, “Best” 1a gia tri Qr(X,)
cao nhit co dugc tir ca thé tét nhét trong ting thé
hé, “Mean” 1a gia tri trung binh cua Qr(X,) duogc
tinh cho tat ca cac c4 thé trong tung thé hé, va 1
“Error” chinh 1a gia tri caa ham phat F trong (3.34)
va (3.35). Két qua cho thiy, thuat giai di truyén bt 051
dau hoi tu sau khoang 20 thé hé va dén thé hé tha
125 thi dép tmg dugc tiéu chi hoi tu. Khi d6, “Error”
tién vé 0 (F = 0) ddng nghia véi cac rang budc da
thoa; gié tri “Best” khong ddi va tring voi “Mean” 05|
ddng nghia véi viéc cac ca thé déu tét nhu nhau &
nhitng thé hé cudi cung. Nhu vay, tir cac két qua n
duoc phén tich trong Bang 3-4, Bang 3-5, Hinh 3-2
va Hinh 3-3, thuat giai di truyén cho thay tinh linh 15 : :
dong va kha thi dé giai bai toan téi wu CRS trong s T SO
pham vi Ién hon cia 5G UDN.

1.5

& Py & &2
= 4=

Be—a-tgaa8a-q4 |

Fitness
o

‘4@* Best —%— Mean —B— Error
1 T T T

Hinh 3-3. Mizc dg héi tu cua thudt gidi di truyeén

3.5.3. Pdnh gid hiéu sudt co ché CRS

Pau tién, CRS duoc danh gia so voi 3 truong hop khac 1a: chi c6 luu trit (OCC), chi ¢6 chia sé phd tan kénh
truyén xubng (ORS) va khong c6 luu trit ciing khong co chia sé (NCS) khi thay di s6 lwong FBS Hinh 3-4. Néu
khong c¢6 FBS dé luu trir video (J=0), thi co ché OCC tré thanh co ché NCS va ca 2 déu cho chit lugng thap nhat
vi khong c6 luu trit ciing khong c6 chia sé. Bong thoi, co ché CRS khong c6 luu trit thi tré thanh co ché ORS,
nhung van cho chét luong cao hon so véi OCC va NCS vi CRS ¢6 dugc su chia sé tai nguyén phé tan kénh truyén
xudng. Khi ting s6 lwong FBS, thi chit lugng cua ORS va NCS khong ting 18n, trong khi CRS va OCC ting 1én
theo sb luong cua FBS. Tuy nhién, CRS va OCC s& c6 khuynh huéng bdo hoa khi tiép tuc ting sb luong FBS.
Diéu nay cho thiy rang, voi mot lugng ngudi dung nhat dinh, ta khong can thiét phai luu tat ca céc video trong
nhiéu FBS. N6i mét cach khac, sé lugng FBS dé luu trit cac video phai dwoc tinh ton can than d& dam bao dung
lwong luu trir hop 1y cling nhu dé giam muc d6 phic tap trong tinh toan.

Tiép theo, co ché CRS duogc so séanh véi cac co ché OCC, ORS va NCS theo sb lugng SU ddng y chia sé
tai nguyén (Hinh 3-5). Tuong tu nhu véi két qua danh gia theo sb lugng FBS, néu khdng c6 SU nao chia sé tai
nguyén kénh truyén, thi co ché CRS tré thanh OCC va co ché ORS tré thanh NCS. Khi ting s6 lugng SU Ién
dong nghia véi viéc ma rong chon lya chia sé tai nguyén kénh truyén thi chat luong caa CRS va ORS ciing ting
lén theo, trong khi OCC va NCS khong thay doi. Hai co ché CRS va ORS sé& bao hoa khi tiép tuc ting sb luong
SU vi khi d6 cac SU duoc thém vao khdng thé tét hon cac SU trude do trong qua trinh tim kiém bo 3 (SU, CU,
NU) tt nhat.
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Hinh 3-4. Két qua CRS so vgi OCC, ORS va NCS Hinh 3-5. Két qua CRS so véi OCC, ORS va NCS
theo so luong FBS theo so luong SU

Hinh 3-6 mé ta két qua danh gia hiéu suit giira CRS, OCC, ORS va NCS theo hé s6 do léch ndi tiéng cua
video a. Két qua chi ra rang hé théng dat hiéu suat cao hon néu né tap trung vao viéc phuc vu MU céc video c6
mtrc d6 phd bién cao, tirc 12 gié tri cua « cao hon. Va két qua danh gia ciing cho thay ring, co ché d& xuit CRS
vuot troi hon so véi co ché OCC, ORS va dwong nhién tt hon nhiéu so véi co ché NCS. Va trudng hop OCC tét
hon trudng hop ORS vi nd cung cap nhiéu kha nang luu trit va truyén qua cac kénh tét hon tir FBS. Trudng hop
xau nhat 1a NCS vi n6 khong c6 su hd tro cta co ché luu trir va chia sé tai nguyén phd tan kénh truyén xudng.

40 T 40
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Hinh 3-6. Chdt lirong hé thong ciia CRS, OCC, ORS,  Hinh 3-7. Chdt luwong cua hé théng giia CRS vdi cac
va NCS theo o tham s hé thong khac nhau theo o

Tiép theo, anh huong cia cAc rang budc dén higu suat cua co ché CRS dugc danh gia trong
Hinh 3-7. DBé 1am nhu vay, dung lwong luong yéu cau boi MU (6) duoc giam tir 1 xudng 0.5, rang budc vé dung
lwong luu trir ciia FBS (1) dugc giam tir 0.5 xudng 0.3 va ting ti s6 tin higu trén can nhiéu va nhiéu trang cia SU
(v0) tir 3dB 1én 5dB. Két qua cho thiy, néu rang buc dung lugng d dugc yéu cau béi MU giam (tir 1 xudng 0.5),
tc 1a MU chi yéu cau cac video ¢6 muc phan giai thap, cac kénh truyén cung cip dung lwong cao s& khong duoc
chon dé truyén phat nham tiét kiém tai nguyén bang thong cua hé thong. Piéu dé c6 nghia 1a hé théng chi can
phuc vu & muc chat lugng thip vi da dap tmg du yéu cau caa MU. Trong truong hop giam rang budc vé dung
lwong luu trit ciia FBS g (tir 0.5 xudng 0.3), hé thong c6 it kha ning dé luu trit video va do d6 s& han ché cung
cap kénh truyén chét luong cao tir FBS dén MU déan dén chat lugng video duoc thu ciing giam. Ngoai ra, khi ting
ti s6 tin hiéu trén can nhidu va nhidu tring yo (tir 3dB 1én 5dB) dé dam bao QoS cao hon cho SU, thi s6 luong cip
truyén théng D2D giira CU va NU s& giam dé giam tac dong can nhidu 1én SU. Piéu nay ciing lam giam hiéu suat
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hé thdng vi hé théng khdng thé khai thac hiéu qua caa viéc truyén thong D2D dé truyén phat video trong khoang
cach gan.

| | Cudi cung, dé kiém ching
[—e—0cRs —*—FRs| hiéu suét ctia co ché CRS vé chit
luong phat lai (playback) video
dat duoc va muc do tiéu ton dung
luong luu trlr video tai cac FBS,
t0i so sanh CRS va&i phuong phap
cd ¢6 luu trit va chia sé tai nguyén
kénh truyén nhung chi luu trit V6i
nhitng phién ban video c6 do phan

45

_ giai cao nhat (FRS — Full rate
£ 1000 o | | caching and Resource Sharing).
= Twrc 1a phuong phap FRS khong
> c6 cho phép Iua chon video voi
o 500r 7 c&c muc phan giai phu hop dé luu
% trit nhu trong co ché CRS. Két qua
< S o 5 trong Hinh 3-8 cho thay, khi a < 1
g o ‘ | ' ' ‘ thi CRS tt hon nhung FRS sé tét
0 05 1 15 2 25 3

hon CRS khi a0 > 1.

(83
Hinh 3-8. So sanh CRS va FRS

Diéu nay c6 thé giai thich 13, khi « c6 gia tri thap, hé théng s& phuc vu MU véi nhiéu video c¢6 d6 phd bién
khéng léch nhau qua cao. Trong truong hop nay, viéc chon lya video c6 mic phén giai phi hop dé luu trir va
phuc vu ngudi dung s& 1am ting hiéu qua hé théng (thoéa man ngudi dung hon véi dung lwong luu trir thip hon).
Nguoc lai, khi a c6 gié tri cao hon, hé thdng tap trung vao viéc phuc vu cac video c6 do phd bién cao, nghia 13 s&
tap trung phuc vu mét sé it video hon. Trong truong hop ndy, trong khi hiéu suat caa CRS bi han ché do bi rang
budc vé dung lwong b nhé luu tri va cac rang budce thong lwong can thiét, thi cac rang budc nay hoan toan khong
dugc xét dén trong FRS. Khi xem xét muc tiéu thu dung lwong bd nhé dém, FRS 16 rang yéu cau sir dung bo nhé
luru trit cao hon CRS. Va c¢6 thé thiy rang, dung luong can cho bd nhg dém cua ca CRS va FRS dé luu trit video
s& hoi tu vé mot gia tri néu phién ban video trong mé hinh CRS va phién video trong FRS 14 nhu nhau.

3.6. Kétluan chwong 3

Chuong 3 di trinh bay co ché luu trit da phan giai va chia sé tai nguyén téi wu (CRS — Multi-Resoluion
Caching and Resource Sharing Optimization) theo nhu cdu nguoi diing nham nang cao chét luong truyén video
trong 5G UDN. Trong chuong nay, cac han ché ciia Chuong 2 da dugc cai tién nhu: 1) QoS hé théng dugc danh
gi4 tudng minh hon, 2) sir dung hiéu qua tai nguyén dung lwong luu trix tai FBS va tai nguyén pho tan cia SU hon
va 3) thuat giai di truyén duoc ap dung dé giai bai todn CRS mot cach hiéu qua.

KET LUAN

1. Két qua dat dwoc

Luan &n tap trung vao viéc nghién ciru va dé xuat co ché luu trit va chia sé tai nguyén tbi wu cho cac tng
dung truyén video trong 5G UDN nham nang cao chat lugng luong dich vu (QoS) va st dung tai nguyén hiéu
qua. Két qua dat dugc cu thé nhu sau:

1-  Dé xuat co ché luu trir va truyén video cong tac da tang c6 quan tam dén hanh vi va méi quan hé xa hoi cua
ngudi dung (SCS) thdng qua viéc tan dung hidu qua tai nguyén luu trir va tai nguyén pho tan san cé cua cac
phan tir trong 5G UDN. Két qua nay duoc cong bd trén tap chi Springer Mobile Networks & Applications
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[C1] va duoc trinh bay tai hoi nghi Heterogeneous Networking for Quality, Reliability, Security and
Robustness (Qshine 2018).

2- D& xuét co ché luu trir da phan giai va truyén video cong tac co quan tim dén nhu cau nguoi ding (CRS)
théng qua viéc tan dung hiéu qua tai nguyén luu trir va tai nguyen phd tan san c6 cua cac phan tir trong 5G
UDN. Dic biét, CRS cai tién co ché SCS bang cach 1) thay doi thong sé danh gia QoS tir dung lugng phén
phdi thanh chét lugng video thu dugc, 2) tan dung hiéu qua hon tai nguyén luu trit va pho tan va 3) dé xuat
thuat giai di truyén dé giai bai toan t6i wu luu trir va truyén video mot cach hiéu qua. Két qua nay duoc cong
bé trén tap chi IEEE Communications Letters [C2] va dugc trinh bay tai hoi nghi Recent Advances on Signal
Processing, Telecommunications & Computing (SigTelCom 2020) [C3].

Céc cdng bd lién quan dén luan &n 1a nhitng két qua nghién ctru quan trong, cu thé 1a dé xuat mé hinh luu
trir da tang két hop véi chia sé tai nguyén ti wu theo dinh huéng nguoi dung nham nang cao hiéu qua truyén
video trong 5G UDN. Péng gdp nay mang gia tri tham khao hitu ich cho cong ddng nghién cau thuge linh vuc
luu trix va chia sé tai nguy@n cho cac tng dung truyén video trong 5G UDN.

2. Pinh hwéng nghién ciu

Noi dung nghién ctru trong Chuong 2 va Chwong 3 ¢6 su ndi tiép nhau. Nghién ciru trong Chuong 3 ¢ ké
thira va bd sung thém cho céc nghién ciru da thuc hién trong Chuong 2. Tuy nhién, luan an van con nhiing han
ché can duoc phét trién trong tuong lai lién quan dén mé hinh, tiéu chi dénh gia va thuat giai, cu thé nhu sau:

1-  Cai tién md hinh hé thdng: M6t hé thdng hoan thién hon s& & hé théng duoc két hop boi két qua ciia Chuong
2 va Chuong 3. Nghia 1a phai 1) xem xét dén céc video vai cac muc phan giai khac nhau dé luu trit hiéu qua
hon tai FBS, 2) tan dung tai nguyén phé tan hiéu qua hon cho truyén théng D2D va 3) xem xét dong thoi dén
cu xtr, mdi quan hé x& hdi va nhu cau ngudi dung cling nhu yéu té di chuyén cua ngudi ding. Ngoai ra, mot
tang luu tri nita can duoc xem xét dén do 1a luu trit tai cc thiét bi bay khong nguoi 1ai (UAV — Unmanned
Aerial Vehicle).

2- V& tiéu chi danh gia: Bo thong sé danh gid chat luong trai nghiém nguoi ding (QoE — Quality of Experience)
vé6i nhitng tiéu chi khat khe hon can duoc xay dung. Bo tiéu chi nay khong don thuin 13 dung luong phan
phbi hay chit luong phét lai video, ma con la ty Ié truy xuét thanh cong video, tinh lién tuc ciing nhu su 6n
dinh chit lugng trong qua trinh phat lai.

3- Ve thuat giai t6i wu: Vi tinh phirc tap vé hé théng dugc ma rong hoan thién hon va bo thong sé QoE danh
gia hiéu suat hé théng phirc tap hon, thuat giai GA can dwoc nghién ctru dé ¢6 nhiing cai tién hon vé do chinh
xéc va thoi gian thyc thi. Ngoai ra, cling can tim hiéu thém cac thuat giai phii hop khac theo xu thé hién nay
nhu may hoc, hoc sau,... dé giai quyét bai toan tdi wu va so sanh hiéu qua véi thuat giai GA da ap dung nham
chon lva thuat giai tot nhat dé trién khai hé thong.
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