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LOI CAM POAN

T6i xin cam doan dy 1 cong trinh nghién ctru do t6i thyuc hién. Cac sb liéu
va két qua trinh bay trong luan 4n 13 trung thyc, chua duoc cong bd boi bat ky tac

gia nao hay & bat ky cong trinh nao khac.

Tac gia

Nguyén Thi Thanh Hwong
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LOI CAM ON

Toi xin gui 101 cdm on chan thanh téi Khoa Pao tao Sau DPai hoc, Khoa
Cong nghé Thong tin, Khoa Vién thong, Ban Lanh dao Hoc vién Cong nghé Buu
chinh Vién thong, cac Quy Thay Co da gitp toi trang bi kién thirc, tao diéu kién
thuan loi cho t6i trong subt qua trinh thyc hién luan an.

Podng thoi, t6i xin bay t6 10ng cam on chan thanh va sdu sic nhat t6i
PGS.TS.Lé Hiru Lap; TS.Lé Minh Tuén; TS.Truong Trung Kién 14 nhitng ngudi
Thay da tan tinh tu van, dong gop y kién, va huéng dan trong qué trinh thuc hién
dé t6i c6 thé hoan thanh tot luan én.

Xin chan thanh cam on cac ddng nghiép, cac nha khoa hoc, cac thdy co gido
cong tac tai Hoc vién Coéng nghé Buu chinh Vién théng, Téng Céng ty
Mobiphone di dong vién, hd tro toi trong qué trinh thyc hién luan an.

Cubi cung, xin giri 101 tri 4n sdu sic toi gia dinh, ban bé, nhitng ngudi da
luon dong hanh, khuyén khich, 14 chd dua tinh than cho t6i trong thoi gian thuc

hién ludn an nay.
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LOI MO DAU
1. Ly do lwa chon dé tai

Hién nay, voi su phé bién cua thiét bi di dong thong minh, may tinh bang lam
cho nhu cau str dung cac dich vu truyén thong tbc do cao ngdy cang 16n, theo du
béo, luu lugng dir liéu di dong toan ciu s& tang gan vai chuc 1an va dy kién dén nam
2025 s& c¢6 hon 15 ty thiét bi di dong két ndi, vuot qua dan sb thé gidi vao ciing thoi
diém (khoang 12,6 ty) [1]. Didu d6 doi hoi cac nha mang cung véi cac nha khoa hoc
can phai nghién ctru ra nhitng hé thong thong tin truyén thong di dong tdc do cao,
hiéu ning t6t ddp ung nhu ciu ngdy cang cao cua ngudi ding. Mot trong nhimg
cong nghé truyén thong co thé dap tmg dugc nhimg yéu cau do6 1a hé thdng thong tin
vb tuyén st dung rat nhiéu ang ten hay con goi 1a hé théng thong tin vo tuyén
MIMO (multiple-input multiple-output) [2], [3], [4], [5]. Cong nghé nay duoc dé
xudt sir dung trong phién ban 12 va cac phién ban tiép theo ctia bo tiéu chuin 3GPP
LTE/LTE-Advanced, va dang tré thanh mdt linh vyc nghién clru quan trong, nhan
duoc nhiéu sy quan tam cua cac nha khoa hoc trén thé gidi, day 1a mdt cong nghé
rat hita hen cho mang thong tin di dong thé hé tht 5 (hay 5G) [6], [7], [8].

Hé thong vo tuyén st dung nhiéu dng ten di duoc ing dung trong nhiéu tiéu
chuan truyén thong vo tuyén nhd vao kha ning cai thién dang ké cia dung luong va
d6 tin cdy ctia hé thong thong tin nay, trong khoang thoi gian dau, cac cong trinh
nghién ciru cha yéu nghién ciru vé két ndi MIMO diém-diém hay con goi 1a MIMO
don nguoi ding (SU-MIMO: single-user MIMO). Tuy nhién, hé théng SU-MIMO
c6 nhuoc diém 1a pham chat hé thong s& suy giam nghiém trong dudi tac dong cua
nhidu déng kénh da nguoi ding, dé khic phuc nhuge diém nay, hé thong MIMO da
nguoi dung (multiple-user MIMO hay MU-MIMO) ra doi va da dugc ung dung
trong cac tiéu chuan nhu 802.11 (WiFi), 802.16 (WiMax), 3GPP LTE/LTE-
Advanced. V& co ban thi h¢ théng MU-MIMO khéc véi SU-MIMO & ché 1a c6 kha
nang phuc vu déng thoi mot sb nguoi dung, trong hé¢ théng MU-MIMO, moi chi phi

dat do cua thiét bi dugc chuyén vao chi phi tram gbc cta cic nha mang. Trong do,



thiét bi dau cudi nguoi ding s& c6 gia kha ré do c6 thé sir dung don dng ten ma vin
tan dung dugc tinh nang vu viét cua cong ngh¢ nay, do tinh phan tdp da nguoi dung,
hiéu niang cua hé théng MU-MIMO it bi anh hudng ciia méi trudng truyén séng hon
so voi truong hgp MIMO diém-diém. Tuy nhién, cac hé thong MU-MIMO truyén
thong thuong dung sé lugng dng ten nho do d6 chung van chua phat huy hét duoc
tiém nang cua cong nghé MIMO.

Cung v6i su phat trién nhanh chdng cta cong nghé thong tin va truyén thong
(ICT), dién nang ti€u thu cling dang phat trién v&i mot tde do dang kinh ngac [1],
hon nira, cac nha khai thac va cung cip dich vu (cic nha mang) duoc nhic dén la
nhiing nguoi dimg dau vé tiéu thy nang lugng (nhu Italia Telecom 1a nha khai thac
tiéu thu ning luong 16n thir hai tai Y), va nhin chung tiéu thu ning luong ciia cac
nha khai thac di dong ting nhanh hon nhiéu [8]. Hon nita, khi viéc trién khai hé
thdng mang 4G & cac nude dang phat trién (nhu Trung Qudc va An Do) va sau dé 1a
phat trién hé théng 5G trén toan thé gidi thi vo tuyén di dong s€ ti€u thy nang lugng
nhiéu hon néu khong c6 cac bién phap hanh dong hiéu qua.

Mot sb két qua chi ra rﬁng viéc tiéu thu nhiéu nang lugng cua mot tram géc
(BS) [1] chiém hon 50% tong sb nang lugng duoc tiéu thy cua hé thong truy cap vo
tuyén, trong do co dén 50-80% nang luong dugc st dung cho céc bd khuéch dai,
dung tir quan diém cua cac nha khai thac, hiéu qua nang lugng khong chi mang lai
lgi ich sinh thai tuyét vo1 ma con thé hién trach nhiém xa hoi trong cudc chién
chéng bién dbi khi hau, tuy nhién né ciing mang lai loi ich kinh té dang ké. Vi vay,
st dung hiéu qua niang luong trong truyén thong khong day thoi gian gan day da
ngdy cang thu hut duoc nhiéu nha nghién ctru quan tdm. Cac k¥ thuat nhu nang cao
16p vat ly, ghép kénh phan chia tan sb truc giao, vO tuyén nhén thirc, ma héa mang,
truyén thong hop tac...cac cdu tric mang méi nhu mang khong dong nhat, ang ten
phan chia, di dong da tan, ciing nhur ké hoach quan 1y ngudn tai nguyén mang theo

chat luong dich vu...da duoc dé xuat dé giai quyét van dé nay.



Do véy viéc nghién ctru hiéu qua st dung ning luong cia hé théng thong tin vo
tuyén str dung nhiéu ang ten 1 vo cung quan trong, cap thiét, n6 mang y nghia khoa
hoc va thuc tién. Hoc vién da lua chon dé tai “Nghién ciru hi¢u qud sw dung nang
lwong tai tram goc hé thong thong tin vo tuyén nhiéu dng ten” 1a mot trong nhitng
huéng nghién ctru 16n hién nay, dé tai s& dong gop mot phan vao viéc hoan thién co
so 1y thuyét, nang cao hiéu qua sir dung ning lugng cua cac hé thong thong tin vo
tuyén sir dung nhiéu ang ten. Y nghia thuc tién cta luan an ma nghién ctru sinh hy
vong dat dugc thé hién & cac giai phap dé xuét nham nang cao hi€u qua su dung
ning luong cu thé trong timg chuong cu thé.

2. Muc tiéu va pham vi nghién ctru ctiia lugn an

Bén canh nhiing van dé vé toc do trong hé thong thi van dé sir dung ning lugng
hiéu qua hién ciing 13 mot trong nhitng yéu t6 quan tim hang dau trong linh vuc
thong tin di dong vi cac 1y do sau: Tht nhét, chi phi nang luong chiém ty 18 dang ké
trong chi phi van hanh khai thac hé thong thong tin, do 0, néu giam thiéu duoc
cong suét tiéu thu nang luong s€ dem lai 1¢1 ich rat 16n cho cic nha mang. Thu hai,
viéc st dung hi¢u qua nang lugng con gitp bdo v¢ moi truong, ting nang luc canh
tranh va tao diéu kién cho nha mang cé thé mo rong thi truong, cai thién chét lugng
phuc vu déi véi nguoi dung va xu huéng ngudi ding ngay cang quan tam hon dén
nhting van dé nang luong ti€u thu cua thiét bi di dong bén canh cac vén dé vé tdc do
va chit luong dich vu xanh.

Céc cong trinh nghién ctru gan day dang tap trung vao hé thong thong tin vo
tuyén nhiéu dng ten, cic dng ten duoc két ndi v6i nhau bang cap quang hodc bang
duong ndi mach dién tir, didu ndy 1am cho hé théng hoat dong 6n dinh hon, mot ing
ten hong ciing khong anh huong nhiéu dén hoat dong cua hé thong. Trong hé thong
nay, cac tram géc s€ cO tor mot tram dén hang tram ang ten, véi hé théng st dung
nhiéu ang ten mdi nguoi dung s& chi can sir dung thiét bi dau cudi voi ang ten don.
Do d6, hé théng nay cho phép phat huy tdi da toc do truyén dir liéu, bao mat dir liéu,

tang hiéu qua sir dung pho, hiéu qua sir dung ning luong, dong thoi cho phép ha gia



thanh thiét bi dau cudi nguoi ding MS, mdi dng ten dung cong suat rat nho (c&
mW), diéu d6 dam bao cho hé théng hoat dong voi hi€u qua nang lugng tdt, tuy
nhién, hé théng nay ton tai mot sd van dé lam cho hiéu qua nang lugng trong thuc té
khong dat duge nhu trong 1y thuyét. Mot s tac gia gan day khi nghién ctru cac hé
thdng thong tin st dung nhiéu dng ten & tram gdc thuong tap trung vao kha ning cai
thién téng dung lugng truyén tin voi mot cong suét tidu thu cb dinh cua tram gbc
[2]-[4] hodc kha ning giam cong sudt tiéu thy nhitng van dam bao tong dung lugng
truyén tin cho trudce [5], trong thyuc t&, mot cach tiép can dé dung hoa hai muc tiéu
thiét ké c6 phan mau thuin nhau nay 1a t5i da hoa ty sé hiéu qua sir dung ning
luong cia hé thong va tong dung luong truyén thong tin. Theo dinh nghia thi hiéu
qua sir dung ning luong ciia mot hé thong thong tin 1a ty sd giira tong dung lugng
thong tin duoc truyén di trén tong cong suét tiéu thu twong tng [6]-[9]. Tac gia [6]
d3 so sanh hiéu qua sir dung hiéu qua ning luong giita hé théng MIMO véi nhiéu
ang ten O tram gbc va hé thong sir dung cell ¢& nho, tuy nhién, tac gia méi chi tinh
dén cong suét tiéu thu lién quan dén birc xa tin hiéu. Trong [7] da d& xuit mo hinh
cong suét tiéu thu khong chi bao gdm cong suat phat trén bo khuéch dai cong suat
ma con 1 cong suat tiéu thu mach bai cac thanh phan cta tram gc BSs va céc thiét
bi lién quan, tr md hinh nay tac gia dua ra dugc cong thure tinh hi¢u qua nang lugng,
sau d6 xac dinh dugc sd luong dng ten can thiét dé mang lai hiéu qua sir dung nang
luong cho hé thong MIMO nhiéu dng ten, tuy nhién, mé hinh cong suit tiéu thu sir
dung trong bai bdo [7] kh& don gian va chua phan anh dugc cac dac trung riéng ctuia
hé théng truyén dan nhiéu dng ten da nguoi dung. Cac nghién ciru [8], [9] dé xuat
mot md hinh cong suét tiéu thy thyc té hon va c6 kha nang phan anh co ché xir Iy
tin hiéu va truyén dan nhiéu ing ten da nguoi ding dé nghién ciru hiéu qua sir dung
ning luong cua hé thong truyén din nhiéu ing ten don cell v6i nhiéu dng ten & tram
géc, viéc xem xét chi moét cell duy nhét bo qua mot sb tinh chat quan trong cua hé
théng nay nhu nhiu tin hiéu hoa tiéu va nhiéu lién cell khi truyén dir liéu. Ngoai
céc nghién ctru vé mo hinh phan cing va kién tric mang, mot sé tac gia di tap trung

nghién clru ing dung phan mém va céic thuat todn quan 1y tai nguyén mang dua vao



chét luong thong tin dich vu nhu Kwang-Cheng Chen va Cong sy tai truong dai hoc
South Florida, d& nghién ctru cic mé hinh tiét kiém ning luong trong hé théng vo
tuyén, su dung thuat toan may hoc [38], Téac gia S.Maghsudi, d S.Stanczak va cong
su dd nghién ciru tiét kiém nang luong bang cach sir dung thudt toan mo théng minh
logic mo (fuzzy logic) ra quyét dinh chuyén giao dich vu giita cac node trong hé
thong vo tuyén di dong [39], [107]. Tuy nhién viéc chuyén giao dich vu van dugc
thyc hién trong hoan canh chuyén giao “cting” va van chua téi vu hoa dugc xac suat
thanh cong chuyén giao va tiét kiém ning luong tai cac tram gdc.

Qua khdo sat cac hudng nghién ctru hi€u qua s dung nang lugng trong h¢
thong vo tuyén sir dung nhiéu ang ten clia cac tac gia trudc, luan an tap trung vao
cac huong nghién clru nhu sau:

Hudng nghién ciru thir nhat: Quan 1y hiéu qua phd tan, thich tng tai luu luong,
tang s6 lugng ang ten dich vy, udc luong kénh, didu ché ma hoa trude nham tbi uu
cong suat tiéu thu cia cac thiét bi lién quan trong tram gdc, tiét kiém cong suat tiéu
thu ctia cac thiét bi va nang cao hiéu qua sir dung ning luong.

Hudng nghién ctru thir hai: Kién trac hé théng, téi vu kich thudce cua cac té bao,
tu dong céu hinh lai hé thdng khi can thiét va chuyén giao dich vu khong ddng nhét
gilra cac nat mang voi cac tham sb lién quan chét lugng dich vu dam bao hoac ché
d6 bat/tat hay ché do ngu cua cac tram goc khi khong c6 luu luong hay dich vu yéu
cau. Viéc tiét kiém nang lugng s€ dugc thuc hi¢n hi€u qua tai cac ndt mang bao
gém cac tram géc BSs, viéc tiét kiém nang luong tai BSs dugc thuc hién s€ mang
lai mtrc hiéu qua dang ké do BSs 1a phan tiéu thy ning lugng chi yéu. Dé giam
ning luong tiéu thu cua BSs, 1a tit Bs khi luong truy cap rat thap, dong thoi, dung
luong ciia mot BS tat s& duoc quan 1y bai mot BS phdi hop, dong ning lugng san
sang va lugng niang luong khong sin co trong mot mang truyén théng co thé tinh
toan trudc duoc.

Hudng nghién ctru thir ba: Téi uu héa phan cimg, ciu trac 16p vat 1y trong cac

thiét bi tram gbc nham tiét kiém cong suat tiéu thu ctia cac thiét bi tram gbc, ning



cao hiéu qua sir dung nang luong cho phan cing trong hé thong.

Muc tiéu thir nhat: Nghién ctru mé hinh sir dung hiéu qua ning luong trong hé
thong v6 tuyén sir dung nhiéu ang ten kich thuéc diy da FD (khong gian - thoi
gian) khong dong nhat (Hetnet) sir dung thuat toan thong minh dé chuyén giao
“mém” dich vy trong mang khong dong nhat nho cac thuat toan thong minh trong
quyét dinh logic md dé chuyén giao giira cac dich vu khac nhau dwa vao “ngit canh
thong tin” (context) dé ting xac suat thanh cong khi chuyén giao va giam tbi da
cong suat tiéu thy trong cac tram gc ma van dam bao chét lugng thong tin theo tiéu
chuan cho phép nham quan 1y hiéu qua ngudn tai nguyén hé thong.

Muc ti€u thtr hai: Nghién ctru mé hinh st dung hi¢u quéa nang lugng trong hé
thdng v tuyén sir dung nhiéu 4ng ten phan chia theo thdi gian TDD. Ti wu hoa sb
luong ang ten can thiét tai mdi tram gde khi ting sé thué bao trong mét cell sao cho
s6 thué bao cung cip dich vu dong thoi trong mot cell luén nhiéu hon hon sb dng
ten cho phép tai tram gdc nham giam cong suat tiéu thu ciia tram gdc va ting hiéu
qua st dung nang luong cua hé thong.

3. Phwong phap nghién ciru

Nghién ctru 1y thuyét cac phuong phap st dung hiéu qua ning luong trong
mang vo tuyén str dung nhiéu ang ten tir truéc dén nay trong nudc va ngoai nudc,
sau d6 phan tich s6 liéu, d& xuat mo hinh va mé phong bang cac thuat toan, danh gia
két qua dé xudt cai thién ning lwong hé thong.

4. Cac déng gop cua luan an

Y nghia khoa hoc va thuc tién cta luan 4n ma nghién ciru sinh huéng toi 1a dé
xudt xdy dung cac md hinh toan hoc str dung hiéu qua ning lwong thong qua nghién
ctru, phan tich, tinh toan va mé phong dé giai quyét bai toan sir dung hiéu qua ning
luong trong hé thdng thong tin vo tuyén noi chung va trong hé thng thong tin vo
tuyén str dung nhiéu ang ten néi riéng trong khi van dap ung duoc yéu ciu truyén
dan thong tin & tdc d6 cao va chat lugng dich vy dam bao tiéu chuén theo quan diém

ciia cdc nha khai thac mang vién thong hién nay 1a sir dung hiéu qua ning luong



khong chi mang lai kinh té ma con mang lai loi ich sinh thai va trach nhiém xa hoi
trong cudc chién chéng bién d6i khi hau va bao vé méi trudng.

Dura trén céc co sé nghién ctru vé st dung hiéu quéa ning luong trong hé thong sir
dung nhiéu ang ten, luan 4n dé xuat mot s6 dong gop khoa hoc chinh cu thé nhu sau:

1) Nghién ctru mo hinh sir dung hiéu qua nang luong trong hé théng vo tuyén
st dung nhiéu ang ten kich thudc day du FD (khong gian - thoi gian) khong dong
nhat,sir dung thuét toan théng minh dé chuyén giao “mém” dich vu trong mang
khong dong nhat bang cac thuat toan théng minh ontology trong quyét dinh logic
mo chuyén giao giita cac dich vu khac nhau dwa vao ngir canh thong tin dé ting xac
sudt thanh cong khi chuyén giao va giam t6i da cong suét tiéu thu trong cac tram co
s& ma van dam bao chit luong thong tin theo tiéu chuan quy dinh cho phép nhim
quan 1y hiéu qua ngudn tai nguyén hé théng.Cac két qua nghién ciru cua luan an
chinh 14 ndi dung cua bai bao khoa hoc nam trong danh muc cac coéng trinh di cong
b6 [3, 5, J6].

(2) Nghién ctru mé hinh str dung hiéu quéa ning lugng trong hé théng vo tuyén
st dung nhiéu ang ten phan chia thoi gian TDD. Téi vu hoa sé lugng dng ten can
thiét tai mdi tram gbc khi ting s6 thué bao trong mot cell sao cho s6 thué bao cung
cap dich vu dong thoi trong mot cell ludn nhiéu hon hon s ing ten cho phép tai
tram gbc nham giam cong suét tiéu thy cua tram gdc va tang hidu qua sir dung ning
luong cua hé thong. Phan tich va tinh toan duwa vao téng luong thong tin truyén tai,
cong suét tiéu thu tai cdc tram géc ¢4 nhiéu ang ten ¢ tram géc véi nhiéu cell hoat
dong trén cing bang tan trén luong thong tin yéu cau, két hop cac tham sb anh
huong trong hé thdng nhu suy hao dudng truyén, nhidu hoa tiéu, chat luong thong
tin bang cach tim céc gia tri tat dinh twong duwong. Cac két qua nghién ctru cua luin
an chinh 14 ndi dung cta bai bao khoa hoc nam trong danh muc cic cong trinh da
cong bé [J1, 12, J4].

5. B6 cuc ciia Luén 4n
Luén &n dugc trinh bay trong 03 chuong chinh ngoai phén mé dau, két luan va



cac phu luc, cu thé ndi dung duge bd cuc nhu sau:

Phan mé dau: Phan nay trinh bay tinh cép thiét cia lun an, 1y do lwa chon tén
dé tai, muc tiéu va pham vi nghién ctru, phwong phap nghién ctru, nhimg dong gop
chinh ctia luan 4n, b6 cuc luan 4n va cac két qua nghién ctru duge trinh bay trong
tung chuong.

Chuong 1: Tong quan vé cac hé théng thong tin vo tuyén va van dé hiu qua sir
dung ning luong cua hé théng. Chuong nay trinh bay vé tong quan vé hé thong
thong tin vo tuyén néi chung va hé thong thong tin vo tuyén str dung nhidu ang ten,
hiéu qua sir dung ning luong trong cac hé thong thong tin vo tuyén va loi ich viée
str dung hiéu qua thong tin vo tuyén va su quan tdm ciia cac to chirc trong nudc va
thé gidi, tong quan cac van dé hiéu qua ning luong cia céac tac gia di trude, cac van
dé ton tai, hudng nghién ctru va céc két qua can dat duoc cua ludn an. Gidi thiéu cac
ly thuyét tong quan va thuat toan lién quan dén nghién ctru ciia ludn an.

Chuong 2: Nang cao hiéu qua st dung ning lugng hé théng vo tuyén st dung
nhiéu ang ten phan chia theo thoi gian TDD. Chwong nay trinh bay tong quan vé hé
thong phan chia theo thoi gian da ngudi dung, phéan tich hiéu qua st dung ning
lugng cua hé théng thong qua céc tham sb cong suét tiéu thy, toc d6 dat duoc, anh
huong ciia s6 dng ten tram gbc va anh hudng cia sd thué bao trong mot tram gdc, dé
xudt md hinh st dung hiéu qua ning luong va giai thich, danh gia cac két qua mé
phdng va tinh toan.

Chuong 3: Cai thién hiéu qua str dung ning luong hé thdng vo tuyén sir dung
nhiéu dng ten FD. Chuong nay trinh bay téng quan vé cau triic dan ang ten, xir 1y tin
hiéu, kénh khong gian 3 chiéu, kién tric chung ctia hé théng va phuong thirc chuyén
giao dich vu khong déng nhét dua vao cac nglt canh tham sb chat luong dich vu
thong tin, d& xuit mo hinh nghién ctru va giai thich cac két qua mé phong.

Ngoai ra: Phan phu lyc trinh bay qua trinh khai bao va thu thap thong tin, xay
dung co so dir liéu (CSDL), qué trinh phén tich, truy xuét, suy dién va ra quyét dinh,

phu luc vé trich dan nguon code thuat toan cia cac mé phdng....



CHUONG 1. TONG QUAN VE CAC HE THONG THONG TIN VO TUYEN
VA VAN PE HIEU QUA SU DUNG NANG LUQONG
1.1. Tong quan vé cac h¢ thong théng tin vo tuyén

Céc hé thong thong tin vo tuyén (khong day) c6 thé duoc phan loai thanh 4 hé
thdng co ban 1a SISO, SIMO, MISO va MIMO.

Hé thong thong tin SISO 14 hé thdng chi sir dung mét dng ten phat va mot dng
ten thu, may phat va may thu chi c6 mot bo cao tan va mot bo diéu ché, giai diéu
ché. Hé théng SISO thuong dung trong phat thanh va phét hinh, cac k§y thuat truyén
dan vo tuyén c4 nhan nhu Wifi hay Bluetooth. Dung luong hé théng phu thudc vao
ti s& tin hiéu trén nhiéu dugc xac dinh theo cong thuc Shanon: C = logx (1+SNR)
bit/s/Hz [10]. Hé thdng SIMO sir dung nhiéu dng ten phat va mot ang ten thu, thong
qua ky thuat Alamouti tir @6 cai thién lugng tin hi¢u hodc st dung beamforming dé
tang hiéu suat phat va viing bao phii. Khi may phat biét dugc thong tin kénh truyén,
dung luong ting theo ham logarit cua sb dng ten phat (Nt) va duoc xac dinh gan

ding theo cong thic: C = logz (1+Nt.SNR) bit/s/Hz [10].

Hg thﬁng tr'uyén thi‘mg H§ thi‘mg anten thing minh H¢ lhf'mg MIMO
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Ny TS

é I SIMVIOY :
f \T/ . Single Input Multiple Output Y - ?

SISO

. Single Input Single Qutput E . \ ' ?
5 1 | Y
j PONTH - 1RX |
: - i MIMO
[ : Mulrtiple Input Multiple Output
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Multiple Input Single Output

Hinh 1.1. Cac h¢ thong thong tin vo tuyén [10]



Hé thong SIMO sir dung mot dng ten phat va nhiéu dng ten thu, trong hé thong
nay may thu c6 thé lya chon hodc két hop tin hiéu tir cac dng ten thu nham ti da ty
s6 tin hiéu trén nhidu thong qua cac giai thuit beamforming hoic MMRC (Maximal
- Ratio Receive Combining). Khi may thu biét thong tin kénh truyén, dung lugng hé
thong ting theo ham logarit cua sé ang ten thu (Nr), dwgc tinh theo: C = log
(1+Nr.SNR) bit/s/Hz [10].

1.1.1. Hé thong théng tin vé tuyén da nguoi ding

La hé thdng st dung nhiéu dng ten ca noi phét va noi thu, hé théng co6 thé phan
tap phat nhd da dng ten phat, cung cap phan tap thu nho vao da dng ten thu nham
tang chét luong hé théng hodc thuc hién beamforming tai noi phat va noi thu dé
tang hiéu suit str dung cong sudt, triét can nhidu. Khi thong tin kénh truyén duoc
biét tai ca noi phat va thu, hé théng 6 thé cung cép do loi phan tap cuc cao va do
loi ghép kénh cuc dai, dung lugng hé théng co thé xac dinh theo cong thic:
C=min(N1,NRr).logz (1+Nr.Nt.SNR) bit/s/Hz [10].

Mo hinh kénh tong quat gdm N dng ten phat va N; dng ten thu dwoc minh hoa
trong hinh v& 1.2. Ma tran kénh truyén H cta kénh truyén trong hé thong dinh trudc
va dugc xem la bét bién trong subt thoi gian truyén va tong cong suat phat trén Nt

1a P dugc xem la khong doi

May phat : : May thu

Hinh 1.2. Hé thong v tuyén da ngudi ding



11

Ma tran kénh H cho mé hinh vé tuyén duoc biéu dién nhu sau:

h11 h12 hN[l
po| M Pm o e (11)
h th thNt

IN, .

Trong d6: hum 13 do 101 kénh gitra angten phat thir n va dngten thu thor m.

T
Giésﬁ’:X:[xl, Xy, ', XN } la dir liéu phat
t
r T
Y=Y Y2, 5 YN } la dir liéu thu
L r
— T ,
n={My M2, ° MN } 1a tap &m Gaus trang phtrc N may thu.
L T

T 1 ky hiéu phép toan chuyén vi. Khi d6, quan hé giita tin hi¢u dau vao nhan

v6i tin hi¢u dau ra y dugce xac dinh boi biéu thire sau:

Cyy ] [ b b hNtl Cxy ] [y ]
¥2 hyy hy -+ hy o || X2 Ny
: = . . . .t : + :
YN hN 1 hN 2 hN N XN NN
L ri [ r r t r b t1l L r

(1.2)

C6 thé viét lai quan hé vao ra kénh ma tran N, x N; trong phuong trinh (1.2) nhu

sau:

y=Hx+n

(1.3)

Do lgi beamforming giup hé théng tip trung ning luong blc xa theo hudng

mong muodn giup tang hi€u qua cong suat, gidm can nhi€u va trdnh dugc can nhieu

t6i tir cac hudng khong mong mudn, tir d6 gitip cai thién chit luong kénh truyén va

ting do bao phu cua hé thong, dé c6 thé thuc hién beamforming thi khoang cach

gilta cac ang ten trong hé thong thuong nhd hon budc séng A (thuong 1a1/2),



12

beamforming thuong dugc thuc hién trong moi truong it tdn xa. Khi moéi truong tan
xa manh hé thdng c6 thé cung cip d6 loi ghép kénh khong gian va do loi phén tap,
tan dung cac kénh truyén song song c6 dugc tir da dngten phia phat va phia thu, cac
tin hiéu s& dugc phat doc lap va dong thoi ra cac dng ten, nham ting dung luong
kénh truyén ma khong can ting cong suit phat hay ting bang thong hé thong, dung
luong hé thong sé& ting tuyén tinh theo s6 cac kénh truyén song song trong hé thong.

Trong truyén dan vo tuyén, mic tin hiéu ludn thay ddi, bi fading lién tuc theo
khong gian, thoi gian va tan so, khién cho tin hiéu tai noi thu khong on dinh, viéc
phan tdp cung cip cho cac bd thu cac ban sao tin hiéu giéng nhau qua cic kénh
truyén fading khac nhau, bd thu cé thé Iwa chon hay két hop céc ban sao tin hi¢u
nay dé giam thiéu toc do sai bit BER, chdng fading qua d6 ting d6 tin cy cua hé
théng. Dé cuc dai do loi phan tip, gidam BER va chéng lai fading, ma hoa STBC
(Space-Time Block Code) va ma héa STTC (Space-Time Trellis Code) dugc ap
dung. Thuc té, dé hé théng c6 dung luong cao, BER thap, chéng duoc fading c6 su
twong quan gitta d6 loi phan tap va do loi ghép kénh trong thiét ké hé théng.
1.1.2. Hé thong vé tuyén sir dung nhiéu dng ten

Hé théng vo tuyén sir dung nhiéu dng ten di dwoc nghién ctru tir lau va duoc
mg dung trong nhiéu tiéu chuan truyén thong khong day vi n6 c6 thé cai thién dang
ké dung lugng va do tin ciy cta hé thong [11], trong khoang thoi gian dau cha yéu
nghién ctru vé két nbi diém diém hay con goi 1a don nguoi dung. Trong hé théng
nay, hai thiét bi da angten két ndi giao tiép véi nhau, mang lai 1gi ich rat 1on ca vé
dung lugng cling nhu dg tin cdy, tuy nhién, hé théng con mot sd nhuoe diém nhu
chi giao tiép dugc mot ngudi ding, dé khic phuc nhuoc diém do, hé théng da nguoi
dung ra doi va vé co ban thi h¢ thong da nguoi ding khic voi don nguoi ding 1a
ddng thoi phuc vu cho mot s6 ngudi dung. Trong hé théng, moi chi phi dat do cua
thiét bi duoc chuyén vé cho cac nha mang trong phan tram gbc, trong khi dau cudi
ngudi dung s& c6 chi phi thiét bi kha ré do c6 thé sir dung don dng ten ma van tin

dung dugc tinh nang uvu viét cia cong nghé. Do tinh phan tap da nguoi dung, hiéu
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ning cua hé thong da ngudi dung it bi anh hudng ctia méi trudng truyén séng hon
so voi trudng hop két ndi diém diém, vi thé théng da ngudi ding da duoc ing dung
vao trong rat nhiéu tiéu chuan nhu 802.11 (Wifi), 802.16 (WiMax), LTE [11].

C6 rat nhiéu ciu hinh va céc kich ban trién khai khac nhau cho cic mang ang
ten thuc té str dung trong hé théng thong tin str dung nhiéu dng ten, mi phan tir ing
ten trong hé théng dugc két ndi nhau thong qua soi quang hodc dudng din mach

dién tr.

Hinh 1.3. H¢ thong vo tuyén sir dung nhiéu ing ten [11]

Hé thdng vo tuyén sir dung nhiéu ang ten khi cac tram gbc phai biét dugc thong
tin kénh cho ca dudng 1én va duong xudng, & duong 1én, diéu nay dé dang thuc hién
bang cach cac dau cudi nguoi ding guri hoa tiéu, dya vao hoa tiéu nhan duoc ma
tram goc c6 thé ude lugng duge dap ing xung ciia kénh cho mdi dau cudi, & dudng
xudng viéc nay s& kho hon. Trong cac hé théng két ndi truyén thdng, nhu tiéu chuan
LTE, cac tram gdc s& giri dang song hoa tiéu, dya vao d6 cac dau cudi s& ude luong
dap ung xung cua kénh truyén va dau cubi gui lai cho tram gbc. Diéu d6 s& khong
kha thi trong cac hé thong MIMO c¢& 16n, it nhat 1a khong khi ma hoat dong trong
mdi trudng cé tinh di dong cao boi vi hai 1y do sau. Thtr nhat, cac hoa tiéu dudng
xudng t6i wru can phai tryc giao nhau giira nhitng ang ten, diéu d6 c6 nghia rang sb
luong tai nguyén tan sb thoi gian cho hoa tiéu duong xudng bang sd lugng ang ten

nén h¢ thong cd 16n s€ yéu cau sé ang ten gap hang trdm lan so vo1 hé thong truyén
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thong. Thir hai, s6 lugng dap img xung ctia kénh do mdi thiét thi dau cudi phai udc
luong ciing ty 18 véi s ang ten ctia tram gdc, tai nguyén duong 1én can dé bao cho
tram gbc vé dap ng xung cua kénh s& 16n hon gp trdm 1an so véi hé thong truyén
thdng. Do d0, hé thong kho c6 thé hoat dong theo ché do song cong phan chia theo
tan s6 FDD, ma dugc st dung theo ché do song cong phan chia theo thdi gian TDD.

Trong pham vi luan an, nghién ctru mét sb dang hé théng nhu sau:

SU-MIMO | Hé thong két nbi don nguoi dung

Cac hé E— .
théng MU-MIMO Hé thong két ndi da ngudi dung
thong tin ’ — ‘
vO tuyén FD-MIMO H¢ thong ket noi kich thudce day du

TDD-MIMO | Hé thdng két ndi phan chia theo thoi gian

Hinh 1.4. Cac h¢ théng vé tuyén sir dung nhiéu ing ten dé xuit nghién ctru

SU-MIMO: Hé théng v6 tuyén don ngudi dung, 1a mot phan tuy chon cua
chuan 802.11n ra mat vao nam 2007, n6 cho phép giri va nhan dir liéu dén mot thiét
bi cung luc, néu co6 nhiéu thiét bi truy cdp cung luc, thi tbe do xir ly cua nd van
nhanh hon so véi router thong thuong [108].

MU-MIMO: Hé thdng v6 tuyén da nguoi ding, cong nghé xuat hién vao nim
2013 cung thoi diém vé6i chuan 802.11AC ra doi, day 1a mot chuan khong day méi
c6 tdc do truyén 1én dén gigabit/gidy, cong nghé nay cho phép vira truyén va nhan
dén nhiéu thiét bi khac nhau cung luc, thay chi mot thiét bi nhu SU-MIMO, do c6
thé gdi va nhan dir li€u cung luc dén nhiéu thiét bi khac nhau, nén cong nghé nay rat
pht hop voi nhitng mdi trudng nhiéu ngudi st dung, nhat 1a thudng xuyén xem
phim, choi game online., hé thong khong doi hoi thiét bi nhan (nhu dién thoai, may
tinh bang...) phai c6 nhiéu ang ten nhung bét budc thiét bi nhan phai hd tro chuin

802.11AC [108].
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MU-MIMO

gt u k0 it
GOT VA NHAN DEN MOT THIET BT CONG LUK GOT VA NHAN DEN NHIEU THIET B] CUNG LUC

Hinh 1.5. H¢ thong don nguoi dung va da ngudi dung [108]

FD-MIMO: Hé théng vo tuyén sir dung nhiéu ang ten kich thudc day diu duoc
biét dén véi tén goi Full-Dimension MIMO (FD-MIMO) trong phién ban 13
(Releasel3) ctia ho tiéu chuan 3GPP LTE-Advanced Pro, bang cach sir dung hang
chuc, hang trim ang ten & tram gdc dé phuc vu ddng thoi hang chuc thué bao trong
mot cell, cong nghé ndy s& gop phan quan trong trong viéc dap umg yéu cau hiéu
qua str dung pho tan rat cao cia mang thong tin di dong thé hé thir 5 (5G). Hé thong
v tuyén str dung nhiéu ang ten kich thudc day du, hé thong ang ten co thé tao thanh
mot chium theo ca hudng ngang va doc sao cho c6 thé bao phu va tip trung vao &

bét ky ddu trong khong gian [65], [66], [84].

2D AAS

A
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Hinh 1.6. H¢ théng FD-MIMO [108]
Hé thong vo tuyén sir dung nhiéu ang ten khong dong nhét, tir goc d6 kién tric,

hé thong Hetnet c6 thé duoc xem nhu 1 cu tric cac thanh phan cua cic mang truy
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nhap vo tuyén (RANs), cac té bao va chic ning wifi hoat dong trong cung moi
truong va cac tai nguyén dit liéu dugc phan bd két hop [85], cac mang khong dong
nhit gin day d3 tré thanh mot chu dé nghién ciru chinh trong truyén thong khong
day do tiém ning 16n cua nd dé cai thién ving phu séng va dung luong cia mang
khong day. Trong cac t& bao Hetnet cac té bao siéu nho, micro, pico va cac tram co
s c6 vung phu song nhéd co thé duoc dat & céac vi tri khac nhau dé cai thién hiéu qua
str dung nang luong vi cac té bao nay hoat dong trong macrocell cé thé cung cép
chat luong dich vu cho nguoi dung gan d6 [109].

TDD-MIMO: H¢ théng v6 tuyén sir dung nhiéu ang ten phan chia theo thoi gian,
thuong st dung cho hé théng da nguoi dung cho ca dudng l1én va dudng xudng,
trong d6 dudng 1én duge goi 1a kénh da truy nhap, duong xudng goi 1a kénh quang
béa (broadcast channel), trong kénh quang ba, mdi may dau cudi nhan cac dit liéu
khac nhau. Trong ca duong 1én va dudng xudng, ludn co cac két nbi dong thoi hoat
dong phan chia theo thoi gian trong viéc khai thac sir dung mot sé lugng 16n nguoi
dung, mot thué bao s dung dich vu gé)m co 2 kénh, kénh truyén tin hiéu va kénh
pilot, vi thé hé théng da ngudi dung sé& tiéu tén nhiéu tai nguyén cho viéc truyén
thong tin pilot & ca hai chiéu [103],

(a) Uu diém ciia hé thong thong tin sir dung nhiéu dng ten

Hé thong thong tin nhiéu dng ten c6 mot sé wu diém sau [6], [9], [12]:

Tang dung luong 1én 10 1an hodc 16n hon va dong thoi cai thién hiéu qua ning
lwong phét xa 18n t6i nhiéu l1an, viéc ting dung luong 13 két qua cua viéc str dung
ghép kénh khong gian tich cuc sir dung trong hé théng. Mot van dé ta c6 thé thy 1a
khi hé théng sir dung s6 luong 16n dngten 1én t6i hang trim thi nang luong c6 thé
tap trung vao khu vuc nho.

Chi phi thiét bi thap do co thé dugc xdy dung v6i cac phan tir cong sudt thap va
gia thanh ré hon. Hé thng nay s& thay thé cac bo khuéch dai dat do trong cac hé
thong truyén théng bang hang tram bo khuéch dai v6i chi phi ré v6i cong suat dau

ra chi khoang vai mW, mot sd thanh phan cong kénh dét do vi du nhu cap dong truc
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16n s€ dugc loai bo, gidm thiéu nhitng han ché vé d6 chinh xé4c cua chudi RF va bd
khuéch dai riéng le.

Giam thiéu dang ké do tré trong giao dién v6 tuyén, hiéu ning cta cac hé thong
thong tin khong day thuong bi giéi han boi hién tuong fading, hién twong nay cé thé
lam cho cuong do tin higu thu duoc rit nho tai mot s6 thoi diém noé xay ra khi ma
tin hiéu giri tir tram gdc di theo nhiéu duong khac nhau hay noi cach khac 13 hién
tuong da duong xay ra trude khi tin hiéu t6i ddu cudi, don gian héa & 16p da truy
nhap. Do luat s6 16n, kénh khong ddi do vay viéc lap lich mién tan s khong can,
mdi dau cubi c¢6 thé nhan duoc toan bd bang thong, ma st dung cho hau hét du thira
tin hiéu diéu khién 16p vat Iy.

Thiét ké hé thong nhiéu dng ten c6 thé lam 6n dinh hon boi vi hé thong nay
dugc thiét ké boi hang trim 4ng ten nén ngay ca khi c6 hong hoc mot vai angten
cling khong anh huong dang ké dén hé thdng, cac dng ten bi truc tric co thé duoc
thay thé nong ra khoi hé thong.

(b) Thach thirc ciia hé thong vé tuyén sir dung nhiéu dng ten

Hé thdng nhiéu dng ten co thé ap dung vao trong thyuc té mic di con c6 nhiéu
thach thirc ma can phai duoc tinh toan va nghién ctu, dudi ddy 13 mot sé thach thirc
chinh [6]:

D¢ phuc tap trong tinh toan 16n, voi hé théng kich c& lon, vi¢c xu 1y tinh todn
c6 @6 phuc tap 16n hon cac hé théng truyén thong, thut toan ZF duogc sir dung
trong hé thong c6 hiéu ning tét hon so véi thuat toan MRC/MRT, diéu d6 dong
nghia véi viée thuat toan co6 dg phuec tap 16n hon.

Hé théng st dung ché d6 song céng phan chia theo thoi gian (TDD) va song
cong phén chia theo tan sé (FDD) c6 thé ap dung duoc vao trong hé thong vo tuyén
nhiéu dng ten bang thiét ké phuong thirc tién ma héa hiéu qua dua trén thong tin
trang thai kénh riéng hodc tham chi 1a khong c6 thong tin trang thai kénh, hoac co
thé str dung ¥ tudong cam bién nén (compressed sensing) dé giam thiéu mao dau

thong tin phan hdi. Tai tram gbc, cac dng ten thuong twong quan khi dit qua nhiéu
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vao mot chd nhat dinh, do twong quan giira dap mg xung cua kénh tir nhiing ing
ten khac nhau nén chung ta khong can c6 thong tin trang thai kénh CSI cho mdi dng
ten riéng biét. CSI c6 thé dwoc chén vao dau tién va sau do chi co thong tin can thiét
dugc phan hdi tré lai, tram géc 6 thé xay dung dugc CSI tir nhitng thong tin nhan
dugc, trong cach ndy, mao dau cho thong tin phan hdi CSI ¢6 thé duge giam bot.
1.1.3. Hiéu qua ndng lwong trong cdc hé thong théng tin v tuyén

Khai niém sir dung nang luong hiéu qua (thuong duoc goi ngan gon 13 hiéu qua
st dung niang luong hay hiéu qua ning luong) 13 muyc tiéu cua nhitng nd lyc nham
giam nang luong can thiét cung cap cho cac san pham va dich vu, viéc cach nhiét
mdt cong trinh cho phép cong trinh d6 sir dung it niang lwong hon dé sudi 4m va lam
mat ma van duy tri nhiét d6 thoai mai, lép dat dén huynh quang hodc ctra s6 mai léy
sang tu nhién gop phan 1am giam ning lugng can thiét ma van dat dugc cing mot
mirc d6 chiéu sang so véi sir dung anh sang tir bong dén soi dot truyén thong, dén
huynh quang tiét kiém tiéu thy it hon 2/3 ning lugng va c6 thé c6 tudi tho lau hon
gp 6 dén 10 14an so véi dén soi dot.

C6 nhiéu 1y do khac nhau dé cai thién hiéu qua nang luong, giam sir dung ning
luong gép phan 1am giam gia thanh ning luong va c6 thé tiét kiém chi phi tai chinh
cho nguoi tiéu thu. Theo Co quan Ning luong Qudc té, cai thién hiéu qua ning
luong trong cac toda nha, quy trinh céng nghiép va giao thong van tai co thé lam
giam khoang 1/3 nhu cau ning luong thé gii vao nam 2050, dong thoi gitp kiém
soat viéc thai khi nha kinh toan cau, hiéu qud nang lugng vanang lugng tai
tao dugc cho 1a nhitng tru cft song sinh cta chinh sach nang lugng bén virng. Tai
nhiéu qudc gia, hidu qua nang luong ciing duoc danh gia 1 mang lai loi ich an ninh
qudc gia vi co thé sir dung dé lam giam muirc nhap khiu niang luong va lam gbp
phan 1am giam tdc do cac ngudn ning luong trong nudc

Lién minh vién thong thé gigi (ITU), 1a t6 chirc vé ICT cua Lién hop qudc, va
Vién tiéu chuan hoa vién thong Chau Au (ETSI) da cung phdi hop dé thong nhat

tiéu chuan sir dung danh gid hi¢u qua nang lugng trong mang vo tuyén, ti€u chuan
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méi ndy c6 tén “Danh gia hiéu qua st dung ning lugng va hé do trong mang vién
thong” (ITU-T L.1330) dugc phat trién boi nhém nghién ciru sé 5 cia ITU va ay
ban coéng nghé vé k¥ thuat moi trudng cua ETSI, dong thoi cé sy tham gia cia
nhom 3GPP cua Hiép hoi di dong thé gidi GSMA. Theo ITU thi tiéu chuan nay
dugc ban hanh nham giai quyét thuc té 13 t6i wu hiéu qua sir dung ning luong trong
toan by mang ludi khong thé thuc hién thong qua t6i wu mot sb thiét duoc sir dung
trén mang. T6 chirc ndy cho rang tiéu chudn niy s& dwa ra mot cach nhin tong quat
hon vé mang truy nhap v tuyén va anh huéng cia twong tac trong két ndi giira cac
thiét bi trong mot mang vién thong phurc tap va s& dugc str dung dé udc tinh hiéu
qua st dung ning luong trong toan bd mang ludi. Tiéu chudn vé danh gia hiéu qua
st dung ning luong nay s& dugc ap dung cho tram thu phat song vo tuyén dién, hé
théng diéu khién tram géc va céc thiét bi ha tﬁng O cac tram vO tuyén khac duogc st
dung trong céc cong nghé di dong nhu GSM, UMTS (3G), LTE (4G) hay LTE-
Advanced.

Theo [13] hiéu qua str dung ning luong (hay hiéu suat ning luong), ky hiéu 1a
EE (Energy Efficiency) c6 don vi 1a bit/Joule, duwoc dinh nghia 1a ty sb giita tong dit
liu (lwong thong tin) duogc trao doi R, (don vi la bit/second) va cong sut tiéu thu

téng P, (don vi 1a Watt = Joule/second).

EE="L (1.4)

Hiéu qua ning luong ctia hé thong thong tin di dong phu thudc vao nhiéu yéu td,
trong pham vi nghién ctru, ludn 4n chi phan tich tbc do dat duoc, dam bao chat
lugng thong tin cling nhu cong suét tiéu thu sao cho mang lai hi¢u qua nang lugng
tdt nhat cho hé théng, vi€c str dung hi€u qua mang lai rat nhiéu 1gi ich va su quan

tam cua cac tod chuec.
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1.1.4. Loi ich cua viéc su dung hiéu qua nang luong

Gidm chi phi vdn hanh: Nhu ta da biét, chi phi nang luong chiém ty 1¢ 16n trong
chi phi van hanh cta hé thong mang di dong. Theo nhu cong thic (1.4), va biét rang
dit liéu trao doi béng chiéu dai khung nhan voi tdc do trao ddi dir liéu, do do, néu
mudn ting hiéu qua str dung ning luong thi ta can phai giam cong suét tiéu thu tong
hodc tang tbc d6 dit liéu. Nhu chung ta da biét, su phat trién cua thé hé mang di
dong ludn gén véi viée tang tbc do hé théng, tuy nhién, diéu d6 c6 thé kéo theo hé
thdng phtrc tap, nhiéu thanh phan hon, 1am cho cong sut tiéu thu ning lugng tong
tang 1én, yéu t then chdt lam cho hé théng sir dung nang luong hiéu qua 1a cong
suat tiéu thy.

G6p phan bdo vé méi trieong: Bién doi khi hau ngay nay 1a mot van dé toan cau,
va 12 van d& dit ra cho bat ky nganh cong nghiép nao. Theo théng ké, nganh cong
nghé thong tin va vién thong (ICT) gép khoang 2% lugng khi thai cdc-bon trén trai
dat, trong d6 cac mang thong tin di dong gop 0,2% luong khi thai cac-bon trén trai
dat. Theo xu huéng ndy, c6 khoang 65% cac nha cung cip dich vu vién thong trén
thé gidi coi van dé thay ddi khi hau 1a van dé quan trong trong viéc hoach dinh
chinh sach phat trién chién lugc ctia minh.

Tang tinh canh tranh: Viéc giam chi phi van hanh nho st dung hi€u qua ning
luong cho phép cung cap dich vu vién thong véi gia ré hon, ciing cho phép cac nha
mang su dung sb tién d6 dau tu thém céac thiét bi, nhan luc dé nang cao hon chét
luong dich vu clia mang. Theo nghién ctru trén toan thé gidi, c6 85% nguoi s dung
dich vu san sang thay ddi nha cung cép dich vu mang hodc thay ddi thoi quen su
dung dich vy néu diéu dé c6 ich cho viée cai thién mai truong toan cau.

Tao diéu kién mo réng thi truong: Cac nha cung cdp mang vién thong dang phai
d6i mat véi nhitng thach thie 16n trong qué trinh mé rong pham vi pha séng, can
phai phuc vu thém hang triéu thué bao mai ¢ cac vung néng thon, hai ddo, vira phai
thoa man cac yéu cau ciia thué bao, va cac nha quan 1y vé moi truong trai dat. Thém

vao do6, can phai tim cach cat giam chi phi hoat dong, trong khi van hd trg luu luong
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dir liéu nguoi dung theo xu thé ting lién tuc va duy tri vi thé canh tranh véi cac ddi
thii. Trong d6 véi nhitng thi trudng dang phat trién, luong thué bao mai s& tap trung
& cac vung nong thon, ving sau ving xa c6 dién ludi khé tiép can, ude tinh chiém
dén 60% dén 80% tong sb thué bao phét trién méi. Hiép hoi GSM wéc tinh dén nam
2025 s& c6 118.000 tram phat song sir dung cac ngudn niang luong thay thé trén
khip thé gi6i (viéc thay thé nay c6 thé tiét kiém toi 2,5 ty lit diesel va giam 6,3 tan
khi thai CO> mbi nam). Do d6, néu sir dung hiéu qua ning luong s& gop phan cho
nha mang c6 tién dé mo rong va phat trién thi truong.
1.1.5. Sw quan tam ciia cdc t6 chirc trong nwde va quoc té

Tai Viét Nam, hing nim, Bo Thong tin va Truyén thong di to chirc cac cudc
hoi thao dé ban vé cac van dé tiét kiém nang lugng va han ché hiéu ung nha kinh
trong cac nganh cong nghi¢p khong khoi, dac biét la Nganh codng nghé Thong tin va
Truyén thong. Hiéu qua niang luong khong chi tac dong tich cuc hitu hinh vé tiét
kiém nang lugng, ma con giup dat dugec mdt loi nhuan lau dai, bén viing cua cac
nha khai thac va cung cip dich vu di dong, ngoai ra, cac yéu té phi ky thuat, nhu gia
ca, chién luge tiép thi, xdy dung phép luat, chinh sach, nguoi st dung than thi¢n....
cling s€ dong vai tro quan trong trong su thanh cong nay, cac nha khai thac mang
vién théng dang rat quan tdm dén viéc giam ning lugng tiéu thy boi cac hé thong
ctia minh, mot s6 nha mang Vién thong 1én nhu Vinaphone, Mobiphone va Viettel
déu dang ap dung cac cong nghé tiét kiém mirc dién ning tiéu thy cho tram gbc. Vi
du, Viettel dang ap dung cong nghé BTS Power Saving ma khi thir nghiém cho thay
mdi tram gbc 2G hodc 3G c¢6 thé giam 17% nang lugng tiéu thy, khoang 2.000
kWh/nam ma khong anh huong chat luong mang

Nhiéu t6 chirc qudc té dang quan tim dén van dé ning lugng noi chung va van
dé niang luong trong mang vién thong noi riéng. Sau ddy 1a tom tit mot s thong tin
véi muc tiéu chinh 1a nhdn manh vao tim quan trong cua viéc st dung hi€u qua

ning lwong v6i xu hudng chung cua thé gidi.
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(a) Lién minh vién théng quoc té (ITU)

Véi vai tro 1a mot t6 chire tiéu chuan qudc té, ITU-T ciing da va dang quan tim
mdt cach sau sic dén van dé sir dung hiéu qua ning lugng trong linh vuc cong nghé
thong tin ICT noi chung va vién thong néi riéng. ITU da phdi hop véi céc to chiic,
co quan khic nhau trén thé gidi t6 chirc cac “Tudn tiéu chuan xanh”. Muc dich
chinh ctia “Tudn tiéu chudn xanh” 13 ting cudng nhan thirc, trao ddi thong tin vé
tam quan trong va co hoi dé str dung cac tiéu chuan ICT dé xay dung mot nén cong
nghiép vién thong xanh.

(b) Vién tiéu chudn vién théng chau Au (ETSI)

ETSI 1a t6 chtrc tiéu chuan ho4 thiét bi vién thong hang dau trén thé gisi, mot s6
Uy ban k¥ thuat cia ETSI nhu Environment Enginerring (EE) va Access, Terminals,
Transmission and Multiplexing (ATTM) dang tich cuc nghién ctru cac giai phap dé
tang hiéu qua st dung ning luong cua thiét bi vién théng néi chung va thiét bi mang
thong tin di dong noi riéng. Két hop véi to chirec 3GPP, ETSI dang tiéu chuan hoa
céc thong sé dinh luong va cac phép do danh gia hiéu qua st dung ning lugng.

(c) Lién minh dy én thong tin di dong thé hé 3 (3GPP)

Tb chirc 3GPP d3 t6 chic nhiéu budi hoi thao va dua ra ban luén, danh gia céc
giai phap vé sir dung hiéu qua nang lwong nhu: sir dung cac ngudn ning luong xanh
thay thé, cac k¥ thuat va cong nghé gitp cho giam thiéu ning luong tiéu thy va vén
hanh cta hé thong mang. Cac nhém nghién ctru ciia 3GPP nghién ciru va tap hop
cac dé xuat vé cong nghé va tiéu chuan ddi véi mang truy nhap vo tuyén lién quan
dén van dé s dung tiét kiém va hiéu qua nang luong nhu duoc trinh bay trong mot
s6 bao cdo sau ddy:

3GPP TR 45.926, “Potential solutions for energy-saving for GSM/EDGE radio
access BTS™: tai liéu nay nghién ciru vé cc giai phap tiét kiém nang lugng tiéu thy
hoat dong ctia BTS GSM/EDGE, phén tich va danh gia cac giai phap khac nhau dé
xac dinh mac dJ st dung hiéu qua nang lugng so véi muc ti€u thu ndng lugng cua

BTS GSM/EDGE truyén théng.
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3GPP TR 36.927, “Potential solutions for energy saving for E-UTRAN: tai liéu
nay trinh bay mot sb giai phap tiét kiém niang luong cho mang truy nhap 3G. Trong
khi céc gidi phap trong 3GPP TR 25.927 chi tap trung tirng tram NodeB don 1¢, cac
giai phap trong tai liéu nay tap trung vao viéc két hop cac tram NodeB dé ting hiéu
qua su dung nang lugng cua ca mang.

3GPP TR 32.826, “Study on energy savings management (ESM)”: tai li¢u nay
tap trung nghién ctru cac giai phap giam sat va quan ly viéc ti€u thu nang luong qua
OAM trong mang LTE/SAE. Vi du cua cac giai phap loai nay la giam cong suét
phat va chuyén trang thai tram gbc dua trén cac két qua do trén mang.
(d) Lién minh GreenTouch

GreenTouch dugc thanh 1ap nam 2010 va la td chure 1ién minh bao gém hiép hoi
cong nghé thong tin va truyén thong (ICT), cac t6 chirc nghién ciru phi chinh phu va
vién nghién ctru, chuyén vé truyén thong va mang dir liéu, trong d6 bao goém ca
Internet. Pham vi hoat dong cua lién minh nay 1 nghién ctru va d& xuit cac giai
phap nham giam dang ké lugng khi thai cacbon sinh ra tir cac thiét bi, nén tang phan
cing va mang cua ICT. Muc ti€u cua td chuc 1a dua ra céc kién trac, dic ta ky thuat
va 10 trinh dé tang hiéu qua st dung nang lugng gép 1000 14n so véi mic d6 hién
nay. Céc thir thach vé ky thuat chinh dat ra d6i voi kién tric nay can nghién ctru d6
la: Phan tich dinh luong cac vu diém co ban cua kién trac thé hé mang té bao xanh;
Thiét ké cac co ché phat hién cua mang bao hi¢u dé co thé léy thong tin vé vi tri
nguoi su dung, kha nang cua thiét bi dau cudi, dich vu va cac chi phi ddi véi nang
luong; Nghién ciru va dé xuét cac thiét ké giai thuat lya chon ngudn tai nguyén dé
nhan dang cac yéu cau truy nhap phu hop véi diém phuc vu luu luong, va kich hoat
cac ngudn tai nguyén vo tuyén; Xéac dinh kién tric mang bao hiéu va cac chic ning,
cac co ché lién két gifra mang bdo hi¢u va cdc mang dir liéu khac nhau. Dy an cong
nghé truyén dan xanh (GTT): tap trung vao viéc nghién ctru thiét ké sir dung hiéu
qua ning luong cua cac co ché truyén din va chinh sach quan 1y ngudn tai nguyén

v tuyén. Cac tiéu chuan hé thong mang di dong LTE/LTE-Advanced hién nay quy
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dinh mdi tram gbc c6 tdi da 8 dng ten va phuc vu ddng thoi t6i da 8 thué bao, viéc
str dung rat nhiéu dng ten cho phép tap trung ning luong dén ding dng ten & thiét bi
dau cubi dé tang cong suét tin hiéu mong mubn & thiét bi dau cudi can phuc vu va
giam nhidu giita cac tuyén thong tin. Tai cudc hop cuia 3GPP vé dinh hudng lua
chon céc cong nghé cho 3GPP Rel-12, cong nghé truyén dan st dung dng ten co rat
nhiéu phan tir d3 duoc nhiéu hing san xuit thiét bi d& xuat lam mot trong nhiing
cong nghé chinh dé tang téc d6 dir liéu dong thoi ting hiéu qua sir dung ning luong
cho mang thong tin di dong 5G.
1.2. Cac tham s6 chat lwong dich vu anh hwéng téi ning lwong hé thong

Trong vién thong, mot linh vuc can duge dau tu 16n vao k¥ thuat va cong nghé
tién tién thi chat luong ludn ludn 13 yéu té quyét dinh su thanh bai va rd rang khong
duoc xem nhe chat lugng dich vu. Thong thuong chét lugng dich vu trong mang
thong tin di dong mit dat duoc danh gia qua cac b tham sé nhu ty 16 thiét 1ap thanh
cong, ty 1é bi roi, diém chat luong thoai, toc do tai dir liéu [54]. Viéc do kiém, quan
1y chat lugng dich vu theo huéng nhu vay 13 quan 1y theo QoS, trong mang vién
thong dugc dinh nghia cy thé qua cac tham sb k§ thut duoc lwong hoa 13 rang. Tuy
nhién, hién nay cong nghé¢ mang dang phat trién rt nhanh, xu hudng hoi tu trén nén
mang IP nén QoS khong con 1a yéu t6 duy nhat mang tinh quyét dinh ma cac yéu to
dan tré nén quan trong hon dé phan biét muc do va danh gia cac nha cung cép dich
vu la nhitng gé1 dich vu dugc thiét 1ap tdt dén murc nao theo nhu cau ca nhan cua
khach hang st dung dich vu, day chinh 1a tién dé dan dén khai niém chat luong trai
nghiém QoE [55]. Su dich chuyén tir quan 1y QoS dén QoE két hop cong tac do
kiém so sanh ddng thoi chét lugng dich vu cua cac nha cung cép dang ngay cang
quan tam.

Theo khuyén nghi ITU-TE.800 thi QoS 1a tip hop tat ca cac dic tinh vé ning
luc théa man nhu cau can thiét cuia mot dich vu cho nguoi st dung da dugc nha
mang cong bd vé dich vu d6. QoS trong cac mang thong tin di dong dugc xac dinh

nhu 13 tip cac ning luc ciia mang cung cip dich vu cho khach hang [56] [57] [58]
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bao gém: chét lugng thoai cao, muc thu tdt; xac sudt bi khoa thu va ty 1€ roi cude
goi thap; tc do dit liéu cao cho cac ung dung da phuong tién va truyén dir liéu.
Trong pham vi nghién ctru, ludn an xét dén cac tham sd chét lugng nhu sau:

- Bing thong (bandwidth): Téc do cac géi tin truyén qua mang, toc do truyén tin
cuc dai ludn 14 wéc mudn cta nha mang va khach hang

- Tré (delay): Thoi gian truyén géi tin tir mot thiét bi dau cudi nay dén mot thiét bi
dau cubi khac. Do tré truyén géi tin cang nho cang tot;

- Ty 1& mat goi tin (packet loss rate): Ty 1é giira goi tin bi mat va tong sd goi tin da
truyén. Yéu cau ty 16 mat géi tin phai nho;

- Ty 18 15i gbi (packet error rate): S6 bit bi 151 trong mot géi tin. Ty 1& nay cang nho
cang tot;

- Do tin cdy (reliability): D6 kha dung cuia mot két ndi truyén thong, cho ca tuyén
thudn va ngugc, do kha dung yéu ciu phai cao;

- Cong suit phat (Pt):

- Cuong d6 may thu (RSS):

- Van tbc di chuyén (velocity):

Nhu vay, QoS duoc dinh nghia nhu 1 kha ning cia mot mang cung cap dich vu
voi muce d dam bao xéac dinh, trong khi d6 QoE lai phu thudc vao cdm nhén cia
chinh cac khach hang vé mot s6 dic diém nhu: Kha ning sir dung, kha ning truy
nhép, kha nang duy tri va mirc d§ nguyén ven cua dich vu dugc cép. Khong giéng
nhu QoS, QoE 1a su hai long ctia khach hang, hay con goi 1a chat lugng dich vu trai
nghiém thé hién chat lugng téng thé vé sy cam nhan cua nguoi su dung dich vu do.
1.3. Cac két qua nghién ctru lién quan dén hiéu qua ning lwong

Sau qué trinh thu thip cac nghién ciru cta cac tac gia di trude vé van dé sir dung
hiéu qua nang luong trong hé thong vo tuyén sir dung nhiéu ang ten, nghién ciu
sinh nhan thay va tong hop cac nghién ctru trudc ddy tap trung vao 3 hudng chinh

dugc tong hop nhu sau:
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Thr nhat: Nghién ciu cic giai phap st dung hiéu qua ning luong trong hé
thdng v6 tuyén st dung nhiéu dng ten tap trung vao toi wu hoa phan cing, ciu tric
16p vat 1y, tich hgp céc tram gé)c BSs, giam cong suét tiéu thu tai BSs béng cach ché
tao cac vat lidu thich hop, ting tudi tho pin cho thiét bi dau cudi MS. Mot sb giai
phap cho hiéu qua ning luong trong phan cimg, cu trac vat Iy tai cac tram gdc BSs,
cc thiét bi dau cudi MSs dugc nghién ctru va trinh bay trong [14],[33], [34], [35],
[40], [41].

Thir hai: Nghién ctru cic giai phap sir dung hiéu qua ning lugng trong hé théng
vO tuyén sir dung nhiéu dng ten tap trung vao kién tric hé thdng, tdi uu kich thudce
cta cac té bao, tu dong cAu hinh lai hé théng khi can thiét va chuyén giao dich vu
khong déng nhét gilta cac nit mang v4i cac tham sb lién quan chat luong dich vy
dam bao hodc ché do bat/tit hay ché do ngu cua cac tram géc khi khong cé luu
lugng hay dich vu yéu cAu. Viéc tiét kiém nang lugng s€ dugc thuc hién hiéu qua
tai cac ndt mang bao gém cac tram géc BSs, viéc tiét kiém nang lugng tai BSs dugc
thuc hién s& mang lai mac hiéu qua dang ké do BSs 1a phan tiéu thy ning luong chi
yéu. Pé giam luong ning luong tiéu thu cua BSs, 1a tat Bs khi luong truy cap rat
thip, dong thoi, dung luong ciia mot BS tit s& duge quan 1y bai mot BS phdi hop,
dong ning lugng sin sang va luong ning luong khong san co trong mot mang
truyén thong co thé tinh toan truéc duge, cic nghién ciru thuc hién trinh bay trong
[15], [21], [22], [37], [38], [39], [45], [46], [47], [48], [49], [50].

Thir ba: Quan Iy hiéu qua phd tan, thich Gng tai luu luong, ting sé lugng dng
ten dich vy, udc luong kénh, diéu ché ma hoa trude nham tdi vu cong suét tiéu thu
ctia cac thiét bi lién quan trong tram géc, tiét kiém cong suét tiéu thu cta cac thiét bi
va nang cao hi¢u qua str dung nang lugng, cac nghién ctru da thyc hién trinh bay

trong [16], [17], [18], [19], [22], [23], [24], [25], [26], [36]
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Nghién ctru cac giai phap st dung
hiéu qua nang lugng trong h¢ thong
v6 tuyén nhi€u ang ten

A 4

Phan ctng (Téi vu hoa
phan cimg hé théng, cdu

trac vat ly, tich hop céac
tram BSs, st dung va ché

Kién triic hé thong (THi vu

kich thudc té bao, tu dong caul

hinh hé théng khi can thiét,
chuyén giao dich vu gitta cac

Quan 1y pho tan (thich ung
tai luu luong, didu ché ma
hoa va giai ma trudc, truyén
thong hop tac, nhan thirc,

tram BSs dém bao chét’ lwong
dich vu va ché do bat/tat BSs,
ché d6 ngu cua BSs)

tao linh kién véi vt liéu
thich hop, tang tudi tho pin
cho thiét bi dau cudi MSs)

tang so lwong ang ten dich
vy, uéc lugng va toi wu
kénh thong tin),

Hinh 1.7. Tong hop cic giai phap sir dung hiéu qua ning lrgng trong hé thong

v0 tuyen sir dung nhiéu Ang ten

Cu thé phan tich cac két qua nghién ciru clia cac tac gia di trude duoc trinh bay
chi tiét trong phan tiép theo dugc phan chia theo muc céc két qua nghién ctru trong
nude va nghién ctu trén thé gioi.

1.3.1 Cac nghién cvru trong nwoc

O Viét Nam, sd luong cac két qua nghién ctru vé cac van dé lién quan dén hé
thdng v6 tuyén st dung nhidu dng ten con rat han ché, c6 mot s nhom nghién ctru
& Viét Nam di va dang nghién ctru vé hé thdng thong tin v6 tuyén MIMO va van dé
ning lugng. Dudi day la nhiing nghién ciru dién hinh da c6 két qua cong bd: PGS.
TS. V& Nguyén Qudc Bao ¢ Hoc vién Cong nghé Buu chinh Vién thong nghién ctru
vé truyén thong vo tuyén hop tac [14] va vin dé thu thap ning luong trong cac hé
thdng thong tin vo tuyén [15]; TS. Truong Trung Kién ¢ Vién Khoa hoc K thuét
Buu dién, Hoc vién Cong ngh¢ Buu chinh Vién thong, nghién ciru vé hé théng
thong tin vo tuyén stir dung nhiéu ang ten, cic thudt toan tng dung trong tiét kiém
nang lugng va thu thap nang luong trong h¢ théng MIMO [16] [17] [18] [19];
PGS.TS. Tran Xuan Nam, tai Hoc vién K§ thuat Quan sy va TS. L& Minh Tuén,
Trung tim Nghién cGu va Phat trién MobiFone, Tong cong ty Vién thong
MobiFone, nghién ciru vé ma hod khong gian - thoi gian trong hé théng théng tin st

dung nhiéu ang ten truyén thong, truyén thong vo tuyén hop tic va diéu ché khong
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gian cho hé thong thong tin vo tuyén sir dung nhiéu dng ten [20], Mot s tac gia da
nghién ctru vé udc luong kénh trong hé thong thong tin vo tuyén sir dung nhiu dng
ten va nghién ciru vé khir nhidu kénh hoa tiéu trong hé théng thong tin vo tuyén st
dung nhiéu dng ten va truyén théng hop tac khong két hop

[21],[22],[23],[24],[25].[26].

1.3.2 Cic nghién ciru trén thé gici

Véi su bung nd cia ung dung toc do dir liéu cao trong cac mang khong day,
hiéu qua sir dung ning luong trong truyén thong khong day thoi gian gan day da thu
hat duoc sy chu y ngdy cang ting tir cac cong ddong nghién ctru. Cho dén nay, hiéu
qua ning luong trong cac hé thong vo tuyén di duoc nhiéu nha nghién ciru trén thé
gidi khao sat va nghién ciru. Ngoai ra, mot s6 du 4n nghién ctru qudc té danh riéng
cho hiéu qua niang luong trong truyén thong khong diy dang duoc thyc hién nhu du
an EARTH [27][28], OPERANet [29][30], va eWIN [31][32].

Hé thong thong tin v6 tuyén str, dung nhiéu dng ten dang 1a mot van dé nghién
ctru thu hat duge nhiéu sy quan tAm trén thé gidi. Cac nhom nghién ciru tap trung
vao nhiéu van dé khac nhau nhu phéan tich hi¢u nang hoat dong cta céc cAu hinh hé
théng cu thé, tdi wu toe do truyén tin, gidm nang luong tiéu thy, khi nhiéu kénh hoa
tiéu, thiét ké cac bd phat dap. Mot s6 nghién ctru lién quan dén van dé hiéu qua sir
dung ning luong cua hé thong thong tin str dung nhiéu ing ten co thé ké ra nhu sau:
Daehan Ha, Keonkook Lee, and Joonhyuk Kang, nghién ctiru mé hinh céng suét tiéu
thu méi khong chi bao gdm cong suat phét trén bo khéch dai cong suat ma con la
cong suét tiéu thu mach béi cac thanh phé‘ln cua tram géc. Tt mo6 hinh mdi dua ra
dugc cong thuc tinh hi¢u qua nang lugng, sau dé xac dinh sb ang ten can thiét dé
mang lai hiéu qua ning luong cho hé thong st dung nhiéu ang ten [33]; Emil
Bjornson, Luca Sanguinetti, Jakob Hoydis and Mérouane Debbah, nghién dua ra
mod hinh danh gia hiéu qua ning luong cua hé thong tir d6 tim ra duoc sd phan tur
ang-ten, s6 nguoi dung va cong suét phat tdi wu mang lai hiéu qua cia hé thong sir
dung nhiéu dng ten [34][35]; J. Hoydis, S. ten Brink, and M. Debbah, nghién ctru
cac duong 1én (UL) va duong xudng (DL) clia mang phén chia thoi gian (TDD), gia
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dinh s6 N ang-ten cho mdi tram gbc BS va sb K cua thiét bi dau cudi nguoi ding
MS sau d6 wéc luong kénh, va suy hao dudng truyén, tinh duoc bao nhiéu ing ten
mdi BS 1a can thiét dé dat duoc n% gidi han hi¢u suét cudi cung véi vo han anten
va lam thé nao nhiéu anten hon 1a can thiét véi MF va BF dé dat dugc hiéu suit cua
sai s6 binh phwong trung binh ti thiéu (MMSE) va dung quy tic RZF twong tng
[36]; H. Yang and T. L. Marzetta, nghién ctru dya trén mé hinh LSA dé tinh toan
trong mdi trudong do thi day dic, mot LSA v6i sau muoi bén ODB dich vu ting
anten mdi t& bao, mdi ang ten tiéu thu mot nang luong ndi bo cua 128 mW [37];
Kwang-Cheng Chen, University of South Florida, nghién ctru cac mé hinh tiét kiém
nang luong trong hé théng vo tuyén, sir dung thudt toan may hoc, machine learning,
IEEE Wireless Communications, 2017 [38]; S. Maghsudi and S. Stanczak, nghién
ctru tiét kiém ning luong bang cach chuyén giao giita cac node str dung thuat toan
mo thong minh fuzzy logic [39]. Cac nhém nghién ctru tap trung vao thiét ké dua ra
md hinh danh gia hiéu qua ning luong cua hé thong tir d6 tim ra duoc sd phan tur
ang ten, tinh toan hiéu suit sir dung pho cua hé thdng thong tin sir dung ciu hinh sir
dung nhiéu ing ten ma chwa dénh gia hiéu qua ning lwong mot cach tbi wu, rd rang.
Cac két qua nghién ciru trén moéi chi tap trung vao hé thong don té bao va chua tap
trung vao da té bao, chua ap dung cac thuit toan thong minh trong viéc tinh toan
hiéu qua niang luong cta hé thong.

Mot s6 nghién ctru di phén tich hiéu qua niang lugng cua cac BSs, ma nhiing
BSs nay duoc sir dung dong thoi boi nhiéu hé diéu hanh, dé giam luong tiéu thu
nang luong va chi phi van hanh trong mang té bao, nghién ctru [45] d3 dé xuat xem
xét viéc chia sé mang, két hop véi viée tat BSs. Nhiing tac gia nay da gidi thiéu khai
niém moi ¢co tén la chuyén giao dich vy ndi vung intra-cell, néu ra kha nang MSs
ctia mot hé diéu hanh mang di dong cu thé s& dugc chuyén ving t6i mot BSs duoc
van hanh boi nhitng hé diéu hanh mang di dong khac, va hé diéu hanh s& tit BSs
true thude né. Tiép do, cac tac gia tiép tuc dé xudt mot co ché tit BS theo 1y thuyét
trd choi phan tan, noi ma té bao vi md BSs va té bao nhé BSs s& duge tit khi luu

luong truy cap thap va sau d6 cac BSs diéu hanh boi cac hé diéu hanh mang di dong
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s& phuc vu cac MSs dé dam bao chat luong dich vu. Nghién ctru [47] di dé xuit
hudng tiép can theo 1y thuyét tro choi, vi du nhu tro choi dua ra quyét dinh vé gia
va tro choi két hop nguoi sir dung, hudng tiép can nay dwa trén mbi quan hé giira
gia chuyén ving va su két hop cia nguoi st dung trong méi truong da hé diéu hanh
mang di dong. Nhom tac gia [48] di dé xuit phuong phap chuyén mach theo hanh
dong dya vao thyc té 1a mang ludi chua st dung néu tai luu lugng th?ip va do do cac
6 nho ctia bén thir ba ¢ thé duogc stir dung dé giam luu lugng truy cap ciia nd va BSs
c6 thé duge tat dé tiét kiém dién. Trong [49], tac gia dé xuit mot so dd chia sé co s
ha tang 1y thuyét tro choi, noi cac nha khai thic mang di dong udc tinh cac xac suat
chuyén ddi co thé 1am giam chi phi va can bang trang thai dat dwoc nham giam
thiéu chi phi cia mdi nha diéu hanh va duoc thu nghiém trén luu lugng dich vu
thoai va s6 li¢u.

Ngoai ra, mot sb nghién ctru cho mang 3GPP da dé xuét khai niém tach mat
phang dir liéu va mat phiang diéu khién cho mang riéng ré [50], trong kién tric riéng
biét, mot 6 macro bao phii mot ving rong va quan 1y tin hiéu diéu khién, va mot 6
nho bao gdbm mot ving nhoé va quan 1y dit liéu, Trong kién truc nay, té bao nho BS
c6 thé duogc tat, khi c¢6 it MSs v6i dich vu dit liéu trong ving phii song. Cong suat
phat ctia mot BSs ¢o thé dugce tiét kiém khi két ndi voi mang cung cap bang cach su
dung mot té bao 1on, ngoai ra, MSs c6 thé duoc ludn két ndi véi mot té bao macro
va chuyén giao lién tuc dé tiét kiém cong suit ctua BSs.

1.3.3 Mt s6 vin dé ton tai va han ché ciia cic nghién citu trude day

Qua thu thap va phan tich cic nghién ciru & trén, van con mot sb van dé chua
duoc dé cap dén trong cac nghién ctru trude day cu thé nhu sau:

(a) Dbi voi cac nghién ctru vé kién triic cac tac gia di trudc da tap trung tdi wu
kich thudc té bao, ty dong cdu hinh hé thdng khi can thiét, chuyén giao dich vu giira
cac tram BSs va ché do bat/tit BSs, ché do ngu cua BSs khi khong c6 tai luu lugng.
Tuy nhién trong nghién ctru chuyén giao dich vu, cac tac gia hdu nhu chi tip trung
vao nghién ctru vé chuyén giao “ctmg” giita cac dich vu khi luu lugng tai ting va

cac tham s6 chat lugng vuot ngudng, cac nghién ctru chuyén giao gitta cac dich vu
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ddng nhét, cac dich vu chuyén giao trong mot cell duge thuc hién ngiu nhién khi
¢ yéu cau dich vu tir cac ddu cudi ngudi dung nén xac sudt chuyén giao giita cac
dich vu dat mtc do chua cao, viée tiét kiém cong suét tiéu thu cta cc tram BSs
chua tbi vu.

(b) Cac nghién ctru vé t6i wu kénh thong tin, ting sé lwong ang ten dich vu tai
cac tram BSs khi s6 luong thué bao ting 1én chi tap trung vao cic ang ten & tram
gbc dé truyén dir liéu dong thoi t6i nhidu thué bao va thudng nghién ciru trong mo
hinh don cell, nén b qua mot sb tinh chat nhu nhiéu hoa tiéu, trong cac nghién ctru
chi tinh cong suét tiéu thy lién quan dén buc xa tin hiéu, hodc cong suét tiéu thu bao
gdm cong suat phat trén bo khuéch dai cong sudt va cong suét tiéu thu mach thanh
phﬁn ctia tram BSs va cac thiét bi tuong tu. Tu md hinh dua ra dugc cong thic tinh
hi€u qua nang lugng, sau d6 xac dinh dugc $6 ang ten can thiét nhung chi tinh cho
hé théng don cell véi nhiéu ang ten ¢ tram géc, va viéc xem x¢&t chi mét cell duy
nhét va bo qua tinh chat nhiéu tin hiéu hoa tiéu va nhiéu lién cell, nén viéc giam
cong suat tiéu thu trén tong dung luong truyén tin chwa hiéu qua hodc chi tinh duoc
hiéu qua ning lugng théng cong sut tiéu thy c¢b dinh trén tong dung luong truyén
tin cho trudec.

(c) Cac nghién ciru con han ché trong viée st dung céc tinh toan cac tham s
cu thé trong md hinh tiét kiém cong suat tiéu thu va hiéu qua nang lugng ma chua
str dung cac thuat toan thong minh hay thuat toan logic trong viéc dua ra quyét dinh
chuyén giao mém trong hé théng.

1.3.4 Huong nghién curu cua ludn dn

bpé dung hoa cac muyc ti€u la tdi da hoa hiéu qua st dung nang lugng cua mat
hé thong bang tinh toan tong cong sudt tiéu thu trén tong lugng thong tin truyén dian
trong hé thong vo tuyén st dung ang ten thi khong nén dung mét giai phap cho toan
bd hé théng ma can xem xét trén timg hé thong cu thé va co nhiing giai phap phan
tich khac nhau dam béo tinh hi¢u qua theo dac tinh cua tung hé théng. Trén co so
két qua phan tich cac han ché cua cac nghién ctru lién quan, cac hudng nghién ctru

trong luan 4n nay bao gom:
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(1) Nghién ciru md hinh str dung hiéu quéa ning lugng trong hé théng vo tuyén
st dung nhiéu ang ten kich thudc day dit FD-MIMO, giai phap chuyén giao “mém”
dich vu trong mang khong dong nhét bang cac thuat toan théng minh ontology trong
quyét dinh logic md chuyén giao giita cac dich vu khac nhau dwa vao ngir canh
thong tin dé ting xac suat thanh cong khi chuyén giao va giam tbi da cong suat tiéu
thy trong cac tram co s& ma van dam bao chat luong thong tin theo tiéu chuan quy
dinh cho phép quéan 1y hiéu qua ngudn tai nguyén hé théng

(2) Nghién ciru md hinh str dung hiéu quéa ning lugng trong hé théng vo tuyén
str dung nhiéu ang ten phan chia theo thoi gian TDD-MIMO. Téi vu hoa sb lwong
ang ten can thiét tai mdi tram gbc khi ting sd thué bao trong mot cell sao cho sb
thué bao cung cép dich vu dong thoi trong mot cell ludn nhiéu hon hon sé dng ten
cho phép tai tram gdc nham giam cong suat tiéu thu cia tram gdc va ting hiéu qua
str dung ning luong cua hé thong. Phan tich va tinh toan dwa vao tong luong thong
tin truyén tai, cong suit tiéu thu tai cac tram gdc c6 nhiéu dng ten & tram gbc Vi
nhiéu cell hoat dong trén cung bang tan trén luong thong tin yéu cau, két hop cac
tham s anh huong trong hé théng nhu suy hao dudng truyén, nhidu hoa tiéu, chét
luong thong tin bang cach tim cac gia tri tat dinh twong duong.

Tong quan cac ndi dung nghién ctru cua luén 4n minh hoa nhu sau

NGHIEN CUU HIEU QUA SU DUNG NANG LUQNG TRONG HE THONG VO
TUYEN SU DUNG NHIEU ANG TEN

il il I

Nghién ciru téng quan (1) Cai thi¢n hi¢u (2) Nang cao hi¢u
cac md hinh hé théng qua nang lwgng qué ning lugng h¢
(tham sé danh gia hiéu h¢ thong FD thong TDD
qua nang lugng) ﬂ u u ﬂ
Dinh gia bang He théng |[~ Phan tich He théng | [ Phan tich
ty sO gitra tOng kich thudc || va tinh todn str dung ky| | va tinh toan
luong thong tin day du mo phong thudt song | | mo phong
truyén tai va (khong bang thuft cong theo | | cac gid tri
tdng cong sudt gian-thai todn thoi gian tuong
tiéu thu gian) khongf|  ontology duong
j dong nhat based

Hinh 1.8. Tong quan cac ndi dung nghién ciru ciia luin an
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1.4. Cac phép toan va thuit toin lién quan dén hi¢u qua ning luwong
1.4.1. Ngon ngir Ontology learning

Ontology 1a mét trong cac hinh thirc biéu dién tri thic tién tién nhét hién nay
mg dung rong rai trong nhiéu linh vyc nhu tri tué nhan tao, truy hdi thong tin... 1a
nén tang cung cap ngit nghia cho dit liéu, cho phép dit liéu c6 thé duoc hiéu boi
may tinh va n6 dugc ing dung trong rat nhiéu linh vuc khac nhau. Trong khoa hoc
may tinh, mot ontology la mot mé hinh dir licu biéu dién mdt linh vuc va duge st
dung dé suy luan vé cac ddi tuong trong linh vuc d6 va mdi quan hé giira ching,
ontology cung cip mot bo tir vung chung bao gdm cac khai niém, cac thudc tinh
quan trong va cac dinh nghia vé cac khai niém va cac thudc tinh nay. Ngoai bo tir
vung, ontology con cung cip cac rang budc, doi khi cac rang budc nay duoc coi nhu
cac gia dinh co s& vé ¥ nghia mong mudn cta bd tir vung, nd duoc sir dung trong
mot mién dé giao tiép gitra nguoi va cac hé théng rng dung phan tan hon tap khac.
Céc ontology duogc sir dung nhu 1a mot biéu mau trinh bay tri thire vé thé gii hay
mdt phan cta né. Cac ontology thudng miéu ta:

- Céc ca thé: Cac d6i tugng co ban, nén tang

- Céc 16p: Céc tap hop, hay kiéu cta cac dbi twong

- Céc thudc tinh: Thudc tinh, tinh nang, dac diém, tinh cach, hay cac thong s6 ma
cac di tugng c6 va c6 thé dem ra chia sé.

- Céc mdi lién hé: Cac con dudng ma cac ddi tuong co thé lién hé téi mot doi tuong
khac, bo tir vung ontology dugc xdy dung trén co sé cac ting RDF va RDFS sé&
cung cdp kha ning biéu dién ngir nghia mém va hd tro 1ap luan khi ra quyét dinh
nhat dinh.

Céc phién ban cia OWL Hién nay c6 ba loai OWL: OWL Lite, OWL DL
(description logic), va OWL Full. OWL Lite: hd trg cho nhirng nguoi dung chu yéu
can su phan 16p theo thtr bac va cac rang budc don gian. Vi du: Trong khi né hd tro
cac rang budc vé tap hop, né chi cho phép tap hop gid tri ciia 0 hay 1. Piéu ndy cho
phép cung céap cac cong cu hd trg OWL Lite dé dang hon so véi cac ban khac.OWL
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DL (OWL Description Logic): hd trg cho nhitng nguoi ding can sy dién cam tdi da
trong khi can duy tri tinh toan ven (tit ca cac két luan phai dugc dam bao dé tinh
toan) va tinh quyét dinh (tat ca cac tinh toan s& két thuc trong khoang thoi gian han
ché). OWL DL bao gdm tit ca cac cdu tric ciia ngdn ngit OWL, nhung chung chi
c6 thé duoc st dung v6i nhitng han ché nao dé (Vi du: Trong khi mdt 16p co thé 1a
mdt 16p con clia rat nhiéu 16p, mot 16p khong thé 1a mot thé hién ciia mot 16p khac).
OWL DL ciing dugc chi dinh theo su tuwong ting véi logic mo td, mot linh vyc
nghién ctru trong logic di tao nén sy thiét 1ap chinh thirc cia OWL. OWL Full
mubn dé cap to1 nhitng nguoi dung can su dién cam tbi da va su tu do cia RDF ma
khong can dam bao su tinh toan cia cac biéu thic. Mdi lién hé giita cac ngdn ngir
con cia OWL 1a: Moi ontology hop 18 dua trén OWL Lite déu 1a ontology hop 1é
trén OWL DL, moi ontology hop 1¢ duya trén OWL DL déu la ontology hop I¢ trén
OWL Full, moi két luan hop 18 dwa trén OWL Lite déu 1a két luan hop 18 trén OWL
DL, moi két luan hop 1¢ dua trén OWL DL déu 1a két luan hop 1é trén OWL Full,
Cong cu dé xay dung cac Ontology trong pham vi nghién ctru 1a Protégé. Cong cu
su dung dé tao file OWL.

Ontology Learning c6 thé duoc mé ta nhu 13 viéc thu thap cua 1 md hinh mién
tir dit liéu (mién & day c6 thé nhu 1a: Geographical), n6 can dir liéu dau vao dé hoc
nhting khai ni¢m lién quan dén mién d3 biét trudc, nhting dinh nghia cua khai niém
cling nhu cac mdi quan hé t6 chirc gitta nhitng dinh nghia nay. Dt lidu dau vao c6
thé 1a luge dd nhu 1a XML-DTD, nhting m6 hinh UML, hoac lugc dd co sé dit liéu,
ontology learning c¢6 dugc thuc hién trén co s¢ ciia cac ngudn duoc cau tric nhu
XML hodc tai licu HTML. Trong trudng hop ontology learning dugc thyc hién trén
co sO ciia cac ngudn van ban khong duge cdu tric, chung ta sé& ndi vé ontology
learning from text, ontology learning from text ¢ thé xem 13 qua trinh cia cong
nghé ddo ma (reverse engineering).

Dbi voi mot vai tmg dung cua ontologies, diéu quan trong 1 két nbi nhimg khai
ni€ém va quan h¢ dén nhitng ki hi¢u (symbols) ma dugc sir dung dé tham chiéu dén

chung, diéu nay nghia 14 viéc thu thap tri thirc ngdn ngit hoc vé nhitng thut ngir ma
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dugc st dung dé tham chiéu dén mot khai niém cu thé va nhiing tur déng nghia c6
thé c6 cua nhitng thuat ngit nay. Dé rang budc viéc giai thich nhitng khai niém va
quan h¢, biéu d6 tién dé (axiom schemata) nhu la sy phan biét ddi véi cac khai niém
nhu symmetry, reflexivity, transitivity. Cudi cing, ciing 13 mdt trong nhimg quan
tam dén viée st dung mot ontology dé léy dugc dir kién ma khong dugc md hinh
hoéa rd rang trong co sé tri thirc nhung ¢ thé thu tir nd. Phan 16p dua ra nhiing tc
vu phu khac nhau cua cong vi¢c ontology learning:

- Thu thap nhiing thuat ngtr lién quan, ngdn ngix

- Su nhan dang nhing thuat ngir ddng nghia, nhirng bién thé

- Hé théng khai niém (concepts),

- T6 chirc phan cip cac khai niém (concept hierchy),

- Pham vi thich hop learning nhiing quan h¢ (relations), thudc tinh véi mién

- T chirc phan cip nhitng mbi quan hé (relations),

Khai niém nhiing tién dé tiy y (arbitrary axioms): trong hau hét cic truong hop,
nhing 16p xay dung duwa trén nhitng 16p & phia dudi di xdy dung roi. Nhitng quy
trinh & nhitng 16p cao hon phu thudc vao output ciia nhiing quy trinh twong ung &
cac 16p thap hon. Tuy nhién, nhiing tic vu & nhirng 16p khac nhau c6 thé dugc

nhom lai véi nhau va thuc hién cung mét thuat toan

[ Whitng tién dé chung (General Axioms)

{ Luoc db tién dé (Axiom Schemata)

A

[ Phan cap quan hé (Relation Hierarchy)

[ Nhimg méi quan hé (Relations)

{ Phén cép khai niém (Concept Hierarchy)

Nhiing khai mém (Concepts)

Nhing tr déng nghia (Synomnyms)

AL AN N

[ Whitng thuat nglt (Terms)

Hinh 1.9. Quy trinh ontology learning
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Hinh 1.10. XAy dung cic khai niém ontology trong h¢ thong thong tin v tuyén

Nhitng thudt ngit c6 thé 1a tir don hodc tir ghép ma c6 nghia véi linh vuc da
cho. Pau vao cho tic vu nay 1 tdp hop nhitng tai liéu lién quan dén linh vyc
(domain) quan tdm, va dau ra 1a tap hop chudi SC va SR chita dung nhiing thuat
ngit ma dugc dung nhu 13 du hiéu cho khai niém va quan hé giira chung.

1.4.2. Logic mo (Fuzzy logic)

Tir nhitng nam dau cua thap ky 90 cho dén nay, hé diéu khién mo va mang
noron (fuzzy system and neuron network) dugc cac nha khoa hoc dac bi¢t quan tdm
nghién ciru va tng dung vao san xuat. Tap md va logic mo (fuzzy set and fuzzy
logic) dua trén cac suy luan ctia con nguoi vé cac thong tin “khéng chinh xac” hodc
“khong day du” vé hé théng dé hiéu biét va diéu khién hé thong mot cach chinh xéc.
Diéu khién md chinh 14 bat chude cach xir 1y théng tin va diéu khién cta con nguoi
dbi voi cac d6i tuong, do vay, diéu khién mo di giai quyét thanh cong cac van dé

diéu khién phirc tap trude ddy chua giai quyét duoc. Co thé néi, cong nghé tinh toan
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mo 1a mot trong nhitng linh vyc nghién ctiu phat trién manh mé nhit, dugc danh
ddu bang su ra doi ciia hang loat phuong phap k¥ thudt tng dung trong nhiéu linh
vuc khéac nhau, viéc tich hop céc k¥ thudt logic mo véi cac phuong phap phan tich
khac ngay cang dién ra manh mé, logic md dugc ing dung rong rai dé giai quyét rat
nhiéu bai toan cua khoa hoc ung dung, nhitng linh vuc ¢o6 thé ké ra & day 1a van tru
hoc, hd trg quyét dinh, diéu khién, nhan dang mau, kinh té, quan ly, xa hoi hoc, mo
hinh théng ké, may hoc, thiét ké co khi, ché tao, phan 16p, suy luan, thu nhan thong
tin, quan ly co s¢ dir li€u, chuin doan y té, hé co so tri thiec,... Dic biét trong linh
vuc xu ly tri thire, cong nghé tinh todn mo to ra vé cung hi¢u qua. Do tri thic con
ngudi thuong dugc biéu didn bang cac thé hién ngdn ngit, bang cac cau hoi, cic
phat biéu vé thé giéi dang xét. Van dé ddi véi viée xir 1y tri thirc 1a khong chi & viée
lién két cac tri thirc, cac phat biéu vé thé gidi dang xét, ma con & viéc danh gia su
dung dan cua ching, logic hinh thirc ¢ dién cho phép ching ta danh gia mot phat
biéu vé thé gidi 1a hodc dung, hodc sai. Tuy nhién, trong thuc té, danh gia mot phat
biéu chi ¢ ding hodc sai 1a rat kho néu khong mubn noi 1a phi thuc té, vi du: doi
v6i cdc tri thirc dang “Ap sudt cao”, “Thé tich nhd”, “Qua tao do”, viéc xac dinh
mot cach chinh xéc tri chan 1y ciia chung 1a ding hay sai 1a rat kho do cac tir “cao”,
“nhd” hay “d6” hoan toan cé tinh chat mo hd. Tir d6 Zadeh d3 mé rong logic ménh
dé thanh logic mo, trong d6, mdi ménh dé P s& dugc gan cho 1 tri chan 1y (P), mot
gia tri trong doan [0, 1], biéu dién muic do ding cia mé¢nh dé d6. Mot s dinh nghia
phép toan vé tap mo thuc hién trong pham vi nghién ciru nhu sau;

Dinh nghia 1.1: Ham n: [0, 1] — [0, 1] khong ting thoa man cac diéu kién n(0)
=1, n(1)=0 goi 1a ham phu dinh (negation — hay la phép phu dinh).

Dinh nghia 1.2: Ham phu dinh n 1a chat néu n6 1a ham lién tyc va giam chit.
Ham phu dinh n 1a manh néu n6 1a chit va théa min n(n(x)) = x, Vx<[0,1]

Pinh nghia 1.3: Cho n 1a ham phu dinh, phan bu A€ ciia tip md A 1a mot tip
md véi ham thude cho boi AS(a) = n(A(a)) , voi mdi acQ. Phan bu 1a truong hop

riéng khi n(x) 1a ham phu dinh thuong dung
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Dinh nghia 1.4: Cho n 13 phép phu dinh manh, S 1a mét t - ddi chuan. Khi d6
ham T xac dinh trén [0, 1] bang biéu thic:
T(x, y) = n(S(n(x), n(y))), véi V0 < x, y < 1 1a mot t - chuan.

Dinh nghia 1.5: Cho n 1a phép phu dinh manh, T 1a mot t - chuan, khi éy ham S
xac dinh trén [0, 1]2 bang biéu thuc:
S(x, y) = n(T(n(x), n(y))), v6i V0 < x, y < 1 1a mot t - d6i chuan.

Dung hai dinh nghia trén dé chon nhiéu cdp (t - chuén, t - d6i chudn) d6i ngiu
twong ung, chon n(x) = 1 - x, ta co:

Bang 1.1. Céc cip d6i ngiu véi n(x) = 1-x

T(x,y) S(x, y)
min(x, y) max(x, y)
X.y X+y=-Xy
max {x+y-1,0} min {x+vy, 1}
min0 (x,y)={...} Max1 (x,y) = {...}
min{x, y} voi (x +y)>1 max {X,y} voi(x +y)<l1
0vdi (x +y)<I 0voi(x +y)=>1
Z(x,y) = {...} 27(x,y) = {.--}
min{x, y} voi max(x,y) =1 max{Xx, y} vo1 min(x,y) =0
0 vo1 max (x,y) <I 0 v&i min (x,y) >0

Trong li thuyét tdp mo va suy lun v6i logic md, mot sb tinh chat trong 1i thuyét
tap hop theo nghia thong thuong khong con ding nita. Chang han trong 1i thuyét tap
hop, véi bat ky tap rd A e X, thi ta c6: ANAC = D; AUAC =X,

Dinh nghia 1.6: Cho T la t - chuén, S 1a t - d6i chuan, n 1a phép phu dinh. Ta c6
mdt s6 tinh chit sau: Tinh luy (idempotency), c6 hai dang dinh nghia nudt suy rong
tir 1i thuyét tap hop: T(S(x, y), X) = x, voi Vx,ye[0,1] va S(T(x, y), X) = x, véi
vx,ye[0,1] ding khi va chi khi T(x, y) = min(x, y), vo1 Vx,y €[0,1], S(x, y) =
max(Xx, y), véi Vx,ye[0,1]

Hién nay, khéi niém ontology dua trén logic mé ta truyén thng, khong du kha
ning dé mo ta thong tin mo, khong thé dai dién day du va xir 1y tri thire chic chan

trong cac mién ung dung khéac nhau, cung véi cac dinh nghia mo dugc dé xuat, bai
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toan nghién ciru trong bai viét ndy tip trung vao hai vin dé: Thir nhat 14 mé hinh
hoa ontology md dua trén 16gic mé td mo va thir hai 13 dé xudt phuong phap vé tich
hop ontology dua trén phuong phap hoc may, suy dién va quyét dinh.

1.4.3. Hoc mdy (Machine learning)

Hoc may, mdt trong cdc cong cu tri tu¢ nhan tao manh mé, mot giai phap déy
htra hen cho mang 5G [51], chung ta c6 thé hinh dung mot vo tuyén thong minh c6
kha nang tu dong truy cap phd sin co véi sy trog giup ctia may hoc, diéu khién coéng
sudt truyén dan pht hop vi muc tiéu hiéu qua ning luong (bao toan ning lugng)
cling nhu diéu chinh céc giao thic truyén din.

C6 hai dinh nghia kha r& rang vé Machine Learning nhu sau: Theo Arthur
Samuel (1959): May hoc 1a nganh hoc cung cdp cho may tinh kha ning hoc hoi ma
khong can dugc 1ap trinh mot cach rd rang. Theo Gido su Tom Mitchell - Carnegie
Mellon University thi May hoc 1a mot chuong trinh may tinh dugc néi 1a hoc hoi tir
kinh nghi¢m E tir cac tac vu T va vdi do do hicu sut P. Néu hiéu suit cta no ap
dung trén tdc vu T va dugc do luong bdi do do P tang tir kinh nghi¢m E [52]. May
hoc dugc phan lam 3 loai chinh 1a hoc c6 giam sat (Supervised learning SL), hoc
khong giam sat (Unsupervised learning UL) va hoc tang cuong (Reinforcement
learning), trong d6 phd bién nhat 13 2 loai SL va UL. Hoc c6 giam sat [53] 1a mot ki
thuat hoc may dé hoc tap tu tap dir liéu duoc gén nhan cho trudce, tap dir liéu cho
truGec s& chira nhidu bo dir liéu, mdi bd dit lieu cod chu tric theo cap {x,
y} voi x duge xem la dir li¢u tho (raw data) va y 1a nhan cua dir liéu d6. Nhiém vu
cua hoc c6 giam sat 1a du doan dau ra mong mubn dya vao gia tri dau vao, dé nhan
ra, hoc c6 giam sat turc 1a may hoc dua vao sy trg giup ctia con ngudi, hay noi cach
khac con ngudi day cho may hoc va gia tri dau ra mong mudn dugc dinh trude boi
con nguoi.

Tap dir liéu huén luyén hoan toan dugc gén nhan dya vao con ngudi, tdp cang
nhd thi may tinh hoc cang it. SL cling dugc ap dung cho 2 nhom bai bai toan chinh

la bai toan du doéan (regression problem) va bai toan phan 1&p (classification



40

problem), K¥ thuat SL thyc chét 1a dé xay dung mot ham c6 thé xuét ra gia tri dau
ra tuong tng véi tap dir liéu. Ta goi ham nay 1a ham h(x) va mong mudn ham nay
xudt ra ding gid tri y voi mot hodc nhiéu tap di liéu méi khac véi dit liéu duoc hoc,
ham h(x) can céc loai tham sd hoc khéac nhau tuy thudc voi nhiéu bai toan khac
nhau, viéc hoc tur tap dir li€u (training) cling chinh la tim ra by tham sb hoc cho ham
h(x).

Hoc khong c6 giam sat 1a mot ki thuat cua may hoc nham tim ra mot md hinh
hay cAu trac bi an boi tap dir liéu khong dugc gan nhan cho trudc. UL khac véi SL
la khong thé xac dinh trude output tu tap dir liéu huén luyén dugc. Tuy thudc vao
tap huan luyén két qua output s& khac nhau. Trai nguoc voi SL, tp dit liéu hudn
luyén cuia UL khong do con ngudi gén nhan, may tinh s€ phai tu hoc hoan toan, co6
thé néi, hoc khong giam sat thi gia tri dau ra s& phu thudc vao thuat toan UL. Cac ky
thuat hoc may c6 thé ké dén 1a mé hinh hdi quy va thuat toan k-hang x6m gan nhét
(KNN), vector hd trg may (SVM) va hoc may Bayes; k-means phan nhom (phan
cum), phan tich thanh phan chinh va doc lap; quy trinh quyét dinh Markov, k¥ thuat
Q-learning va da nhanh. ... Trong pham vi nghién ctru, luan an gidi thiéu vé quan hé
cua cac ky thuat hoc may, ing dung hoc mdy trong cac mé hinh nghién ctru, mod
hinh hdi quy va thudt toan k-hang x6m gan nhat (KNN) trong cac mang vo tuyén st
dung nhiéu ang ten.

1.5. Két luan chwong 1

Chuong nay di trinh bay vé tong quan vé hé thong thong tin vo tuyén noi chung
va hé thng thong tin vo tuyén st dung nhiéu ang ten, hiéu qua st dung ning luong
trong cac hé thong thong tin vo tuyén va loi ich viéc st dung hiéu qua thong tin vo
tuyén va su quan tdm cua céc t6 chirc trong nudc va thé gidi, tong quan cac van dé
hiéu qua ning luong cla cac tac gia di trude, cac van dé ton tai, huéng nghién ctru
va cac két qua can dat dugc ciia ludn an. Gidi thiéu tong quan cac nén tang 1y thuyét
va thuat toan lién quan dén nghién ctru cda ludn an, cac chuong tiép theo s€ trinh

bay timg van dé ndi dung nghién ciru dugc dit ra.
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CHUONG 2. NANG CAO HIEU QUA SU DUNG NANG LUQNG TRONG
HE THONG VO TUYEN SU DUNG NHIEU ANG TEN TDD

2.1. Giéi thiéu chung

Chuong niy trinh bay tong quan vé hé théng nhiéu dng ten phan chia theo thoi
gian da nguoi dung (Multi user MIMO), phan tich hiéu qua st dung nang luong cua
hé thé)ng thong qua cac tham sb cong suét tiéu thy, toc do dat duoc, anh huong cia
s6 ang ten tram gbc va anh hudng cia s thué bao trong mot tram gbe, dé xuat mo
hinh sir dung hiéu qua ning luong va giai thich, danh gia cac két qua mo phong va
tinh toan.
2.2. Hé thong nhiéu ing ten da ngudi ding TDD

Nghién ctru hé théng nhiéu dng ten phan chia theo thoi gian da nguoi ding 1a
mot tram géc (tram co s6) phuc vu nhiéu dau cudi st dung chung tai nguyén khong
gian va tan s. Hinh 2.1 mo ta hé théng da ngudi dung cho ca dudng 1én va dudng
xudng, kénh duong 1én duoc goi 1a kénh da truy nhdp, kénh dudng xudng goi 1a
kénh quang b4, trong kénh quang ba, mdi may dau cudi nhan cac dit liéu khac nhau.
Trong ca dudng 1én va dudng xudng, ludn co sd K dir liéu két ndi dong thoi hoat

dong tai mdi kénh theo khong gian va thoi gian.

L "=--- | Diltul
b
May 1
Di¢ fiéu 1 1
— s
Dik iéu 2 g
N T,
Dk lizn 2
Dit licu K —
. May 2
Dit licu K
-
Tram co so M- anten Mav K

(a) Buong lén
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Dir ligu 1
—
May 1°
Dit ligu 1
—
Dir lidu 2
_a- = A
Dit ligu 2
Dt lidu K U =
kR -
Miy 2
Dir liéu K
—_—
Tram co s& M - anten My K
(b) Puong xudng

Hinh 2.1. H¢ thong da nguoi ding [95]

Tai mdi duong 1én, mdi dau cudi ciling co gia tri cong sut riéng khac vdi kénh
duong xudng va la cong suat gidi han duoc tinh bang tong cong suit phat xa ctia tat
ca cac ang ten, trén duong 1én, tram phat phai biét thong tin kénh, va mdi dau cudi
phai duoc cho biét tbe do truyén tai cho phép riéng biét, Trén dudng xudng, ca tram
co s6 va dau cudi déu phai biét théng tin kénh. Do d6 hé thong da ngudi dung tiéu
tén nhiéu tai nguyén cho viéc truyén thong tin pilot ¢ ca hai chiéu. Méi quan hé
gitra ang ten phat va thu la tuyén tinh theo phuong trinh cua Maxwell. Tuy nhién do
nhiing bién dong vé may phat, may thu hay toc do dir liéu thuc té nén moi quan hé
giita cac dng ten ciing thay d6i theo thoi gian va méi trudng truyén.

Khac v6i hé théng thong thuong (M=K), ¢ hé thdng da ngudi dung co sb ang
ten tai tram co s& 1a M >> K. Ngoai ra c6 thém dic diém khéc biét so voi hé théng
thong thudng 1a chi ¢6 tram co s¢ hoc thong tin kénh, S6 luong dng ten M 16n hon
nhiéu so véi K, nguyén 1y xir Iy tuyén tinh don gian duoc dung & ca duong 1én va
duong xudng.

Gia str tit ca nguoi dung déu sir dung chung ngudn tai nguyén thoi gian va tan
s6, dong thoi tram phat va ngudi dung biét chinh xac kénh, kénh truyén duogc biét

qua huan luyén giita nguoi ding va tram phét voi cach thirc tiy thudc va giao thirc
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ctia hé thong. Trong hé théng v6 tuyén sir dung nhiéu ang ten, hang tram hodc hang
nghin dng ten tai tram phat phyuc vu dong thoi hang trim ngudi ding tai ciing mot
ngudn tai nguyén tan s6, do d6 phwong thic dugc Iya chon st dung trong hé théng
v6 tuyén sir dung nhiéu ang ten thuong 14 truyén song cong phan chia theo thoi gian
(TDD) [96], [97]

Dbi v6i hé théng FDD, truyén tin hiéu duong 1én va dudng xudng sir dung phd
tan s6 khac nhau, do d6 kénh dudng 1én va dudng xudng 13 bat dbi ximg. Tai dudng
xudng, tram phat can thong tin kénh (CSI) dé ma héa trude tin hiéu trude khi phat
dén s6 K nguoi dung, s6 M ang ten tai tram phéat phat M tin hiéu pilot tryc giao véi
nhau dén K ngudi dung. M&i nguoi ding s& udc luong kénh dua trén pilot nhan
dugc va phan hoi lai M kénh nguoi dung dén tram phat, quy trinh nay yéu cau toi
thiéu M kénh duong xudng va M kénh duong 1én, twong tu ddi v6i duong 1én, K
nguoi dung phat K tin hi¢u pilot truc giao dén tram phat, tram phat wdc lugng kénh
va phan héi lai. Do d6 tong qua trinh wdc lugng kénh trong hé théng FDD yéu cau
tbi thiéu (M+K) kénh duong 1én va M cho duong xudng.

Dbi v6i hé théng TDD, kénh truyén dudng 1én va duong xudng st dung chung
dai phé tan s6, nhung khac khe thoi gian, kénh duong 1én va dudng xudng cé tinh
d6i ximg nén thong tin kénh c6 duoc qua duong 1én c6 thé sir dung ludn cho dudng
xudng. Trén dudng 1én K nguoi dung phat K chudi pilot truc giao dén tram phat, sau
d6 str dung thong tin kénh nay dé ma trudc tin hiéu gui xudng va dong thoi tao bip
song pilot, tong qua trinh nay can st dung 2K kénh truyén. Nhu vay thoi gian can
thiét dé truyén pilot ti 1& véi sé ang ten ngudi dung va khong phu thude vao sb dng

ten ¢ tram co so [98].

A—K iy hidgu—w -4—XK iy hidu—p=
Pilot duéng 1én Iruyén Die lign Bup song Pilot
(K tin liéu trre giao) dwong len durng xuong
-4 T iy hiéu -

Hinh 2.2. Ciu tric wéc lwgng kénh trong hé thong TDD [95]
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S6 lugng kénh truyén can thiét dé phuc vu tin hiéu pilot va thong tin phan hoi
trong hé théng Multi user MIMO va hé théng str dung nhiéu dng ten. D& nhén thay
hé thdng sir dung nhiéu ing ten véi giao thire TDD sir dung it tai nguyén nhét, do sd

luong kénh truyén can sir dung khong phu thudc vio sb dng ten tram co s M.

Bang 2.1. Tong s6 kénh truyén yéu cau cho cac hé thong MIMO [95]

FDD TDD

Puong | Puong | Puong
Puong lén xudng 1én xudng

Multiuser MIMO | K (pilot) + M (h¢ so kénh)| M (pilot) [K (pilot) [M (pilot)

Str dung nhiéu ang ten| K (pilot) + M (hé s6 kénh)| M (pilot) |K (pilot) -

Giao thtrc truyén FDD phu thudc vao sb anten tram phat M, do do6 trong hé¢
thdng sir dung nhiu ang ten, s6 anten M 14 rat 16n nén giao thirc TDD dugc chon dé
udce lugng kénh do khong phu thudc vao M.

Xét mot hé théng mang té bao véi Ccell [99]. Mbi tram géc ¢ cau hinh N,
angten, phuc vu dong thoi cho U ngudi ding duoc phan bd mot cach ngau nhiéu
trong cell va thiét bi dau cudi nguoi ding sir dung 1a angten don. Khi d6, goi
C= {1,2,...,C} la tap chi $b lugng cell trong mang va U:= {1,2,...,U} la tap sb
ngudi ding hoat dong trong mdi cell, trong hé théng MIMO ¢4 rat 16n thi s6 luong
angten ludn 16n hon rat nhiéu so véi sé ngudi dung duoc phuc vu. Hé thong mang
st dung giao thirc truyén song cong phan chia theo thoi gian TDD véi st dung lai
tan sb. Vi giao thic ndy, tin hiéu dudong 1én va duong xudng cung truyén trén mot
kénh tan sé don, tai nhitng thoi diém khéac nhau, gia sir rang tram gdc va nguoi ding
ddng bod hoan toan trén ca thoi gian va tan s, c6 thé bo qua cac khoang bao vé

trong cac hé théng thong tin di dong trude day.
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2.3. Phén tich céc chi s6 lién quan dé hiéu qua sir dung ning lwong

Hiéu qua ning luong trong hé théng vo tuyén st dung nhiéu dng ten da ngudi
dung, c6 hai thanh phan chinh dugc xem xét trong pham vi luan an d6 1a téng dir
lidu (dich vu) trao ddi va cong suit tiéu thy trog tram gdc, trong d6 tong dit liéu trao
d6i s& phy thudc vao toc do dir liéu, cudng do dir licu, ty 16 15i bit..., dé phén tich va
danh gia duoc hiéu qua sir dung ning luong trong hé thdng thi xem xét téc do dir
li¢u va cong suét tiéu thu.
2.3.1. Phén tich céng suit tiéu thu

Trong phan niy, phan tich cong suat tiéu thu trong hé thdng, ky hiéu P, la
cong suét tiéu thy tong trong cell b trong mot khung, giai thiét P, gom hai thanh
phan chinh: cong suét blrc xa va cong suét tiéu thu mach [101], [102].

(a) Céng sudt birc xa

Ky hiéun,la hiéu ndng bo khuéch dai cong suét tai tram géc va 7, 1a hiéu
ning bo khuéch dai cong suat tai nhitng ngudi ding, trong d6, 0 < Mys>Mye < 1. Ky
hiu, P, , va B, la cong sudt birc xa clia cac ngudi dung trong mét cell trong
giai doan do kénh va trong giai doan truyén dir liéu duong 1én. Ky hiéu P, la
cong sut blrc xa cua tram gdc trong sudt qua trinh truyén dir liéu duong xudng,
cong suét buc xa tong trong mot khung 1a:

Pep (Tp) = PRP—p + Pep, + Pop s

:Uppz'p +Up,(rt—rp)+pf(rt—rp)

Nue 21, 21 (2.1)
_(Up,=p) p |, +{M+Aj
200, Mgs 3 20y, 21

Trong do, cac bien la doc l1ap voi N,.
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(b) Céng sudt tiéu thy mach
Chung ta st dung mé hinh cong suét tiéu thu mach thuc té cho cac hé théng
dugc dé suat trong [102] [103], cong sudt tiéu thy cua cac thanh phan khac nhau va
cac hoat dong tinh todn duoc trinh bay chi tiét & dudi day.
Pau tién, ky hiéu P, 1a cong sudt tiéu thu cua cac chudi may thu phat. Py 1a
cong sut tiéu thu cta cac cac phan tir mach danh riéng cho mét dngten tram gbc va
P, la cong suét tiéu thu cac phan tir mach danh cho mét nguoi ding don dngten.

Ca Pva B, déu doc lap véi N,, U va tdc do dat duge. ta co:
PTC(Nz):(NzBsS"'UPUE)Tt (2.2)

Trong do, P (N,) doc lap véi .

Thtr hai, goi P, 1a cong suét tiéu thu cua qué trinh udc lugng kénh, Ly, va
L, 1a hiéu nang tinh toan trong muc cac phép toan s6 hoc gia tri phuc trén Joule
(flops/Watt) tai tram gdc va nhimg nguoi dung. trong giai doan do kénh, tram goc b
s& thye hién tuong quan Y , €l Y vei w_ e[l ”". Day la phép tinh dai s tuyén
tinh tiéu chuin va duoc thuc hién trong mdi khung, ta co:

_2UNg,

» (2.3)

P (z,.N,)
Thtr ba, goi F.,,, la cong suit tiéu thu clia cic don vi ma hoa va giai ma cua
cell b. Goi P, la cong suit tidu thy tong tinh theo Watt trén mdi bit cho viéc ma

hod va giai ma mét bit thong tin. Do do, ching ta co:
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MRM (Tp’Nt) (2.4)

Fenp (Tp’Nt):PCODEC 5

Tht tu, goi Py, la phﬁn cong suét tiéu thu phu thudc vao tai trén mdt bit va
cong suét nay tuong tu cho ca dudng 1én va dudng xubng. Do d6, cong suét tiéu thy
téng cua phﬁn duong truc phu thude vao tai cua cell b la:

Pyyy(7,.N,) =Py @Rw (z,.N,) (2.5)

Thtr ndm, goi P,, 1a cong suét tiéu thu cua qua trinh xu ly tuyén tinh. tai tram
gbc, ¢6 hai hoat dong tinh toan chinh trong qué trinh xtr Iy tuyén tinh 1a: i) x4c dinh
ma trdn b tach song, bod tién ma hoa va il) qué trinh nhan vécto ky hiéu dugc
truyén (hoac nhan dugc) véi ma tran bd tién ma hoa (hodc ma tran bg tach song). Vi
hoat dong tinh toan dau tién dugc thuc hién trén mdi khung, do d6 cong suit tidu
thu twong Umg s€ 1a [103]:

3INU
Ppc(N,)= (2.6)
LBS
Cong suét tiéu thu cta hoat dong nhan vécto ma tran la:
2NU
P,y (Nt,Z'p)=(Tt—Tp) 7 (2.7)
BS
Do d6, cong suét tiéu thy téng cho qua trinh xur 1y tuyén tinh 1a:
NU
PLP(TP,NZ): L [3+2(r,—rp)] (2.8)

BS

Cubi cung, goi P, la cong suét tiéu thu ¢d dinh dugc st dung cho quat lam
mat, bao hiéu diéu khién, va cong suét phu thudc vao tai cua kién tric ha tﬁng
dudng truc, bd dao dong ndi va bo xir Iy bang gdc [104]. Cha ¥ rang P, 1a khong

phu thu¢c vao 7, va N,.
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(c) Cong suit tiéu thy tong

Cong suét tiéu thy mach tong cta cell b trong mot khung, ky hiéu 1a Fep,, la:

PCP,b(Tp>Nt):PFIX+PTC(Nt)+PCE(Tp>Nt) (2.9)
+PC/D,b(Tp’Nt)+PBH,b(Tp’Nt)+PLP(Tp’Nt) .

Theo phan tich & trén, ta co cong suat tiéu thu tong dugc dinh nghia

la: P, (rp,Nt) =P, (rp ) + Py, (TP,NI) . Chuing ta c6, cong suat tiéu thu tong twong

duong tat dinh twong tmg ciia cell b trong mot khung, dugc ky hiéu 1a }_)t,b (z' N, )

2 3.2. Phan tich toc d¢ dat dwoc

Chung ta gia sir ring cac tram goc st dung qua trinh xtr 1y két hop ty s6 tdi da
tuyén tinh don gian MRC hodc truyén ty s t6i da tuyén tinh don gian MRT dugc

A

dua trén udc lugng kénh, khi do w,, = h

o> Va £, =h,, . Chung ta, st dung phuong

phap tuong duong tit dinh [99], [100] dé xp xi ty 1& tin hiéu trén tap 4m cong
nhidu dat dugc va téc do clia ngudi dung u trong cell b.

(a) Toc do & dwong lén

O duong 18n, theo nhu [100], ching ta c6 thé viét lai ¥, ,, lai nhu sau:

~ * 1 ~ *
yr,bu = Wbuhbbuxr,bu + p Zr,bu + Z wbuhbcer,ck (210)
NV Fr

(C,k)#(b,u)
Sau khi bién déi ta co:

*

- . . |
yr,bu = Wbugbbuxr,bu + Wbu (hbbu - gbbu )xr,bu + 2 Wbuhbcer,ck + ’ Zr,hu (21 1)
(L',k)#(b,u) p,
Ung dung phuong phap thuong duoc sir dung trong [99],[100]. Y tudng xir 1y
j/r ., ihu 1a mot tin hiéu thu duge cua hé théng SISO vé1 anh huong cua kénh g, ,
trong khi d6 nhitng thanh phan con lai giéng nhu 1a nhiu Gauss tring cong khong
tuong quan. Khi d6, cong sut tin hiéu mong mudn la:
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. 2
Sy = ‘Wbugbbu (2.12)
Cong suét nhidu cong tap am la:
* 2 : 2 1.
1,4 = ‘Wbu (hbbu _gbbu) + z )‘Wbuhbck +_‘Wbu (2.13)

(c,k):t(b,u r

Téc do dat duoc trén dudng 1én twong dwong tit dinh tuong tng ciia ngudi
dung u trong cell b la:

R, (z,.N,)=log, [1+7,,,(z,.N,)] (2.14)

(b) Toc dé & dwong xuong

Chung ta gia sir rang nguoi dung khong cé bét cir thong tin trén kénh tic thoi &
duong xudng, chung ta sir dung k¥ thuat dugc sir dung trong [99], [100] dé phan
tich toc dat dugc ¢ duong xudng. Dic biét, ngudi dung u trong cell b chi biét
E[h;bufbu] , trong tu nhu nhitng phan tich & dudng 1én, xem xét nhiéu cong khong

tuong quan truong hop tdi nhat. cong suat tai ngudi ding u trong cell b 1a:

. 2
St = Py ‘E[hbbufbu] (2.15)
Cong suat nhiu cong véi tap am tai nguoi dung u trong cell b 1a:
. . . 2
Ly, = prAyvar [hbbufbu ] +1+ Z piAE [ h.,f. } (2.16)

(¢c.k)#(bu)

Theo két qua dd nghién ctru [100] va bé qua nhimg thanh phan tiém cén vé
khong ta co:
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2

Stou = (Tp )|trq)bbu (2.17)
_ 1 _
[f,bu = Z ﬂ’c (z—p )|trq)cbu ’ +—+ Z ﬂ’c (z—p )tchbuq)cck (2 1 8)
c#b pf (c,k)¢(b,u)

Téc do dat duge & dudng xudng tuong duong tat dinh twrong Gmg cua nguoi
dung u trong cell b la:

Ry, (z,.N,)=log, [1+77ﬁ,m (rp,Nt)] (2.19)
Ky hi¢u R , (TP,NI) 1a téc @6 tong chua chuan héa trong cell b. Khi do, tong

. T,-T .
dir liéu dugc trao doi trong cell b trong ca mot khung la %Rnb (r oV, ) Toc

d6 téng chwa chudn héa twong dwong tat dinh trong cell b trong khung a 1a:

— U — —
R, (Tp’Nt ) = Z[Rr,bu (Tp’]vt ) +Ry,, (Tp’Nt )} (2.20)

Téng dir liéu trao doi twong duong tat dinh cia mot ngudi dung u trong cell b

(T’_TP)E
2

trong mot khung la ot (rp , N,)

2.3.3. Svr dung hiéu qua nang luong
St dung hiéu qua ning lugng duoc dinh nghia cho mot khung 13 ty 1€ giita tong
s6 dir liéu di trao d6i va tong cong suat tiéu thu., goi EFE, 1a hi€éu qua nang lugng

cua cell ». Theo dinh nghia ta co:

T, —TP)RMM (rp,Nt)

N
EE,(7,.N,)= 2P, (7,.N,)

(2.21)

Do d6, hiéu qua ning lugng tuong dwong tit dinh cua cell b trong mot khung

dugc dinh nghia la:
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ﬁb(r N): (Tf_f )I(QM,,,,,(rp,N,) (2.22)

Tir cong thirc ta thay rang hiéu qua nang luong 1a mot ham phy thudce vao chiéu
dai cua giai doan traning 7, va sO angten & tram goc N,. mudn hiéu qua ning luong
str dung trong hé théng MIMO tét thi ching ta can xem xét hai yéu té d6 sao cho

tdc d6 hé théng 16n nhét va cong suét tiéu thu nho nhit co thé.

2.3.4. M6 phéng hé thong dé xudt va danh gid két qud

Trong phan nay, mo phong hé thong va phan tich danh gia két qua, kich ban mo
phong va nhitng tham s st dung mé phong sir dung bd chuong trinh mé phong
mMIMOsim viét bang ngdn ngit Matlab va duoc phat trién boi nhom nghién ctru
cia TS.Truong Trung Kién va nhém cong su (Hoc vién Cong nghé Buu chinh Vién
thong) dé mo phong mot mang thong tin di dong c6 7 cells, mdi cell ¢ hinh luc
giac déu duogc bd tri nhu trong hinh v&, trong do, cac tram gdc duge dat ¢ trung tim
ctia cell va duoc miéu ta bang hinh tron, ngudi ding hay thué bao ¢6 vi tri phan b
déu ngiu nhién trong dién tich cua mdi cell va duoc miéu ta bang hinh chir nhat, gia
thiét rang cac thué bao trong mdi cell s& trao d6i thong tin voi tram gdc trong cung
cell, cac cell c6 cing sd nguoi ding va cac cell co cau hinh tram gbc gidng nhau, vi
du nhu: s6 dng ten tai mdi tram gc bang nhau va cach thirc trién khai dng ten trong
cell ciing twong ty nhau. Trong khi d6 cac UEs st dung dng ten don dang hudng, sb
ang ten tai mot tram gdc it nhat gip ddi s6 thué bao trong clng cell, N, >2U va tap
chudi hoa tiéu truc giao du 16n so véi s6 ngudi dung trong mdi cell va cac cell s& tai
st dung chung mot tap chudi hoa tiéu tryc giao nay va sir dung mot phan bo tham
s6 cua hé thong thong tin di dong 4G LTE/LTE-Advanced khi x4y dung kich ban
mé phong [102][103][105]. M6 hinh mang mé phong trong dé cac tram gbc dugc
dat ¢ trung tam cell va dugc minh hoa béng mot hinh tron ¢ tam cua cac cell, cac
thué bao c6 vi tri phan b déu ngu nhién trong dién tich cia mdi cell va minh hoa

bang cac hinh chir nhat.
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G Thué bao
(2§27

Tram goc (BS)

Hinh 2.3. M6 hinh mé phéng hé théng TD-MIMO

Xem xét tinh toan téc do dat duoc trung binh trén dudng 1én va dudng xudng
ctia mot ngudi dung trong trung tAm cell trong khi tit ca cic ngudi ding khac dugc
phan bd ngiu nhién khong dong nhét trong céc cell lién quan, cling nhu tinh toan
hiéu ning trung binh khi mot nguoi ding dic trung duoc phin bd mot cach khong
dong nhét trén vong tron dugc dat tai trung tim cell tvong Gng nhu trong hinh 2.3,
tinh cong sudt tiéu thu trong mach thyuc té va cong suit tiéu thyu lién quan dén cac
hoat dong xir 1y tin hiéu trong mdi cell.

Bang 2.2. Céac tham s6 mé phong hé théng

Tén tham so Gid tri va mé ti

MBS hinh suy hao duong truyén 128,1 + 37,6 logio(d), trong do
d>35m 1 khoang cach truyén dan
tinh theo don vi km

Cong suat phat cia MS ¢ duong lén 24dBm (trong ca qua trinh truyén
chudi hoa tiéu va truyén dir liéu)

Cong suit phat cua tram gdc BSs 43dBm

Tan s6 song mang 2GHz

Bang thong 20MHz

Mait d0 tap am nhiét -174dBm/Hz
Bing thong két hop cta kénh 180kHz
Thoi gian két hop cua kénh: 10ms

Tang ich dngten tram goc 10dBi

Tang ich angten & MS 0dBi

Hé so tap &m nhiét & tram géc 5dB

Hé s6 tap 4m nhiét & MS 9dB

Hiéu suat tinh toan tai tram goc 12,8 Gflops/W
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Tén tham so Gid tri va mé ta
Hiéu suét tinh toan tai MS 5 Gflops/W
Hiéu suat cua bo khuéch dai cong suat 0.39

PA tai BS ’

Hiéu ndng cua bo khuéch dai cong 0.3

suat PA tai MS ’

Cong suét tiéu thu cd dinh (cac tin
hiéu diéu khién, quat,...)

Cong suat can dé chay cac phan tir | IW
mach tai mdt angten tai tram géc BSs
Cong suat can dé chay cac phan tir | 0,1W
mach tai mdt MSs
Cong suat yéu cau cho qua trinh ma | 0,9 W/(Gbit/s)
hoa va gidi ma
Cong suat yéu cau cho luu luong | 0,25 W/(Gbit/s)
duong truc

18W

(a) Anh hiréng ciia sé ang ten ¢ tram goc

Két qua mo6 phong hiéu qua sir dung ning luong cta hé théng ¢& 16n dudi dang
ham s6 cua sb dng ten tai tram gdc N, cho cac gia tri khac nhau cua sb thué bao
trong mot cell U € {6, 12, 18, 24}. Tir cac két qua md phong trén, ching ta co thé c6
mot s6 nhan xét nhu sau: V6i mot gia tri s6 thué bao trong mot cell U ¢b dinh, hiéu
qua sir dung ning luong cia hé théng 13 mot ham 10i cua sb dng-ten tai tram gdc.
Diéu nay c6 thé giai thich dwa vao tdc do ting cta téc do bit tong cong va cla tong
cong suét tiéu thu khi ting sb dng ten tai tram gbc, luu ¥ ring, tong cong suit tiéu
thu 12 mot ham tuyén tinh bac nhét cua sb ang ten tai tram gdc. Trong khi do, toc do
bit téng cong 1a mot ham logarithm cia s6 dng ten tai tram goc. Vi vay, khi s ang
ten tai tram géc nho, khi tdng sb ang ten tai tram géc, hi€u nang st dung nang lugng
ctia hé thong ting gan nhu tuyén tinh. Néu tiép tuc ting s6 dng ten tai tram gdc, dén
mot thoi diém nhat dinh, tbc do ting cua toc do bit tong cong s& cham hon tdc do
tdng cua téng cong suét tiéu thu, khién cho hiéu qué st dung nang luong cua hé
thong bat dau giam. Véi s6 thué bao trong mot cell U € {6, 12, 18, 24}, s6 ang ten
tai tram géc t6i wu vé hidu qua st dung nang lugng tuong ung la N; = {44, 60, 68,

76}. Hién nay, mot sb cong ty da trién khai thur nghiém mot s6 hé théng thong tin di
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dong MIMO c¢& réat 16n c6 t6i 128 dng ten nham muc dich nghién ciru va thir nghiém.
C6 thé nhan thy, dé t6i vu hiéu qua str dung ning luong trong hé thdng sir dung
nhiéu ang ten, s6 luong dng ten can trién khai tai mdi tram gdc hoan toan ndm trong

gidi han cho phép cua cac cong ngh¢ hién co.

3.2

=6- U=6 UEs/cell | :
=8~ U=12UEs/cell | :
—6— U=18 UEs/cell | :
=&~ U =24 UEs/cell | :

Hiéu qua str dung nang luong trung binh [Mbit/Joule]

i i i i i i i b
1'%0 40 60 80 100 120 140 160 180
S8 &ng-ten tai mét tram géc

Hinh 2.4. Anh hwéng ciia s6 lrgng ing ten tai tram goc 1én hiéu qua sir
dung niang luwgng trung binh
(b) Anh hurong ciia s6 thué bao trong mét cell

Két qua mé phong hiéu qua st dung ning luong cua hé thong str dung nhiéu
ang ten 1a ham sb cua sb thué bao trong mot cell v6i sd dng ten tai tram gdc cho
trudce, ching ta co thé nhan théy réng voi s6 ang ten tai tram géc cho trudc, viéc
tang s6 thué bao trong mot cell (sao cho sb thué bao trong mot cell ludn it hon mot
nira s dng ten tai tram gdc) s& lam ting hiéu qua st dung ning luong trung binh
ctia hé thdng, tuy nhién, lugng ting hiéu qua sir dung ning luong trung binh cia hé

thong trén moi thué bao mdi s€ giam di.
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3.6

320 e A o b

2.8 R ol T N A

240 [ e SSISIITTE: HFUISTIPTS Sppppes de
- Nt=144 angten

= N =128 angten

- Nx = 84 angten

Na.

Hiéu qua str dung nang lugng trung binh [Mbit/Joule]

i i i i
6 12 18 24 30 36 42
S6 thué bao trong mét cell

Hinh 2.5. Anh huéng ciia s6 thué bao trong mét cell Ién hiéu qua sir dung
nang lwgng trung binh

(c) T6i wu hiéu qua sir dung nang hrong

S6 angten tai tram gdc t6i uu vé hiéu qua st dung ning luong véi sé thué bao
trong mot cell cho trude, hidu qua sir dung niang luong tdi wu Gmg véi sb dng ten tai
tram gdc t6i uu dd xac dinh, c6 thé nhan thiy rang s6 dng ten toi uu tai tram goc va
hiéu qua sir dung ning lwong gan tuyén tinh theo s6 thué bao.

Tir mot s6 phan tich va quan sat cac két qua mo phong, rit ra mot sé nhan xét
nhu sau: Vi mot gia tri sb thué bao trong mét cell U ¢d dinh, hiéu qua s dung
ning lugng ciia hé thong 1a mot ham 16i cua s6 ang ten tai tram gdc. Dé tdi wu hidu
qua st dung nang luong trong hé thong MIMO ¢4 rat 16n, sé luong dng ten can trién
khai tai mdi tram gdc hoan toan nam trong gidi han cho phép cua cac cong nghé
hién c6. Véi s6 ang ten tai tram géc cho trudc, viéc tang sb thué bao trong mot cell
(sao cho sb thué bao trong mét cell ludn it hon mot nira sd dng-ten tai tram goc) s&
lam tang hiéu qua sir dung ning luong trung binh ctia hé thong. Tuy nhién, luong
tang hiéu qua sir dung nang lugng trung binh ciia hé thdng trén mdi thué bao méi s&
giam di. S6 ang ten tdi vu tai tram gdc va hiéu qua str dung ning luong tbi wu tuong
{mg ting gan nhu tuyén tinh theo s6 thué bao trong mot cell. S& lwong Nt dugc thé
hién 1a trong khoang 84,128 va 144 ing ten, hiéu qua sir dung ning luong t6i vu

dugc tinh bang bit/JToule (hay Mbit/joule).
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Hinh 2.6. S6 ang ten tai tram gf')c t6i wu vé hiéu qua sir dung nang lugng va

s6 thué bao trong mét cell

2.4. Két luan chwong 2

Chuong nay gidi thiéu Chuong nay trinh bay tong quan vé hé théng nhiéu
ang ten phan chia theo thoi gian da nguoi dung TDD, la mot dang cua k§ thuat
thong tin sir dung rat nhiéu ang ten & tram gbc, k¥ thuat nay trong LTE Advanced
Pro sir dung téi 64 hoac tham chi 128, dng ten ¢ tram géc dé phuc vu déng thoi
hang chyc thué bao trén ciing mot tai nguyén vo tuyén cho phép ting dung luong
tong ciia mdi cell 1én tir 5 dén 10 14n so véi tong dung lugng cia mot cell trong LTE
Advanced Release 10 va trinh bay mot sé dic trung k¥ thuat riéng cia trong khudn
khd ho tiéu chuin cta 3GPP.

Két qua phan tich hiéu qua sir dung ning luong cua hé thdng thong qua céac
tham sd cong suét tiéu thy, toc do dat dugc, anh huong cia sb ang ten tram géc va
anh huong cua sd thué bao trong mot tram gdc trong kich ban mo phong va cac
tham s6 mo phong, chuong ndy da cho thiy anh huong ciia sb ang ten tai tram gdc
va sb thué bao trong mét cell 1én hiéu qua st dung ning luong cta hé théng thong
tin vo tuyén st dung nhiéu dng ten la khac nhau. Tir nhiing phan tich trén co thé
thdy rang hé théng vo tuyén nhiéu dng ten c6 mot trién vong rat 16n trong phat trién
hé théng mang vién thong trong twong lai, 16n da ngudi dung da cell véi mo hinh

kénh phtre tap hon.
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CHUONG 3. CAI THIEN HIEU QUA NANG LUQNG TRONG HE
THONG VO TUYEN SU DUNG NHIEU ANG TEN FD

3.1. Giéi thi¢u chung

Thomas Mazretta d3 dé xudt mot y tuong dé tan dung tiém nang cua ki thuat
MIMO théng qua viéc str dung rat nhiéu ing ten & tram gdc hay eNodeB dé phuc vu
ddng thoi hang chuc thué bao sir dung ciing mot tai nguyén vo tuyén [60], [61] [62],
va dugce dé xuit trong bd ti€u chuin 3GPP LTE-Advanced Pro (co thé coi 1a tiéu
chuan cua t6 chire 3GPP cho mang 4,5G hay mang 5G) [62-65].

Chuong nay gidi thiéu va xem xét kién trac mang FD khong dong nhat véi dir
li¢u duoc tach riéng, & d6 co ban mot cell quan 1y céc tin hi€u diéu khién va mot
cell quan 1y luu lugng dir li€u, kién tric hé théng va hiéu qua st dung nang lugng
bang chuyén giao dich vu khong ddng nhat dya vao ngit canh thong tin va cac tham
sb chét lugng thong tin duoc dé xuét nhu 1a cong suét tin hiéu thu, toc do di chuyén
cua UE, tai luu lugng, murc diéu khién cudc goi, loai dit li¢u thong tin.,. Sau do6 tinh
toan va phéan tich xac suit chuyén thanh cong dich vy nham tiang luong thong tin
truyén tai va giam cong suat tiéu thu dé cai thién hiéu qua str dung ning luong trong
hé théng.

3.2. Kién tric hé thong
3.2.1. Téng quan vé hé thong vo tuyén sic dung nhiéu dng ten FD (Full-
Dimention)

Hé théng vo6 tuyén sir dung nhiéu ing ten & may phat va mdy thu dé tiang toc
d6 truyén tin, ting do tin cdy va chong nhiu so v4i hé thong thong tin don ang ten,
hé théng cho phép chia nhé dir liéu can truyén thanh cac luéng dwr liéu doc lap dé
truyén dong thdi qua céc dng ten sir dung ciing mot tai nguyén vo tuyén, vé co ban,
toc do dir liéu tong cong ting ty 1& voi sé ludng dit lieu doc 1ap cé thé truyén dong
thoi. Nho vao nhiing loi ich trén, k¥ thuat da duoc tich hop vao nhiéu ho tiéu chudn

thong tin v tuyén khac nhau nhu ho tiéu chudn 3GPP LTE/LTE Advanced cho
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mang thong tin di dong té bao, ho tiéu chuin IEEE 802.11n cho mang vo tuyén ndi
hat (WiFi) hay mang thong tin v6 tuyén adhoc.

Do céac han ché vé khong gian lap dit, cong nghé san xuat va chi phi lap dat
ang ten, sb lugng ang ten co thé duoc trang bi tai cac nit mang trong cac ho tiéu
chuan hién nay thuong bi gidi han, vi du, trong tiéu chuan 4G LTE Advanced
Release 10 quy dinh mdi eNodeB chi ¢o ti da 08 dng ten va mdi UE chi co tbi da
04 ang ten. Do d0, s6 ludng dit lidu doc 1ap t6i da c6 thé trao dbi dong thoi giita mot
eNodeB va cac UE ciing bi giéi han. Cu thé, khi st dung ky thuat thong tin don
nguoi dung (SU-MIMO), tiéu chuin 4G LTE-Advanced Release 10 hd tro truyén
déng thoi t6i da 04 luéng dir licu doc 1ap gitta eNodeB va mdt UEs. Tuong tu, khi
st dung k¥ thuat thong tin da nguoi dung (MU-MIMO), LTE-Advanced Release 10
ho trg truyén déng thoi tdi da 08 luéng dir liéu doc 1ap gitra eNodeB va mot s6 UE.
Mic di da eNodeB trong mang 4G LTE-Advanced Release 10 dd hd trg truyén
d6ng thoi nhidu ludng dir liéu doc lap, nhiing ing dung cu thé cua ky thuat MIMO
trong cac mang thong tin di dong hién nay (mang 4G trd vé trudc) chua phat huy
hét tiém ning cua ky thuat nay.

Hé théng vo tuyén sir dung nhiéu ang ten FD bit ddu duoc dwa ra thao ludn
trong 3GPP tir khoang giita nam 2012, tir 46 dén nay, dang dan dugc tich hop vao
ho tiéu chuén 3GPP cho mang 4G va mang 5G. Gan day, FD-MIMO da chinh thtrc
1a mot cong nghé cau thanh cua bo tiéu chuidn 3GPP LTE-Advanced Pro (Release

13 va sau do)

M6 hinh kénh 3D FD-MIMO FD-MIMO dugc
duwoc tim hiéu duwoc tim hiéu ghién ctru chi tiét
Rel-14 & Rel-15
2012 / 2013 2014 2015 2016 2017
RAN Rel-12 workshop: FD-MIMO cho Release
FD-MIMO dwoc gidi thiéu 13 dwoc hoan thanh

Hinh 3.1. Tién trinh tich hop FP-MIMO trong ho 3GPP [66]
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Vé co ban, FD-MIMO 1a mot dang hé thng sir dung rat nhiéu dng ten & tram
géc dé phuc vu déng thoi nhiéu thué bao, cu thé, 3GPPLTE-Advanced Pro Release
13 quy dinh mdi eNodeB ¢6 thé c6 t6i 64 dng ten dé phuc vu dong thoi hon 10 UEs
trén cting mot tai nguyén vo tuyén. V& nguyén tic, ciu hinh FD-MIMO sir dung 64
ang ten & eNodeB cho phép ting dung luong tong cua cell 1én khoang 5 1an so véi
céu hinh MIMO truyén thong véi 8 dng-ten & eNodeB trong 3GPP LTE-Advanced
Release10. Du kién, 3GPP LTE-Advanced Pro Release 15 s& quy dinh viéc hd tro
t6i 128 dng ten & mdi eNodeB va cho phép phuc vu dong thdi nhiéu thué bao hon,
tir d6 cho phép ting dung luong tong 1én 10 1an so véi dung luong tong dat duoc &

3GPP LTE-Advanced Release 10 [66].

0
I 10x
|
|
o |
S
<
2| 3x-5x
S
§’ : 1x
ac_-WER______B______ -
Adv. MIMO FD-MIMO FD-MIMO

8 dng-ten (Rel-10) 32-64 ang-ten (Rel-13/14) 128 &ng-ten (Rel-15)
Hinh 3.2. Loi ich vé tong dung lwgng theo s dng ten tai mdi tram goc trong FP-
MIMO [66]

Truyén dan MIMO da ngudi dung (MU-MIMO) giita eNodeB va cac MS dua
trén k¥ thuat tao bup song sd (digital beamforming), tuy nhién, cac phién ban trudc
day (Release 12 tro vé trude) chi sir dung k¥ thuat tao bup séng s trong khong gian
2 chiéu (2-D beamforming) hay beamforming dua trén goc phuong vi (azimuth),
Trong khi d6, FD-MIMO str dung k¥ thudt tao bup séng sd trong khong gian 3
chiéu (3-D beamforming) hay bup song dwa trén ca goc phuong vi va ca goc ta
(elevation), diéu nay cho phép hé thong c6 thé hd tro dong thoi nhidu MS hon va

tao su linh hoat trong vi¢c 1ap lich cac MS s€ phuc vu tai mot thoi diém nhét dinh.
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Beamforming theo géc ta

A
L NE A8
2 A

Hon 10 U]E dwgc phuc vy
dong thoi

eNodeBs c6 t6i 64
ang-ten

Beamforming theo goc phuong vi !

Hinh 3.3. Ciu hinh co ban FD-MIMO trong 3GPP LTE-Advanced

3.2.2. Ciu triic dan dng ten

Céc hé théng thong tin MIMO truyén thong thuong gia thiét dan ang ten c6 cu
tric thang tuyén tinh cach déu (ULA-Uniform Linear Array). Tuy nhién, khi sd
lwong dng ten tai tram gbc 16n thi cdu trac dan dng ten ULA yéu cau kich thudc vat
1y kha 16n, v6i mot hé théng thong tin MIMO hoat dong ¢ tan sé song mang f. =
2GHz (g véi bude song A = 0,15m) thi mot dan ang ten c¢6 cdu trac ULA vé6i 128
phan tir c6 kich thudc khoang 19m. Chinh vi vay, 3GPP LTE Advanced Pro khuyén
nghi st dung cdu trac dng ten dang hinh chir nhat cach déu (URA — Uniform
Rectangular Array) két hop sir dung cc phan cuc dng ten khac nhau. Céu trac dng
ten FD dugc md hinh boi bd 03 tham s6 (M,N,P) trong do: (i) M 1a sb ang ten c6
cung phan cuc trén mdi cot, ii) N 13 sd cot trong ciu traic URA, va (ii) P 1a s6 phan
cuc ang ten dugc st dung [69],[70],[71]. Khi d6, mot cdu tric dan dng ten URA véi
128 phan tir va P = 2 phéan cyc ang ten c6 thé duoc bd tri trén mot hinh vudng c6
kich thuéc (Im x 1m). Nhu vay, cau tric dan ang ten URA véi nhiéu phan cuc cho
phép tang tinh kha thi cua viéc trién khai dan dng ten v6i hang trim phan tir trén
thuc té. Hién nay, 3GPP LTE Advanced Pro Release 13 quy dinh s6 cot trong dan
angten URA1aN=1,2, 4, 8 va 16; sd phan cyc ang ten P = 2 v41 +/-45° & eNodeB
va 0/90° & UE. Khoang céach giita cac phan tir dng ten ké nhau duoc quy dinh 13 nia
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budc song hay 0,51. Ting ich hudng cuc dai ctia mdi phén tir dng ten 1a 8dBi. Hinh
2.4 thé hién cAu trac dan ang ten hinh chit nhat cach déu véi N ¢t va M ang ten

trén moi cot P = 2 phan cyc khac nhau (bi€u dién mau xanh va bdi mau do)

W=1m

XX X
(M-1,0) (M-1,1) (M-1,N-1)

><>< ...... ><

(1,0) (1,1) (1,N-1)

v>< >< ...... ><

(0,0) 0,1) (O,N-1)

H=1m

Hinh 3.4. Céu tric dan ing ten hinh chir nhat

3.2.3. Xur ly tin hiéu

Cac ludng dir liéu tng voi Nap cong dng ten (antenna port) dugc xur 1y qua 03
budc trong khi duoc truyén tir cong dng ten t6i khi duge phat ra mdi trudng qua
ang-ten phat vat Iy (nhu dugc minh hoa trong hinh v&). Budc thir nhat 14 4o hoa
cong ang ten (antenna port virtualization) trong d6 cac ludng dir liéu ing véi cac
cong dng ten duoc ma trude 1én mot sé khdi thu phat (TXRU: Transceiver Unit).
Budc thir hai 1a 40 hoa khdi thu phat (TXRU virtualization) trong d6 tin hiéu ¢ au ra
ctia cac TXRU duoc ma trude 1én mot sb ang ten vat Y. Budc cudi cing lién quan
mAu phét xa ctia dng ten vat 1y trong d6 tin hiéu dugc phat di tir cac phan tir ciia dan

ang ten v6i mau phat xa dinh hudng nhét dinh.
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Ma tréin 4o héa TXR Ma trén 4o héa
X TXR Y
Tir port téi cac T TXRU dén
TXRU angten
MR —
Nap No
TXRUs
Cong 40 hoa TXRU io

Hinh 3.5. Cac buwéc xir Iy tin hi¢u tir bing tin co sé téi ing ten

Nr port

M&i khéi thu phat TXRU chi gan véi cac phan tir ang ten cua dan ma cé cing

phan cyc. Co hai lya chon cho budc a0 hoa khéi thu phat dé xtr 1y tin hiéu. O luya

chon thir nhat, mdi TXRU chi két ndi dén mot tap con cac phan tir dng ten c6 cung

phan cuc. O lua chon thr hai, mdi TXRU dugc két ndi dén toan bo cac ph?m tor dng

ten ctia dan c6 cung phan cyc. Tin hiéu khi truyén tir TXRU dén céc phan tir ing ten

vat 1y s€ dugc nhan véi cac trong sb nhat dinh [70].

__lEveS
=X
=X

RN\ 7/

Hinh 3.6. Cac ll.;a chon #0 héa khoi thu phat (TXRU virtualization options).

3.2.4. Kénh khong gian 3 chiéu

Hé thdng FD duya trén k¥ thuat tao bup song s6 khong gian ba chiéu, diéu nay

yéu cau viéc udc lugng chinh xéc goc ta va gdc phuong vi ctia céc song lan truyén

giita BS (eNodeB) va MS, viéc udc lugng cic gbc nay lai can dén mot mo hinh

kénh vo tuyén duoc xay dyng cho khong gian truyén song 3 chiéu va thuc té 1a
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3GPP dang c6 nhiing nghién ciru dé xay dung mo hinh kénh vo tuyén 3 chiéu nay
nhu dugc trinh bay trong [71]. Mot s6 diac diém khac biét cia mo hinh kénh vo
tuyén 3 chiéu so v&i mo hinh kénh vé tuyén 2 chiéu truyén thdng la:

- Diéu kién tdm nhin thing (LoS — Line of Sight) cta kénh phy thudc vao do
cao ctia MS va khoang cach gitta BS va MS. Vé co ban, xac suit xuat hién
duong truyén tam nhin thang s& ting theo do cao ciia MS va theo khoang
cach gitra BS va MS.

- Suy hao truyén dan trong khong gian phu thudc vao do cao ciia MS, ching
han két qua do dac trong mot toa nha cao ting cho thiy MS ¢ tang cao hon
s& c6 suy hao truyén din trong khong gian nho hon véi do loi khoang
0,6dB/m chiéu cao.

- Su bién thién cta goc ta phu thudc vao do cao ciia MS va khoang cach giita
BS va MS. Cu thé, cac MS & xa BS s& c6 muc bién thién goc ta nho hon cac

MS & gan BS.

. Small ESD
\i\
V
Large ESD

Hinh 3.7. Su khong dong nhit vé do bién thién géc ta theo khoang cach tir BS téi
MS.

Hé thong khong ddng nhat Hetnet, tir goc do kién trac c6 thé duge xem nhu bao
gdm cac chirc ning mang truy nhap vo tuyén (RAN) thong thuong, kha ning truyén
tai RAN, cac té bao nho va chic ning vo tuyén, duge ao hda va phan phdi trong
moi trudng hoat dong. cac tai nguyén dir liéu trung tim duoc két hop véi tinh toan,
két nbi mang va luu trir [84, 85], chirc ning mang tu toi uu hoa (SON) 1a diéu can
thiét dé kich hoat tinh nang tang hi¢u suét va nang lugng mang theo thur tu do lon

v6i cac 6 nho, ty cAu hinh hodc 'plug and play' gitp giam thoi gian va chi phi trién
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khai, trong khi ty tdi wu hoa sau d6 dam bao mang tu dong diéu chinh hiéu qua tdi
da khi diéu kién thay d6i. Nhu ciu luu luong, van tc di chuyén ciia ngudi ding va
dich vu da phuong ti¢n thich trng, cdc ham li€n quan dén céc hoat dong va quan ly
ctia mang khong dong nhat Hetnet c¢6 kha nang tu t6i uu dé tiét kiém ning lugng c6
thé trong mot mién hodc mé rong nod dé cung cép vi€c quan ly chét lugng dich vu tu

dong trén toan bd Hetnet [86]

PrM: Profile Management

RsM: Resource Management
PeM: Performance Management
RANSs: Radio Access networks

ontext management

Core network

RANs

Hinh 3.8. Mang khong dong nhit Hetnet

Mot mang khong diy khong dong nhit nhiéu ing ten 1a mot trudng hop dic
biét cua Hetnet, trong khi Hetnet c6 thé bao g@)m mang may tinh hoac thiét bi co
kha ning khac nhau vé hé diéu hanh, phan ctng, giao thirc thi Hetnet MIMO 1a
mang khong day bao gém cac thiét bi st dung céng nghé truy cap vo tuyén co ban
khac nhau (RANs) [87].

Van con mot sé van dé can giai quyét trong cic mang khong day khong dong

nhat nhu: Xac dinh nang luc cia h¢ théng Hetnet MIMO [88], kha nang tuong tac
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ctia cong nghé [89], Chuyén giao, chat lwong dich vu/chat lwong trai nghiém [90],
su can thi€p gitra RANs [91]

C6 mét s6 loi ich dbi v6i Hetnet MIMO so v6i mang khong day dong nhat
truyén théng 1a do tin cdy ting, hiéu sut quang phd duoc cai thién va do phu song
tang 1én, do tin cay dugc cai thién bdi vi khi mot RAN cu thé trong Hetnet MIMO
khong thanh cong, n6 van c6 thé duy tri két ndi bang cach chuyén giao sang RAN
khac. Hiéu sut phd duogc cai thién bang cach sir dung RAN c6 thé ¢6 it ngudi ding
thong qua viéc can béng tai trén RAN va muc d6 phu hop co thé dugc cai thién vi
RAN khac nhau c6 thé 1ap day 16 hong trong pham vi phii séng ma bat ky mot mang

don 1¢ nao ciing khong thé 1ap day duoc.

Hinh 3.9. Cu tric hé th(”')ng té bao nhé (micro) [84]

3.3. T6i wu héa chuyén giao dich vu dwa vio ngir cinh thong tin
3.3.1. Cdc théng so ngit cinh thong tin

Trong pham vi luan 4n gia dinh rang kién trac mang khong dong nhat véi mot 6
macro ¢6 l6p phu cac 6 nhé chéng 1€n nhau, céc 6 nho tap trung tai mot vai khu vuc
néng va chi mot 6 macro duy nhit duoc gia dinh dé don gian, Tuong ty nhu cong
vi€c trong [92] va moéi trudong 6 macro s€ dugc xem Xxét.

Céc MSs thuong di chuyén tuan theo mot mo hinh chuyén dong ngiu nhién,

noi do cell thuong tra dia phuong dugc gia dinh cho cac MS trong céc cell tai cac
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diém nong. Toc d6 cua mot MSs thuong tuan theo su phin bd dong déu, luu luong
dr liéu dugc tao tai MSs dugc xéac dinh 1a luu lugng dir ligu tbe do thép hoac luu
luong dir liéu tdc d6 cao dua trén gia tri dugc xéc dinh trude ty 1€ luu lugng dir lidu
tdc d6 cao. Mot s gia thuyét nghién ctru dé xuit nhu sau:

Gia thuyét 1: Piéu kién tham nhap cudc goi dugc kiém tra d6i voi cac RAN
trong danh sach RAN c¢6 thé dugc chuyén giao duoc dinh nghia cong thic (3.1):

C’ + Creq < THHO X C (3.1)

Trong d6 C ' 1a ning lyc yéu cau ciia MS dang hoat dong, Creq 13 cong suit yéu
cu ciia mot cude goi chuyén giao, C l1a nang lyc dép ung, THuo la ty 1€ nang luc
RAN du trit cho cudc goi chuyén giao.
Néu diéu kién cua (3.1) khong thoa mén tai mot RAN thi bi loai khoi danh sach
RAN c¢6 thé chuyén giao
Mirc diéu khién tham nhap duoc dinh nghia trong (3.2):

1, néu C' + Creq <THpn xC
= 4=" o 3.2)

Chrager_psic {0, néu khac
Gia thuyét 2: Tinh kha dung cua dich vu thong tin tai RAN duoc kiém tra thong
qua trang thai cuia RAN dugc phan loai thanh tat va bat dugc dinh nghia theo cong
thirc (3.3) va (3.4):

{1, néu Bg_ bat
_ 5 e

Wss = . 3.3

S L0, néu khac (3.3)
_ (L néu u, dwoc phuc va boi B,

assk [ 0, néu khac (3-4)

Tai luu lugng cia mot 6 macro va mot 6 nho duge dinh nghia nhu trong Cong
thue (3.5):

_ ][1, néu lwu lvong Biarget—psi @ mikc cao (3.5)
A

T
D_Cellioad pearser s 0, néu khac
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Gia thuyét 3: Su ton tai cua dich vu dit liéu yéu cau boi MS k, kiéu dit liéu cua
MS k, va toc do ciia MS k duoc dinh nghia trong phuong trinh (3.6) - (3.8):

de=1{

10, néu khar

néu u, véu cau dich vu
" ' : (3.6)

(3.7)

(3.8)

Pé xem xét RSS cia RAN, Cac su kién A2 va A3 duoc dinh nghia trong
phuong trinh (3.9) va (3.10)

1, néu diéu kién A2 thda man (3.9)

AZBSEI“.’_BS.k: {0 néu khac

1, néu didu kién A3 thda man
=)= ' 3.10
A3ptarget psik {D, néu khac ( )

Céc truong hop chuyén giao dugc xem xét va dé xuat nhu sau:

Miéu ta céc case nghién ctru

Caae 1: Chuyén giao dich vy tr mgt 6 macro hién tai sang mot 6 macro khac

Case 2: Chuyén giao dich vy tr mgt 6 macro hi¢n tai sang mot 6 micro khac

Case 3: Chuyén giao dich vu tir mgt 6 micro hién tai sang mdt 6 macro khac

Case 4: Chuyén giao dich vy tr mgt 6 micro hi¢n tai sang mot 6 micro khac

Tong sd chuyén giao duoc dinh nghia nhu trong phuong trinh sau:

HOtotal = HOcasel + HOcase2 + HOcase3 + HOcase4 (3.11)

Duya trén sé lugng chuyén giao, phan tich va tinh toan tong mic tiéu thu ning
lugng ctia mat té bao macro BS va mét té bao nhd BS, trong d6 dai dién
No_UElow rate va No UEhigh rate sé lugng MS duoc phuc vu véi luu luong dir

liéu tde do thép va MS v6i luu lugng dir licu tdc d6 cao va tuong ung.
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Sau do, tong muc tiéu thu ning luong cua cac BS trong mang duoc xem xét thu
duoc bang cong thuc (3.12):

58 By

» 1
b _p N p (3.12)
* total * Macriotal ¢ (: * Fmaill total,k

k=1

Cudi cung la van dé toi uu hoa cua dé€ an dugc dé xuat dé giam thi€u s luong

handovers dugc xay dung nhu trong phuong trinh sau:

E’E HO:GMJ
S, t Ok < Wi, Uni = Ws,
o = ol

' o
Wagm Wis < 1

1<k < NumUE, 1 <n < NumBS,

(3.13)
Xem xét tit ca cac phuong trinh trudce, cong suét tiéu thu c6 thé cua mot té bao

nhd dugc dinh nghia nhu trong phuong trinh (3. 14):
P(SS)small = Wss X (PS2¢+ Pyriail tincar) (3.14)
Ngoai ra, ti€u thu dién nang co thé c6 cua mot té bao macro duoc dinh nghia
nhu trong phuong trinh (3.15):

P,ﬂ!acra_tata! = an;

X (Pstatic+ PMacr_linear) (3 15 )
Téng mirc tiéu thu nang luong duge dinh nghia nhu trong Cong thire (3.16):

56 BSg

Ptan:[ = P.'Lfacr rota + P (Ss)sm:m total
§5=1 (3.16)
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Cudi cung, van dé t6i wu hoa ning luong cua luan an duoc dé xuit dugc xay
dung nhu trong cong thic (3.17):

min

P

e Creratl
S, t Pimn)__ .. =< pPTox,
b s OANTEASTRIGL =5 g

P = PhEE

macr

Dpymp = Wa, Os.k < wg,

~

) o, . =1

A e -

—n=i

Woar  Weo =1
LT 1)

(3.17)
3.3.2. Déi sanh Ontology

Xay dyng céc thanh phan va CSDL ontology: Cac ca thé, cac 16p, cac thudc
tinh, cac mbi quan hé, cac thudt ngit trong cac tir vung va mdi lién hé gitra cac thuat
ngir ndy dé dam bao phu hop véi qua trinh xt 1y boi cic phan mém. Sir dung
phuong phap d6i sanh Ontology (Ontology matching) va tdp mo fuzzy logic dé suy
luan va quyét dinh chuyén giao dich vu theo ngit canh thong tin.

Céc thong sé duoc dé xuat dé sir dung trong viéc chuyén giao dich vu giira cac
nha cung cép dich vu bao gém cac diéu kién nat mang, diéu kién nut di dong, cling
nhu kha ning cta cic mang khac nhau trong ving lan cn cua nguoi sir dung. Dé
tranh chuyén giao khong lién tuc giita cac dich vu, hay goi 1 hiéu Gng ping-pong,
céc gid tri cira sb trung binh ciing dugc st dung logic dé xir 1y cac thong sé va quyét
dinh xem co6 nén chuyén giao dich vu hay khong. Luan an dé xuét tap hop suy luan
logic md dé dua ra quyét dinh c6 chuyén giao dich vu hay khong dua trén cac tham
s6 quan 1y chat lwong, mdi tdp hop md s& co cac gia tri thap (L range), trung binh
(M range) hodc cao (H range), déu ndm & mirc gia tri gitta” 0” hodc “17, cac gid tri

nay s& duoc nhd bo suy luan hodc suy dién tuong quan lién hé va ra quyét dinh dua
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trén mot bd quy tic md duoc ap dung dé xac dinh ngit canh chuyén giao dich vu
gilia cac BSs nén xdy ra vao thdi ndo. C6 hai kha nang xay ra nhu sau chuyén giao
dich vu (HO) hodc khong chuyén giao dich vu (NOHO), Mdt $6 quy tic suy dién
mo cho céc trudng hop chuyén giao va khong chuyén giao theo thuat toan nhu sau:

IF (BLER = Medium) AND (NHO = Low) VA (TAT = Medium) VA (COST =
Low) THEN HO

IF (BLER = Medium) AND (NHO = cao) VA (TAT = Low) VA (COST = cao)
THEN NOHO

Context i

management Agent

Ontology matching i
Ontology —
provider
Use Use logic Probabilistic
Ontology reasoning

Hinh 3.10. Nguyén ly ddi sanh ngon ngir OM

Decision

3.4. M6 hinh hiéu qua ning lwong hé théng khong dong nhat da ngudi diung

3.4.1. M6 hinh hé thong

Trong hé thong, gia dinh kién tric mang khéng dong nhéat voi mot 6 macro cd
16p phu cac 6 nhoé chdng 1én nhau, cac tham s ctua BS hién c6 lién quan nho hon
ngudng xac dinh trude, nhu duge dinh nghia trong 3GPP [93] [94]. M6t UE dinh ky
kiém tra cac thong s dich vu dé dam bao chat lwong thong tin hién tai (QoS) cia
cac mang truy nhdp RAN (hay goi tat 1a AN) hi¢n tai va RAN lan can, uvu tién thiét
bi nguoi diung duoc két ndi voi BSs san sang c6 QoS dam bao va tim kiém danh

sach 0 dich chuyén giao néu cac thong s6 ngt canh cia AN hién c6 lién quan nho
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hon ngudng xac dinh trudc va duge dinh nghia trudce. Sau do, 1iét ké cac danh sach
cac RAN c6 thé chuyén giao, quyét dinh chuyén giao giita cac 6 dua vao ngit canh
thong tin, cac thong sb ngit canh dugc quan tim nhu 13: cong suét truyén din (RSS),
ty 1& 15i bit (BER), ving phu song (Coverage), toc d6 thong tin (SP), van tdc di
chuyén (VL). Trong pham vi nghién ctru, cic tham s6 ciia mot MSs dugc phén loai
1a thip, cao, trung binh.

DPbi v6i MSs toc dd cao, dich vu cua MS duogc chuyén sang mdt 6 macro dé
giam sb lugng chuyén giao, ké tir khi chuyén giao thudng xuyén giita cac té bao
nhd va gitra mdt té bao nho va mot té bao macro, do MSs tc do cao, 1am giam chét
lugng trai nghiém cua MS. Do d6, MS tao ra mgt danh sach ing ctr vién 6 macro va
tim mot 6 macro dich bang cach giai quyét van dé ting ty 1& chuyén giao va hiéu
qua ning luong bang thuat toan mo, Pdi véi MS tde d6 thap, cac tiéu chi khac nhau
duoc ap dung dé chon mot 6 dich tuy thude vao loai dir ligu, néu MSs c6 luu lugng
dit liéu téc dd cao, nd s& dugc chuyén cho mot BS nho, néu co té bao nho BS dé
giam tai lyu lugng truy cdp tir mot té& bao macro BS. Do d6, MS tao ra mot danh
sach g clr vién cac t& bao nho va tim thiy mot té bao nho myc tiéu bang cach giai
quyét van dé tang ty 1& chuyén giao va hiéu qua ning lugng bang cach sir dung thuat

toan logic mo.....

Domain

Hinh 3.11. H¢ théng v6 tuyén da ngudi dung c& 16n
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Bang 3.1. Cac tham s6 mé phéng

S6 lugng cell: 50

S6 lwong MSs: 250

Ban kinh macro cell: 1000 m

Ban kinh cua micro cell: 50 m

Cong suét phat ciia macro cell: 46 dBm
Cong suit phat ctia micro cell: 25 dBm
RSS -13.98 dBm

PMacro_static: 780 W

Psmall_static: 21.6 W

PMacroﬁlinear: 540 W

Psmarn _linear- 5.4W

Dung lugng cia macro cel: 500

Dung luong cta micro cell: 25

Creq low: 0.05

Creq_hith 1

THuo: 0.7

Ty 1€ luu lugng dir ligu tdc do cao: 0.5
v_threshold: 50 km/h

v_max: 100 km/h

L threshold: 0.1

ci,c2,11,12: 0.5

£ ¥ onitoring
Working in AN1 Working in AN2 Working in AN3
A 4
Measurements
- Bandwidth
= ; = = - Velocity
" Decision Engine Decision Engine | RSS
- SIR
NF WF UF FT VF NF WF F FT VF - Other
\4 A
So sanh So sanh Decision Engine | v
Fuzzy logic
Read .
AN3 Y —* NF / F UF| FT VF \ Algorithm
Pun i
youne Sai Wait N(s) | | [Wait M<N(s)| [So sanh
Handoff to vy VY
AN3 NF WF UF FT
Handoff to Handoff to
ANI1 AN2

Hinh 3.12. Luwu dd chuyén giao giira cic RAN
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3.4.2. Quy trinh thwc hién mé phong

Dua trén 1y thuyét nghién ciru va thyc tién hoat dong ciia mang vién thong, cac
quy dinh quan 1y chat lwong mang va mot sé nghién ctru ciia mot s tac gia trude
day, dé xuét quy trinh thyc hién nhu sau:

Budc 1: Thu thap dir ligu, sb lidu: Cac dir liéu vé tham sd tiéu chuan hé théng
thong tin vo tuyén sir dung nhiéu ing ten, chat luong dich vu ciia cac mang cung
cép dich vy, dinh nghia va m6 td mo vao ontology, trong d6 cé phan bi¢t khai niém
mé thanh nhiéu mutc khac nhau nhu khai niém mo cu thé va khai niém mo mo ta.
Ngoai ra, tinh mo cia mdi khai niém trong ontology 1an dau tién dugc dé xuit nham
giai quyét mot 16p bai toan dy doan va ra quyét dinh.

Chi tiét bude 1 dugc trinh bay trong phu luc I cua luan an

Budc 2: M6 hinh hoa va xay dung CSDL (dé xuat bang ngon ngit OWL Protege,
trong d6 sir dung CSP (constraint satisfaction problem) dé mé hinh héa bai toan tich
hop ontology md). Pay 14 hudng tiép can méi trong tich hop ontology néi chung va
tich hop mo noi riéng. CSP gitip mod hinh héa rang budc gitra cac thanh phan trong
ontology va kha ning lan truyén so khdp gitra cac ontology dua trén téi huu hoa

ham muc tiéu vé muc do khong théa man .

1 Thu thap dir lieu, s6 1igu
ap ¢ ¢
(Data, Voice. Multimedia)

Il

2 Xdy dung CSDL (Ontology-based
context)

3
Chinh sich ra quyét dinh 4 Céc thudt toan tmg dung | 5 Quyét dil:lh
(QoS —related parameters) | 7|  (Fuzzy logic, NFL) chuyen giao

6 |

Tinh toan, téi wu
(Blocking probability, success

percentage....)
7 ﬂ
? 7 P
CAu hinh lai va thye 28 Hl?“'qlla sir dung
hién lip lai ning lugng

Hinh 3.13. Quy trinh thuc hién mé phéng
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Budc 3: Xac dinh ham muc tiéu dé dit ra chinh sach ra quyét dinh, t6i thiéu hoa
cac tham sb k§ thuét so khdp, hoc tap va suy dién. Cac thuét toan lién quan dén tich
hop ontology duwa trén mé hinh hoc tap dugce dé xuét. Trong md hinh mé phong st
dung cac bd tham sb dir liéu chat luong thong tin trong hé thdng vo tuyén theo ITU-
TE.800 va trong [56] [57] [58].

Chi tiét bude 2 va bude 3 dwoc trinh bay trong phu luc 2 cua luan an

Budc 4: Cac thuat toan tmg dung trong phan suy dién va ra quyét dinh. Trong
pham vi nghién ctru bo qua cach thirc cac tap md duge tao ra nhu thé nao, ma quan
tam dén cac luat hd tro cho viée suy luan trén cac tap mo va cac phép toan su dung
thao tac trén cac tap mo, do 1a phép bu (complement) phép hop (union), phép giao
(intersection). Theo logic truyén théng (traditional logic), mot biéu thirc logic chi
nhén mat trong hai gia tri: True hodc False, con logic mo ¢6 thé nhan mot trong vO
sb gia tri nam trong khoang s6 thuc tir 0 dén 1. mirc d6 ding cua mét sy kién dugce
danh gia bang mot sd thyuc 6 gia tri nam gitra 0 va 1, tuy theo muc d6 dang “nhiéu”
hay “it” ctia n6, gia tri ctia cac bién trong biéu thirc logic md khong phai 13 cac con
s6 ma 1a cac khai niém, cach giai quyét cac bai toan trong logic md rat gan voi cach
tu duy cia con ngudi [59].

Budc 5: Phan tich, tinh toan va ra quyét dinh chuyén giao hay khong chuyén
giao dua vao thuat toan va suy luan va dién giai

Budc 6: Tbi uu hoa quyét dinh va danh gia két qua cac thong s6 KPIs (xac suit
thanh cong, ty 1¢ chuyén giao thanh cong, x4c suét 1i dich vu...)

Budc 7: Lua chon lai mé hinh sir dung hiéu qua ning lugng trong hé thong

Budéc 8: Thuc hién lap lai dé so sanh va lya chon theo muc tiéu tbi uu

3.4.3. Cdc két qud tinh todn va mé phong
Gia dinh cac khu vyc diém ndng c6 mot cach ngdu nhién trién khai 50 6 nho,
10 té bao nho dugc trién khai ngiu nhién bén ngoai khu vuc diém nong. 80% sd

MSs 1a phan bb ngau nhién trong pham vi 40 6 nho trong ving nong va 20% MSs



75

con lai 12 ngau nhién phan bd bén ngoai khu vuc diém néng. Hinh v& 3.14 cho thay
s6 luong chuyén giao va tong tiéu thu ning luong ciia BSs dé thay d6i s6 MS trong
6 macro, sd lugng handovers va tong nang luong tiéu thy cac BS trong ca chuyén
giao dua trén dé xuit ting vi s6 lugng MSs trong mot 6 macro ting 1én do nhiéu
MSs hon dan dén nhiéu chuyén d6i hon va nhiéu hon nira tiéu thu ning lugng. Sb
luong chuyén giao ciia dé xuat nho hon ciia viée chuyén giao dua trén phuong thirc
truyén thong trong ca viéc giam thiéu chuyén giao va giam thiéu ning luong, vi
MSs c6 luu lugng dir ligu tde do thép va toe do thép c6 thé duoc quan ly bdi mot 6
macro va két qua 1a giam lwong chuyén giao. Ngoai ra, tong muc tiéu thy ning
luong cua ngit canh chuyén giao dé xuat 13 nho hon 1 do MSs ¢6 luu luong dit liéu
tbc do thap va tde do thap c6 thé duoc quan 1y boi mot 6 macro va nhiéu té bao nhod

hon c6 thé dugc tat dé tiét kiém nang luong.

Ty 1é chuyén giao thanh céng 070
)
m
1 5 060
098 z 050
— k=
096 = 040 +4—
S g T
20 @Email & 030 5 A
'5“]/092 -] BData z'b 020 _Am‘
8 | OVoice =
g 09 S ot0
5088 1 &
B © 000 ——t—t
% UEB - 10 20 30 40 50 60 70 80 90 100
=084 A + +
]
AN AN2 ANG Users
Macro cells l —+—"High” range —®—"Medium” range “Low” range

Hinh 3.14. Ty 1¢ chuyén giao thanh céng

Sy phan bb tai nguyén gitra cac dich vu sau khi chuyén giao giita cac nha cung
cép dich vu dugc dua ra cho ca hai phuong phap tiép can dua trén chinh sach va lua
chon mang ngau nhién, mé hinh nay cé thé ap dung linh hoat va khong phu thudc
vao sd luong cac dich vu lua chon va nha cung cép dich vu. Két qua mo phdng cho
thdy hau hét cac truong hop yéu cau chuyén giao dich vu giila cic mang dugc phat
hién va thyc hién thanh cong véi mot ty 1€ cao, do do6 cho théy thuat toan hop ly
thoa dang sir dung trong quan 1y chit luong. Pac biét, co thé thiy khoang 90%
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chuyén giao thanh cong trong dich vu thoai, 88% trong cac dich vu data va khoang
95% trong dich vu multimedia, hdu hét cac truong hop ngit két ndi lién mang
(drop) da phat hién va lam giam hién twong hiéu tng ping-pong trong khi chuyén
giao giita cac dich vy. Cac tham sé quan 1y chat luong sir dung thuat toan mo suy
ludn logic tir dwa trén phuong thirc ddi sanh ngdn ngit ontology 1 hoan toan thich
hop cho viéc quan 1y chit luong dich vu va t6i wu ngudn tai nguyén cac nha cung
cép dich vy vién thong.

3.5. Két luan chwong 3

Chuong nay di trinh bay cac gidi thiéu ky thudt dic trung ctia hé théng FD-
MIMO nhu cdu tric dan dng ten, xir 1y tin hiéu, kénh khong gian 3 chiéu, fading
duong truyén, mot k¥ thuat truyén dan vo tuyén méi duoc chinh thirc dua vao ho
tiéu chuan ciia 3GPP cho cic mang thong tin di dong 4,5G va 5G, phuong thirc
chuyén giao dya vao cac ngit canh tham s chat luong thong tin nhu 1 cong suat tin
hiéu thu, tbc do di chuyén cua UE, tai luu lugng, mirc diéu khién cudc goi, loai dir
lidu thong tin. Thong qua phan tich cic két qua mo phong cho thay viéc t6i uu
chuyén giao gitta cac dich vu hodc giam sb lan chuyén giao giita cac RAN va giam
téng ning lugng tidu thy cua cic BSs thé hién xac suit chuyén giao thanh cong cao
gitta cac MSs dua trén ngit canh thong tin.

Véi co s ung dung 1a cac ontology, cac dir liéu di duoc ngir nghia hoa dé co
thé “hiéu duoc” bi may tinh, diéu nay da gitp ich rat nhiéu trong cac linh vuc can
su truy xuét, trao ddi thong tin mdt cach chinh xéc va ty dong, tuy vay, mo hinh nay
khong tu dong hda hoan toan ma can phai c6 su can thi€p ctiia con ngudi trong viéc
xdy dung cac metadata va cac tap luat. Trong tuong lai nghién ciru can tap trung
vao viéc mo ta nhiéu tham sé chat lugng thong tin hon ddi véi cac ontology dau vao
nham tim ra phuong phap OM thich hop qua sy két hop voi nhiéu tap luat phirc tap
va thong minh hon. c6 thé tap trung vao cac giai thuat dé thiét ké bup song s khong
gian, 1ap lich chuyén giao truéc cho UE duya trén thong tin kénh 3 chiéu va danh

sach quan 1y cdp phat tai nguyén vo tuyén.
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KET LUAN VA KHUYEN NGHI

Vi cac hé thong thong tin ndi chung va hé théng MIMO néi riéng thi hiéu
qua nang luong 1 van dé rat quan trong. Trong mot thé gidi cong nghé, véi su phat
trién manh mé& cta cong nghiép nhu ciu vé ning luong rat 16n nén phai ludn tim
giai phap sao cho hé thng phat trién bén virng, st dung ning luong hiéu qua nhat
gop phan tiét kiém chi phi, ting kha ning tai dau tu, ning cao chét lugng phuc vu
khach hang, dam bao su phat trién bén viing cho cac doanh nghiép cung cip dich vu

vién thong.

Luén an da tap trung nghién ctru dé xuét dugc mot sd giai phap st dung hi¢u

qua nang luong trong hé théng vo tuyén st dung nhiéu dng ten nhu:

(1) Nghién ctru nang cao hiéu qua ning lugng trong hé thong vo tuyén st
dung nhiéu 4ng ten phan chia theo thdi gian TDD. Tdi uu hoa sé lwong dng ten can
thiét tai mdi tram gdc khi tang s6 thué bao trong mot cell sao cho s6 thué bao cung
cap dich vu dong thoi trong mot cell luon nhiéu hon hon s ing ten cho phép tai
tram gdc nham giam cong suét tiéu thy cua tram gdc va tang hidu qua sir dung ning
luong cua hé thong. phan tich nhimg yéu t6 tic dong dén hiéu qua ning luong cua
hé thdng tir d6 dwa ra nhimg cong thic toan hoc sir dung mé phong danh gia hiéu
qua niang lwong ctia hé thdng MIMO dé chimg minh hiéu quéa ning luong phu thudc
vao sd luong angten cua tram gdc. Néu ting s angten 1én cang 16n thi hidu qua st
dung ning luong cang ting. Tuy nhién, viéc ting sd luong dngten ciing ¢ gidi han,
mot phan do céng nghé san xudt dngten va trudc ddy dé phat trién nhirng dngten
nhu vy thuong rat kho khan, véi cong nghé va ky thuat ngdy cang hién dai viéc
phat trién hé théng dngten 1én dén hang tram, tham tri 13 nhiéu hon nita déu c6 thé
thyc hién dugc. Chi can ting s lugng dngten & tram gdc ciing 1am ting hiéu suét st
dung ning luong, va khi tram gbc st dung angten 1én dén hang tram thi thiét bi MS
ngudi ding chi can don dngten van dem lai hiéu ning tot, diéu d6 gép phan lam

giam gia thanh san phiam cho ngudi ding.
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(2) Nghién ciru cai thién st dung hiéu qua ning luong trong hé thong vo
tuyén sir dung nhiéu dng ten kich thudc day da FD (khéng gian - thoi gian) khong
dong nhat Hetnet, st dung thuat toan thong minh d chuyén giao dich vu trong
mang khong dong nhét bang cac thuét toan thong minh trong quyét dinh logic mo
chuyén giao giita cac dich vu khac nhau dya vao ngit canh thong tin dé ting xac
suit thanh cong khi chuyén giao va giam t6i da cong suat tiéu thy trong cac tram co
s& ma van dam bao chét lugng thong tin theo tiéu chuin cho phép nham quan ly
hiéu qua ngudn tai nguyén, hé thong con gitip giam cong suat phat cua dngten &
tram gdc va dau cudi, diéu nay c6 y nghia vé& mit kinh té, than thién véi moi truong
va giam anh hudng cia birc xa dién tir d6i véi sirc khoe nguoi sir dung.

Tuy nhién, trong pham vi luan 4n maéi chi dé cap dén van dé hiéu qua nang
luong trong hé thong MIMO nhiéu dng ten da ngudi dung voi kénh truyén don gian.
Trén co sé ndi dung da thyc hién ciia ludn 4n, xin dé xuat mot s6 hudng nghién ciru

tiép theo nhu sau:

- Nghién ctru hiéu qua ning lugng trong hé thong MIMO c§ rat 1on da nguoi

dung da cell v&i mo hinh kénh phue tap hon.

- Nghién ctru hiéu qua sir dung ning lugng trong hé théng MIMO c¢& rat 16n

v&i qua trinh xtr 1y tin hi¢u khac nhu MMSE. ..

- Nghién ctru vé MIMO c& rat 16n dé niang cao héu qua st dung ning lugng
trong qua trinh xtr ly tin hi€u, vi dién tur, td chire kién tric mang, vv..voi mo
hinh kénh xir 1y phirc tap, thong minh hon dé quan 1y ngudn tai nguyén va sir

dung nang luong hi¢u quéa nhét trong hé thong.

Hién nay trén thé gigi, MIMO c& rat 1on (massive MIMO) 1a mét hudng
nghién ctu dang rat duge quan tam, va co thé dugc xem 12 “manh dat he‘ip dan”
danh cho cic nha nghién ctru, hé théng massive MIMO 1a mét trién vong rat 16n
trong twong lai, htra hen sé& 1a cong nghé cho thong tin di dong tuong lai véi toe do

dr liéu 16n va hiéu qua nang luong rat tot.
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PHU LUC

Phén nay trinh bay vé cac phu luc xay dung hé thong mé phong két qua cua
nghién curu, ¢ cac phu luc nhu sau: phu luc 1: Qué trinh khai bao, thu thap va xay
dung CSDL trén Protegé; phu luc 2: phén tich, truy xuat va ra quyét dinh chuyén
giao cac dich vu dua vao ngir canh thong tin va phu luc 3: Trich din ngudn coding
chay trén nén Java.
Phu luc 1: Qua trinh khai bao, thu thap va xay dung CSDL trén Protegé

Qua trinh khai bao, thu thap cac dir liéu mau (cac thong sb ki thuat tir tiéu
chuin chit lugng ciia mang vo tuyén sir dung nhiéu ang ten), cac dir liéu khai bao
va thu thap phai thoa man cac diéu kién

MBJi chirc ning 1a mot nha cung cap dich vu hodc 1a mot mang vo tuyén cung
cap dich vu khac nhau voi hé thong dng ten khac nhau va dugc xem 13 mot trinh
tmg dung dugc gin vao, yéu cau cia ontology 1a phai biéu dién dugc tri thirc can
thiét cho cac tmg dung. Ngoai cac khai niém tri thirc chung cua hé thong vién thong
no6i chung, mdi ung dung lai c6 dic thu riéng dbi véi timg nha cung cdp theo cic
tiéu chuan quy dinh cua thé gidi va trong nude. Do d6, yéu cau thiét ké ddi véi
ontology 1a: (1) phong phii va ding dan vé tri thirc; (2) kha ning sin sang va dé
dang ap dung; (3) kha ning md rong va cai tién; (4) kha ning chia sé tri thic giita
nhiéu tng dung. Tir yéu cau thiét ké trén, ontology duoc thiét ké phan tang védi cac
khai niém phan lam ba khéi chinh, mot 1a cac khai niém md ta tri thire vé linh vuc
dudi dang cac chu dé va phén nhom cia ching, Vi du céc chu dé vé Windows XP,
Linux thudc vé nhom chu dé Hé diéu hanh, Oracle, MySQL thudc vé co s& dit licu.
Trong d6 Hé diéu hanh va Co s¢ dit liéu 1a cic nhom con cia Cong nghé thong tin,
cac chu dé duoc coi 1a mot 16p céc ddi tuong tri thirc trong chu dé do6. Véi mdi
nhom chu dé, c6 thé thém cac thudc tinh phan loai khac kém theo chu dé. Hai la cac
16p mo ta nhom cac loai tai nguyén dugc chia sé trong hé théng, vi du d6i véi céc
loai tham sb quan 1y chat lugng hé thdng nhu: bang thong, van toc di chuyén, ty 1¢

16i bit BER, cong suit phat, ¢ thé co cac 16p con 1a cac gia tri thong sé theo quy
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dinh nhu: 24dB dén 30dB, 60m/s dén 100m/s, tir 10~ dén 100.8 dén 1W, 0dB...
véi mdi nhom tai nguyén, cac thudc tinh siéu dir liéu (meta-data) duoc lya chon str
dung dé mé ta. Ba 1a cac nhém dich vu nguoi st dung cua h¢ théng (dich vu voice,
data, multimedia...). Ciing gidng nhu tai nguyén, cac thudc tinh ciing duoc gin véi
ting nhém nhoém dich vu ngudi sir dung dé mé ta cac ca nhan va cac thong tin lién
quan khac, mbi quan hé giita ngudi sir dung véi cac khéi con lai trong ontology
thong qua céc lién két “1a cac ngudng gia tri dam bao chét lugng dich vu”.

Pé xay dung ontology quan 1y chit lugng thong tin theo nguyén tic thiét ké
& trén, nghién ctiru sir dung mo hinh biéu dién ontology dugc phat trién dua trén
OWL Full véi 3 muc: (1) Mirc siéu luoc dd (meta-schema): gdm céc 16p TopicCls,
DocumentationCls va PersonCls tmg v&i cac siéu 16p dung dé tao ra cac 16p mo ta
trong cac khdi tri thirc linh vuc, tai nguyén va cong dong nguoi sir dung. TopicCls,
DocumentationCls va PersonCls 1a cic 16p con cua owl: Class. (2) Mirc luoc dd
(schema): gém céc 16p dugc tao tir cac 16p & muc meta-schema, trong d6 Topic,
Documentation va Person 1a cac 16p co kiéu tuong ung 1a TopicCls,
DocumentationCls va PersonCls, tiy thudc vao mdi loai hinh g dung khéac nhau,
ma cac 16p ndy c6 thé dugec mo rong véi cac 16p con khac nhau. Vi du trong tng
dung chia sé tai li¢u hoc tap vé CNTT ta c6 ICT, Database, OS la cac 16p chu dé
con cua Topic. Parameters... 1a cac 16p con cua Documentation. Chu y Topic,
Documentation, Person 1udn 1a 16p gdc cho céac linh vuc cha dé, tai nguyén va dich
vu st dung, (3) Mirc thé hién (Instance): bao gdm cac ddi twong duoc tao véi cac
16p dinh nghia trong muc luge do. Cac ddi tugng thé hién chinh 1a ngudn thong tin
tri thirc dugc chia sé va do cong dong nguoi st dung cdp nhét trong qua trinh st
dung, sé lugng cac thé hién trong ontology thuong 14 rat 16n va khong c6 su han
ché. Cac dir liéu thu thap duogc sau do duogc luu trir trong co s¢ dir ligu dé sir dung

cho cac budc tiép theo.
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EAd Besearch Frotées 2.2.1

Eile Edit Project OWL Code Tools Window Help

[Cl @] [+[E[E] [l (¢ [EEE [ < ] -

(file-¥C-¥DocumentsX¥20and¥20Settings¥ ThanhHuone¥ MyX20Documents¥ Thesis¥Ontolosy¥ Research.pori, owL... [2|[5][E]

<€pro tégé

For Class:

wil) | ® CwlClasses | ™ Properties |  Individuals | = Forms |

owl: Thing (instance of owl:Class) [l Inferred View
Asserted Hierarchy w E & [% % B [ Annotations
owl:Thing = Property Value

‘Lang‘

> rdf:Property
¥ @ wirelessnetwork
v ® GPRS
¥ @ Radio_Resource_maneg

¥ @ GPRSService

= rdfs:comment

<superclasses/>
<subclasses/>

=1 owl versionlinfo, OWLURNItTest:<?xml version="1.0" encoding="UTF-8"?>
<OWLUnitTest enabled="true" satisfiable="true">

» ® GData <comment>Thanh Huong</comment>
</OWLUnitTest> |
» @ GEmail i
> ®CVaoice http:Ilww.owlrontologles.com!GntoIt.:gw1691-97260.‘owl#GData Asserted Conditions
v ® UMTS ontology: http: A owl-ontologies com/Ontology 1163187260 owl
= location: main ontology [Research] NEEERSRRY S LERIGIENT
v | INAT i [ |
gl L I T ’H MECESSARY =
: B 3 RR| & B L] ® |ogic View O Properties View
MName ‘ Prefix | Conditions
L@ Balance SIR =
ex|(® Call_blocking Performance_mesurement [

2 (@ Call_dropping Performance_mesurement

. |® GDBandwidth GDHandover_parameter ||
mﬂf‘l’\l: + Lot [ 1 aDWalacit ot
Al Classes

T AEN

T adapt

<rdf:RDF xmins="http.//www.owl-ontologies.com/Ontology 116919726
xml:base="http://www.owl-ontologies.com/Ontology1169197260.owl"
xmins:p 1="http.//www.owl-ontologies.com/assert.owl#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"

0.owl#"

xmins:owl="http.//www.w3.0rg/2002/07/owl#">
<owl:Ontology rdf:about=""/>

<owl:Class rdf:ID="Balance">
<rdfs:subClassOf rdf.-resource="#SIR"/>
<owl:disjointWith rdf:resource="#Strong"/>
<owl:disjointWith rdf:resource="#Weak"/>
</owl:Class>

<?xml version="1.0" ?>

- <User>
<ID>31566887510</ID>

- <Registration>
<Date>31-02-2018</Date>
<Network>3G</Network>
</Registration>
<Service>Voice</Service>
- <Parameters>
<Bandwidth>1655</B>
<Velocity>16</V>
<RSS>-87</RSS>

</Para>

</User>

119,31-02-2007,3G, Voice,2605,38,-67
570160000004600103016
120,31-02-2007,3G, Voice,2126,6,-22
570170000004600103017
121,31-02-2007,3G, Voice,2759,24,-85
570170000004700104017
122,31-02-2007,3GVoice,876,35,-112
570170000004800105017
123,31-02-2007,3G, Voice, 990,17,-91
570170000004900106017
124,31-02-2007,3G, Voice,97,14,-26
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Phu luc 2: Phén tich, truy xuit suy dién va ra quyét dinh chuyén giao
dich vu dua vao ngir cinh thong tin

Sau khi dir liéu duoc khai béo, thu thap va xay dung CSDL, budc tiép theo
s& phan tich truy xuat va ra quyét dinh theo cac luat két hop va thuat toan logic md
(fuzzy logic) dua trén CSDI ngir canh thong tin di xdy dung. Logic mo mo ta biéu
dién tri thitc ¢6 clu tric dua trén cac khai niém va quan h¢ gitra cac khai niém,
trong d6 quan trong nhit 1a quan hé bao ham, quy trinh cia mé hinh duoc trinh bay

theo cac budc sau:

Budc 1: Xac dinh bo tham s tiéu chudn dé danh gia chat luong dich vu va
phan nhém céc nha cung cip va cac dich vu. Trong nghién clru, cac tiéu chi diung dé

danh gid va phan nhém thanh cac dich vy, voice, data va multimedia

Budc 2: Xac dinh khoang gia tri cho timg tham s va xac dinh thir tu wu tién
(trong sé) clia cac tham sd tiéu chuin danh gia chét lugng dich vy, st dung bién
ngdn ngir dé biéu dién cac gia tri va qua trinh hoc may sé& lip lai va suy dién dé so

sanh cadc muc ngudng to1 vu va dua ra quyét dinh.

Budce 3: Tiéu chuin mo hoa cach biéu thi cia cac su lua chon vdi cac tiéu
chuan chat lugng dich vy, cac tiéu chuin thuong dugc phan chia thanh dam bao
chat lugng va t6i uu nang lugng, theo tidu chi 14 chat lugng dich vu “cang cao cang
t6t”, tuy nhién tiéu hao ning luong “cang thip cang t6t”. Vay dé dam bao tinh
twong hop gitra dinh muac trung binh va d§ quan trong trung binh, dinh muc trung
binh phai duogc tiéu chuén hoa thanh pham vi c6 thé so sanh duogc va dam bao hé sb

chit ché va mie chinh xac twong d6i cia moi quyét dinh.

Vi du mot s6 quy tic thuat toan trong chuyén giao dich vu thong tin

e e O Quyét dinh chuyén giaq (HanAdove'r) giﬁg cé.(f ngtr canh dich vu dua
TT vao thuat toan logic mo
Ei“;‘i Velocity RSS GoW | WoG | GoU | UG | USW | WU
1 HI FA MO NF NF NF NF NF NF
2 HI FA ME WF NF WF NF WF NF
3 HI FA FE FI WF FI WF FI1 WF




&3

4 HI ME MO WF NF WF NF WF NF
5 HI ME ME FI NF FI NF FI1 NF
6 HI ME FE VF WF VF WF VF WF
7 HI SL MO WF NF WF NF WF NF
8 HI SL ME VF NF VF NF VF NF
9 HI SL FE VF WF VF WF VF WF
10 | ME FA MO NF NF NF NF NF NF
11 | ME FA ME WF WF WF WF WF WF
12 | ME FA FE FI FT FI FT FI FT
13 | ME ME MO WF NF WF NF WF NF
14 | ME ME ME FT FT FT FT FT FT
15 | ME ME FE VF FT VF FT VF FT
16 | ME SL MO WF NF WF NF WF NF
17 | ME SL ME VF NF VF NF VF NF
18 | ME SL FE VF FT VF FT VF FT
19 | LO FA MO NF WF NF WF NF WF
NF(non fit): Khong phu hop; FT(fit): Phu hop, WF(weak fit): Phu hgp yéu:
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Phu luc 3: Trich din ngudn coding chay trén nén Java

package com.edu.pippi;
import org.apache.poi.ss.usermodel.*;
import org.apache.poi.xssf.usermodel. XSSFWorkbook;

import java.io.File;
import java.io.FileInputStream;
import java.io.IOException;
import java.util.Iterator;
import java.util.Scanner;
public class ReadConfig {
public static int K1;
public static int K2;
//PpsBased

public static float p;
public static float Prf;
public static float Pbb;
public static float Pps;
public static float Psw;
public static float Pin;
public static float N;
//PswBased

public static float p2;
public static float Prf2;
public static float Pbb2;
public static float Pps2;
public static float Psw2;
public static float Pin2;
public static float N2;
//PsiBased

public static float p3;
public static float Prf3;
public static float Pbb3;
public static float Pps3;
public static float Psw3;



public static float Pin3;
public static float N3;
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public static final String pathFileConfig = "D:\PROGRAMMING\\SourceCode\\draw-

chart\\src\\main\\resources\\data.in";

//public static final String pathFileConfigs = "D:\\PROGRAMMING\\SourceCode\\draw-

chart\\src\\main\\resources\\configs.xlsx";

//public static final String pathFileConfig = "data.in";

public static final String pathFileConfigs = "configs.xlsx";

public static void readConfig(){

File file = new File(pathFileConfig);
try{

Scanner scanner = new Scanner(file);
/lread K1, K2

String readK = scanner.nextLine();
String[] tmp_arr = readK.split(":");
String tmp = tmp_arr[1];

tmp_arr = tmp.split("->");

K1 = Integer.parselnt(tmp_arr[0]);
K2 = Integer.parselnt(tmp_arr[1]);
//read N

String readN = scanner.nextLine();
tmp_arr = readN.split(":");

N = Float.parseFloat(tmp_arr[1]);
//read p

String readP = scanner.nextLine();
tmp_arr = readP.split(":");

p = Float.parseFloat(tmp_arr[1]);
//read Prf

String readPrf = scanner.nextLine();
tmp_arr = readPrf.split(":");

Prf = Float.parseFloat(tmp_arr[1]);
//read Pbb

String readPbb = scanner.nextLine();

tmp_arr = readPbb.split(":");
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Pbb = Float.parseFloat(tmp_arr[1]);
//read Pps

String readPps = scanner.nextLine();
tmp_arr = readPps.split(":");

Pps = Float.parseFloat(tmp_arr[1]);
//read Psw

String readPsw = scanner.nextLine();
tmp_arr = readPsw.split(":");

Psw = Float.parseFloat(tmp_arr[1]);
//read Pin

String readPin = scanner.nextLine();
tmp_arr = readPin.split(":");

Pin = Float.parseFloat(tmp_arr[1]);
scanner.close();

} catch (IOException e) {
e.printStackTrace();

H

H

public static void readConfigs(){

try{

FileInputStream excelFile = new FileInputStream(new File(pathFileConfigs));
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