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Mé Dau

1 Tinh cap thiét cia luan an

Hién nay nhu cau st dung dich vu di déng ngay cang 16n do tinh phd bién va tién
dung ctia cac thiét bi dau cudi di dong. Theo di bao clia Cisco nam 2019, Iuu
luong di dong duce du béo tiép tuc tang déu qua cac nam tit mic 10 exabytes

mot thang trong nam 2017 1én mitc hon 80 exabytes mot thang trong nam 2022,

nhu trong hinh 1 [24].
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Bén canh d6, cac tng dung méi trong ky nguyén ctia Internet of Things - két

46% CAGR
2017-2022

2017 2018 2019 2020 2021 2022
= Smartphones inc. Phablets (88%, 93%) = M2M (1.8%, 2.2%)
= Nonsmartphones (1.3%, 0.3%) = Tablets (4.6%, 2.9%)

= PCs (4.3%, 1.6%)

Hinh 1: Luu lugng stt dung di dong méi thang



no6i van vat (IoT) sé tiép tuc dit ra nhiéu co hoi ciing nhu thach thic cho sy phat
trién ctia nganh di dong. Cac hé théng camera giam séat sé rat pho bién va theo
doi x& hoi moi noi va moi lac. Cac dong vat cing duge giam sat va theo doi stc
khoe tit xa nhu con ngudi. Cac 6 t6 tu lai sé dugc néi mang dé nhan biét moi
truong ciing nhu cic nguy co tiém an theo thoi gian thie. Céc béc si c6 thé ciu
chita cho bénh nhan tir xa qua mang thong tin di dong, khong con phu thudc moi
truong dia 1y. Viéc tuong tac hai chiéu sé doi héi mang thong tin di dong c6 chat
lugng cao hon vé toc do, do tin cay va do tré.

Mang di dong cac thé he dau tién nhu 2G va 3G chtl yéu phuc vu nhu cau thoai
clia ngudi diing v6i cong nghé chuyen mach kénh 1a chti yéu. Chi dén 4G thi toc
do dit lieu cia ngusi dung mdéi duge cai thién va mang 16i da hoan toan sit dung
cong nghé chuyén mach géi, tuy nhién tai nguyén vo tuyén van rat hitu han. Mot
dic diém khéac clia mang vo tuyén la su bién thién theo thoi gian, theo tan sé va
ca khong gian. Vi vay, lap lich duge stt dung nhu mot 16p thich nghi véi sy bién
doi clia moi trudng vo tuyén va cac yéu cau khac nhau vé chat lugng dich vu ciia
mang 16i chuyén mach géi. Tuy nhién, cac ki thuat lap lich cho mang 4G dudgc

gi6i han cht yéu vao cidc nhém sau [57]:

e T6i wu toc do hé thdéng: ki thuat lap lich sé chon ra cac thué bao c6 chat
lugng kénh truyén tét nhat dé phuc vu nham dat duge tdéc do hé théng cao
nhat. Tuy nhién, nhuge diém ciia ki thuat nay la cac thué bao & trang thai

kénh truyén kém sé khong duge phuc vu.

e Binh quan vé téc do: ki thuat lap lich sé phuc vu moi thué bao sao cho
dung lugng stt dung clia moi thué bao sé gan bang nhau nhat. Day 1 k§ thuat
dugc st dung chtt yéu khi trién khai thuc té ctia mang 4G. Tuy nhién, nhuoc
diém cta ki thuat nay la téc do hé théng dat dude sé kém hon nhiéu so véi
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k¥ thuat toi wu toc do he thong.

Mang 5G dem lai sy thay doi rat 16n so véi cac mang trude day ca vé do rong
bang tan st dung va dac biét 1a st dung s6 lugng ang ten ¢d rat 16n phia tram
goc. Dung luong hé thong tang ty 1é thuan véi s6 luong dng ten st dung nén dung
lugng ciia tram goc trong 5G sé tiem can véi 10 Gbps tic 1a gap 10 lan téc do
ctia mang 4G. St dung séng mmWave véi dai tan tir 28 Ghz dén 300 Ghz khién
tai nguyén vo tuyén 16n hon rat nhieu so véi mang 4G. Vi vay, ki thuat lap lich
ap dung cho mang 5G can huéng t6i viec ddm bao chat lugng ngudsi dung hoic t6i
uu ve hieu qud st dung hon 13 don thuan nhim tang téc do hé thong hoac phuc
vu binh quan cho moi thué bao.

Cac hudng nghién citu chinh vé ki thuat 1ap lich trong mang 5G hién nay la:

e Tang dung lugng hé thong nho dic tinh kénh truyén hé théng dng ten cd
rat 16n la 6n dinh theo thdi gian nén c6é thé sit dung thong tin lao hoa kénh
truyen dé uéc luong kenh truyen hién tai ctia thué bao. Nha dé, gidm duge

tai nguyen udc luong kénh truyén ma van cé thé phuc vu them thué bao.

e Do s6 lugng ang ten 1a rat 16n nén c6 theé lua chon cac ang ten c¢6 kénh truyen
t6t nhat dé phuc vu ma khong can tiéu ton cong suat va cac ang ten khong
d trong dicu kieén téi wu cho thué bao. Xuat hien huéng nghién citu cia ki
thuat lap lich vé cac tieu chi dé lua chon tap thué bao va tap ang ten phuc

V.

e Do dung lugng hé thong ctia 5G da dat dude téc do cao nén bat dau quan
tam dén viec bao dam t6c do tdi thiéu cho thué bao. Liic nay bai toan lap lich
khong chi phuc vu thué bao bang moi gia ma con phai danh gia xem toc do

phuc vu ctia thué bao c6 dat duge yéu cau ctia chat lugng dich vu QoS hay



khong.

e Lap lich dam bao do tré t6i thiéu cho thué bao. Day la huéng lap lich dam
bao chat lugng dich v QoS huéng dén cac ting dung doi héi do tré thap trong

mang 5G.

Tuy nhién, do dic tinh vé chat lugng dich vu trong mang 16i dya trén cong
nghé IP phtc tap hon rat nhiéu so véi nhung ki thuat lap lich hién nay trong cac
nghién cttu vé mang 5G nén can cé nhiing cai tién hon nita vé ky thuat lap lich

dé dap tng dude nhu cau clia ngudi ding.
2 Nhing van dé con ton tai

Viéc ap dung thong tin 1do héa kénh truyén dé lam ting dung lugng hé théng cho
mang 5G da gép phan tang manh dung lugng hé thong tuy nhién cac nghién citu
hién nay veé ki thuat lap lich 4p dung thong tin 1do hoéa kénh truyén chua quan
tam dén viec st dung thong tin ldo héa kénh truyen cé thé dan dén tinh trang
toc do dat dudce ctia thué bao 1a khong cao khi st dung thong tin ldo héa kénh
truyen qué cii. Truong hop khéac c¢6 thé xay ra la cac nghién ctu vé ki thuat lap
lich st dung thong tin ldo héa kénh truyén khong chi ra duge s6 thué bao tdi uu
can dude phuc vu 1a bao nhiéu. Dan dén trong nhiéu truong hop sé luong thué bao
duge phuc vu 14 qué 16n dan dén téc do trung binh ciia cac thué bao sé bi gidm
xuong. Vi vay, can tham chiéu cac thong s6 vé chat lugng dich vu ctia phan mang
16i IP dé tac dong lén qua trinh lap lich nhim dam bao dudce chat luong dich vu
cho ngusi dung.

Hién tai, c6 mot sd nghién cttu vé ki thuat 1ap lich dang cha trong vé ddm bao
mot toc do t6i thiéu cho toan bo thué bao va st dung cac thuat toan vét can dé
tim 101 gidi t6i wu. Tuy nhién thuc té 14 cic ing dung chay trén mang thong tin di
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dong c6 nhiéu yeu cau vé téc do toi thieu khac nhau. Viéc st dung cac tinh toan
qué phiic tap sé dan dén do tré xit Iy trong viéc 1ap lich ctia thué bao. Vi vay, can
thiét dé xuat ra k¥ thuat lap lich cho ngusi dung véi nhiéu téc do t6i thiéu khac
nhau va ki thuat dé xuat can don gidn trong tinh todn nham gidm thoi gian tinh
toan, dap tng dudc yéu cau vé do tré clia nguoi dung.

Hon nita, cic thong s6 vé chat luong dich vu trong mang 16i khong chi 14 do tré
ma con ¢ cac thong tin vé do uu tién ctia dich vu. Do wu tién cta dich vu khéc
nhau c6 thé dan dén su khac biet hoan toan vé gia cude dich vu gitta cac nguoi
dung. Vi vay, thong s6 vé do uu tieén ctia dich vu trong mang 16i nén 13 mot tham

s6 danh gia trong qua trinh lap lich.
3 Y nghia khoa hoc va thuc tién

Y nghia khoa hoc ctia ludn an ma luan an huéng t6i la xay dung cac mo hinh toan
hoc v& chuong trinh mé phong dé danh gid anh huéng ctia ki thuat lap lich len
hiéu nang hé théng thong tin di dong 5G. Cac mo hinh toin hoc, chuong trinh
tinh toan va mo phéng sé 1 cong cu cho viéc thiét ké, danh gia hieu qua clia cac
ky thuat lap lich dé xuét. Y nghia thuc tién clia luan 4n ma nghién ctu sinh ky
vong dat dugc thé hién & cac ki thuat lap lich dé xuat c6 thé ap dung dude vao
thuc té dé dam béo toc do t6i thiu cho thué bao, khai thac dic tinh truc giao

ctia kénh truyén vo tuyén va dung lugng ctia hé thong thong tin di dong 5G.
4 Muc tiéu nghién citu

Xuat phat tit nhitng phan tich & trén, luan an tap trung thuc hién cac muc tieu

chinh sau day:

e Dé xuat k¥ thuat 1ap lich va tinh toan 4nh hudéng ctia viéc stt dung thong tin



l40 héa kénh truyen len toc do ciia ting thué bao ciing nhu toan hé théng dé
dam bdo rang cac thué bao dudc phuc vu sé dude cung cap mot toc do toi

thiéu trong khi van cai thien dung lugng hé thong.

e Dé xuat ki thuat lap lich va thuc hién mé hinh hoéa toan hoc dé dam béo cac
thué bao dudc phuc vu sé c6 dude téc do t6i thiéu theo yéu cau va chon ra
dugc tap thué bao téi wu dé dung luong hé théng la cao nhat. Hon nita k§
thuat lap lich sé tinh dén do uu tién cta dit lieu, ddm bio rang khi cac yéu to

khac la nhu nhau thi thué bao c6 do uu tién cao hon sé duge phuc vu trude.

e Dé xuat k¥ thuat lap lich dé khai thac dic tinh ctia kénh truyen truc giao
trong mang 5G. Duya vao dac tinh kénh truyén dé xay dung ngudng gii han
dé tim ra tap thué bao cé dic tinh kénh truyen can tim kiém, tit d6 gidm bét

duge thoi gian tim tap thué bao phuc vu téi wu.
5 Db6i tuong nghién citu

D6i tuong nghién cttu clia luan an 1 ki thuat lap lich st dung tai Next Generation
NodeB - tram goc thé hé tiép theo (gNB) ctia mang thong tin di dong thé he mdi
5G nham muc dich Iya chon tap thué bao phuc vu va phan phdi tai nguyén vo
tuyén cho cac thué bao mot cach téi wu dé dat dung luong toan hé théng 1a cao
nhat. Dé dat dudge muc tiéu dé can nghién citu cac ki thuat chinh ctia hé théng
thong tin di dong 5G nhu u6c lugng kénh truyen va tién ma héa. Dong thoi nghién
cliu cac yéu cau cta thué bao trong mang thong tin di dong 5G dé théa man cac

yéu cau dé khi xay dung cac ki thuat lap lich.



6 Phuong phap nghién ctu

e T két qua khio sat cac nghién cttu lien quan sé chi ra cdc han ché con ton
tai, xac dinh bai todn can nghién ctiu va tién dén dua ra cac dé xuat nham
gidi quyét bai toan dat ra.

e Sit dung céc cong cu toan hoc dé tinh toan hiéu qua cia ki thuat dé xuét.

e Mo phong hoat dong ctia ki thuat dé xuat nham kiém dinh lai tinh ding dén
ctia dé xuat.

7 Pham vi nghién ciu

Cac nghién cttu ctua luan an duge gidi han trong pham vi dudi day:

e Nghién cttu k§ thuat lap lich trong hé thong ang ten nhiéu dau vao va nhiéu

dau ra c6 rat 16n.

e Nghién cttu hé thong st dung tién ma héa Maximum Ratio Transmission -
truyén dan toc do cuc dai (MRT) va Zero Forcing - cudng bitc bang khong

(ZF).

e Thuc hién cac ki thuat dé chon thué bao téi wu vé tdéc do hé théng nhung

phai ddm bao chat luong dich vu cho toan bo thué bao.

e Can thiép vao cong suat thu phét ciia thué bao dé thay déi téc do cia thue

bao theo yéu cau vé téc do tdi thiéu khac nhau.

8 Nhitng déng goép cua luan an

Luan an da dat dugc cac két qua nghién citu va dong gép chinh nhu sau:



e Trong déng goép dau tién, luan an dé xuat mot ky thuat lap lich cé
thé dam bao téc d6 tbi thiéu cho thué bao khi hé théng sit dung
thong tin 1ldo héa kénh truyen
Khéc phuc cac han ché clia cidc nghién ciu trude dé khi dé xuat viec lap lich
st dung thong tin 1ao héa kénh truyén chi nham vao muc dich ting t6i da
dung luong hé thong, luan an dé xuat bén canh muc tiéu tang dung lugng he
thong, can danh gia xem lieu viéc sit dung thong tin 1o héa kénh truyén cé
thé dam bao duge yeu cau vé téc do tdi thiéu cho thué bao hay khong khi st
dung cac thuat toan tien ma hoa MRT va ZF.

Két qua moé phoéng cho thay gidi phap dé xuat co thé dam bao téc do tdi thicu
cho cac thué bao da sit dung thong tin 1do héa kénh, dung lugng hitu ich cia
hé thong hoan toan vugt troi ki thuat lap lich duge dem ra so sanh, dac biét

khi s6 luong thué bao phuc vu & mic rat 16n.

Két qua nghién cttu lien quan duge cong bd trong cong trinh [J1].

e Trong déng gép thi hai, luan an dé xuat mot ki thuat lap lich cung
cap dudc nhiéu téc d6 tdi thiéu khac nhau tuy theo yéu cau cua
nguoi dung
Khéc véi cac nghién citu vé dam bao chat luong QoS chi tap trung vé do tré,
luan an dé xuat bén canh tham s6 vé do tré can quan tam t6i cac tham sb
khéc trong QoS nhu do uu tién va téc do toi thieu cho thué bao, va dic biet
1 cho phép phuc vu nhiéu thué bao cé téc do t6i thiéu khac nhau trong ciing
mot chu ky khung. K¥ thuat lap lich duge dé xuat sé tinh toan cong suat toi
uu cho ting thué bao dé dat dudc tdc do yéu cau va khong anh hudng dén

chat Iugng ctia thué bao khac khi st dung tién ma héa MRT. Thuat toan ciing



da tham chiéu dén mic do uu tien ciia luu luong, tit d6 ddm bdo do uu tien
cho cac luu luong quan trong ciia hé thong.

Két qua mo phoéng cho thay, ki thuat lap lich dé xuat da dap tng dang toc
do t6i wu ma thué bao yéu cau, va c¢é thé phuc vu nhidu mic téc do t6i thieu

khac nhau trong cung mot chu ky khung.

Két qua nghién cttu lien quan duge cong bd trong cong trinh [J2].

e Trong déng gép thit ba, luan an dé xuat moét ky thuat lap lich khai
thac dic tinh truc giao ctia kénh truyéen trong mang mmWave s
dung Analog To Digital Converter - bd bién doi tuong tu sé6 (ADC)
phan giai thap
Cac nghién citu cho thay viéc tiét kiem cong suat bang cdc bo ADC phan giai
thap nén ap dung tai phia thué bao nguoi ding tic la nghién citu ap dung
cho hé thong mmWave theo chiéu xuéng. Luan an tinh toan toc do cia ting
thué bao cling nhu toan hé théng khi st dung tien ma hoéa lai hai giai doan.
K¥ thuat dé xuat da xac dinh dicu kién vé truc giao ctia kénh truyén thué

bao dé tim ra tap thué bao phuc vu ban truc giao ttng déi mot véi nhau.

Két qua mo phoéng cho thay, ki thuat lap lich dé xuat co thée hoat dong tot
trong c& hai mién Signal-To-Noise Ratio - ty 1é tin hi¢u trén nhiéu (SNR)

thap va cao ciing nhu hoat dong tot v6i bo ADC phan giai thap va cao.

Két qué nghién cttu lien quan duge cong bd trong cong trinh [J3].
9 Bb cuc luan an

Trong chuong 1, luan an trinh bay téng quan vé van dé nghién ctu bao gom

mang thong tin di dong thé hé mdéi 5G, hé thong Multi-user MIMO - hé théng



nhiéu dng ten nhiéu nguoi dung (MU-MIMO). Chuong nay ciing trinh bay céc
van dé uéc luong keénh truyén, mo hinh kénh truyén va cac gidi phap tién ma hoa
trong hé thong #ng ten nhiéu #ng ten dau vao va nhiéu dng ten dau ra cd rat
16n (Massive MIMO) vad mmWave Massive MIMO. Cac huéng nghién ctu chinh
ve ki thuat lap lich hién nay va cac han ché clia n6 cling duge trinh bay. T do,
chi ra cac huéng nghién cttu nham cai tién vd khic phuc cac van dé con ton tai
trong cac kj thuat lap lich hién nay.

Trong chuong 2, luan 4n da dé xuat mot ky thuat toan lap lich ddm bao toc
do t6i thieu khi thué bao st dung thong tin lao hoa kénh truyen. Chuong nay da
xay dung mo hinh kénh dé tinh toan &nh hudéng clia viec st dung thong tin ldo
héa kénh truyén lén van dé udc lugng kénh, tien ma héa MRT va ZT tu d6 tinh
ra téc do ctia thué bao khi st dung thong tin 1do héa kénh. Dé dam béo toc do toi
thieu ctia thué bao, k¥ thuat dé xuat théem vao mot bude trong qua trinh lap lich
dé luwra chon cac thué bao phit hgp dé phuc vu bang cach so sanh toc do cé thé dat
duge cua ca thué bao duge ude lugng kénh va ca cac thué bao chi sit dung thong
tin wéc luong kénh. Thyc nghiém ki thuat cho nhiéu téc do tbi thiéu khac nhau
va cac tinh hudng thie té khac nhau nhu khi tang dan s6 thué bao hoic s6 luong
ang ten st dung.

Trong chuong 3, luan an dé xuat ki thuat l1ap lich nhim dam bio nhiéu loai
téc do tbi thiéu cho thuée bao. Giai phap gitip phan bo téi wu cong suat phat theo
diéu kieén kenh truyén va toc do ma thueé bao yéu cau, trong khi vAn huéng dén
muc tiéu tong dung luong hé théng 1a cao nhat. K§ thuat con sit dung thong tin
ve do wu tién cta luu luong dé dam bao rang céc luu luong quan trong hon sé
duge phuc vu trude. Va ky thuat sit dung mot tiéu chi téng hop cac tham s6 nén

sé c6 thoi gian tinh toan it hon nhicu so vdi cac ki thuat vét can nén hoan toan
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kha thi dé ap dung trién khai cho mang thong tin di dong 5G.

Trong chuong 4, luan an dé xuat ky thuat lap lich cho hé thong mmWave sit
dung bo ADC phan giai thap. Giai phap dé xuat gitp gidm thoi gian tim kiém
tap thué bao phuc vu t6i wu trong khi vin huéng dén muc tiéu téong dung lugng
hé théng 1a cao nhat. K¥ thuat sit dung diéu kién ban truc giao vé kénh truyen dé
loai b6 cac thué bao thudc tap tng cit vien ma khong ban truc giao véi tap thué
bao da dugce lua chon.

Cudi ciing 1 phan két luan chung, sé tong két lai nhing dong gép, két qua
nghién cttu dat dugc trong luan an nay cting nhu huéng nghién cttu trong tuong

lai.
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Chuong 1

Tong quan ve k¥ thuat lap lich

Chuong nay trinh bay tong quan vé k¥ thuat uée luong kenh va xit 1y tuyén tinh
ciia hé thong thong tin di dong thé hé méi 5G. Tt d6 xéc dinh cac uwu diém va
thach thitc chung ctia mang 5G, va tiép theo 1a khio sat cac ki thuat lap lich hien
nay. D6 13 nhitng 1y thuyét nén tang cho nhitng dé xuat § cac chuong tiép theo

cua luan an.
1.1 Heé théng thong tin di dong 5G

Trong nhitng nam gan day, luu luong dit lieu trong mang thong tin di dong da
tang dot bién vé6i sy phd bién clia thiét bi di dong ca nhan nhu dién thoai thong
minh, may tinh bang va cac loai thiét bi khong day khac. Luu luong dit lieu di
dong toan cau nam 2018 da ting gap sau lan so véi nam 2014. Dé dap tng dudc
nhu cau nay can xay dung cac cong nghé méi. Thong luong hé thong thong tin di

dong dugc tinh theo cong thiic sau:
T (bits/s/km?®) = D(Cells/km?) x B(Hz) x E(bits/s/Hz/Cell)  (1.1)

Trong d6 T 1& dung lugng hé thong, D 1a mat do té bao, B 1a bang thong he
thong va E 1a hiéu qua st dung phé. Bén canh viéc thu nhé ban kinh ving pht

dé tang mat do té bao thi hai phuong an t6i uu dé ting thong lugng hé théng la
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tang bang thong va tang hiéu qua sit dung pho. Cac hé théng ang ten thu phat
nhiéu dau vao va nhiéu dau ra (MIMO) cho phép truyen nhiéu luong dit liu dong
thoi gitta bén thu va bén phat tit d6 dat dude do 1gi vé ghép kénh khong gian, lam
tang manh hiéu qua st dung pho.

Céc nghien cttu vé ghép kenh khong gian da chuyen tit MIMO truyén thong
sang hé thong MIMO da nguoi dung (MU-MIMO), noi ma Base Station - tram
gdc (BS) ¢6 nhiéu ang ten sé phuc vu nhiéu thué bao chi ¢6 mot ang ten. Dicu
nay rat quan trong trong thyc té vi 1y do kich thudc va pin ctia dién thoai ma viéc
tang s6 ang ten tai tram goc 1a dé dang hon tai thué bao. Cang nhicu ang ten tai
tram goc thi do l¢i vé ghép kénh khong gian cang tang lén, di cling v6i né 1a sy
phiic tap trong tinh toan va dat do trong phan cing.

Marzetta da chiing minh rang khi s6 luong sng ten vo cuing 16n thi chi can st
dung cac phép toan tuyén tinh don gidn nhu két hgp ty 1é cuc dai MRC cho duong
len ciing ¢6 thé dat duge hieu qua gan ti wu nhu trong MIMO truyén thong [43)].
Heé thong nhu vay dude goi 1a Massive MIMO.

Tang bang thong hé théng 1a mot cach dé tang thong luong hé théng. Tuy nhién
hién nay dai phd phit hgp nhat cho lién lac v6 tuyén 6 duéi 6 GHz da st dung gan
hét. Vi vay mang thong tin di dong 5G dang nghién citu sit dung pho tan & bang
song mmWave.

Massive MIMO va mmWave la cac cong nghé hita hen cho mang thong tin 5G.
Tuy nhién, con rat nhiéu thach thic duge dat ra do c¢6 rat nhiéu thué bao ducc
phuc vu dong thoi nhu van dé can nhiéu gitta cac thué bao, thu thap thong tin vé
chat luong kénh va cudi ciing 14 dung luong hé thong phu thude rat nhiéu vao ky
thuat lap lich dé chon ra tap thué bao tdi uu.

Kién tric ctia 16p vo tuyén trong mang 5G ciing c6 sy thay doi 16n nhu hinh vé
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1.1. Remote Radio Head - Khéi vo tuyén tit xa (RRH) trong mang 4G thuong két
no6i véi ang ten ngoai nay duge tich hop trong mot Active Antenna Unit - Don vi
ang ten chi dong (AAU). Baseband Unit - Don vi bang co sé (BBU) von 14 phan
cing theo tiing hang chuyén biét ciing sé dugc tach ra thanh Distributed Unit -
Don vi phan tan (DU) va Central Unit - Don vi tap trung (CU) va c6 thé dugc

4o hoa dit tai cac tai nguyén tinh toan ctia mang.

@‘)
5G AAU

DU «—| CU || Loi5G

0
A 4

Hinh 1.1: Cac thanh phan mang vo tuyén 5G.

1.2 Yéu cau ky thuat ctia hé théng théng tin di dong 5G
Thang 9 nam 2015, ITU da dinh nghia cic yéu cau k§ thuat co ban cho mang 5G
nhu sau [31]:

e T6c do dit lieu dinh: téc do co thé dat mitc 10 Gbps so vdi 1 Gbps clia mang

4G.

e T6c do dit lieu nguoi dung thyc té: trong khu viyc do thi va ngoai 6, nguoi

diing c6 thé trai nghiem téc do 100 Mbps so véi 10 Mbps clia mang 4G.
e Hicu qua pho tan dudc tang gap 3 lan so véi mang 4G.

e Tinh di dong: mang 5G cho phép ngudi dimng di chuyén véi téc do 500 km /gics
ma van dat dude yéu cau chat luong dich vu QoS & mitc chap nhan dudc trong

khi 6 4G 1a 350 km/gio.
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e Do tré: gidm tit 10 ms ctia mang 4G xudng con 1 ms ¢ 5G dé cung cap dudc

cac dich vu yéu cau do tré thap nhu 1ai 6 to tu dong.

e Mat do két néi: mang 5G ky vong sé c6 mat do két néi gap 10 lan mang 4G

dé phuc vu cho két néi giita cac thiét bi véi nhau.

e Hiéu qua st dung nang lugng: do tiéu thu nang lugng sé khong cao hon mang
4G nhung c6 hiéu qua cao hon, ky vong sé gap 100 lan hiéu qua st dung nang

lugng ciia mang 4G.

e Dung lugng dit lieu: mang 5G ki vong sé c6 dung lugng 10 Mbps/m?, tic 1a

cao hon mang 4G 100 lan.

Tuy ting hoan canh cu thé ctia ngudi ding ma méi yéu cau cu thé sé duge danh
gia. Vi du khi ngusi dung it di chuyén, ngodi trong cac toa nha thi tdc do dit lieu
ngudi diing thuc té la quan trong, con khi ngusi ding di chuyén téc do cao nhu

tau cao toc thi tinh di dong clia ngusi ding can duge ddm bao.

1.3 Hé théng thong tin di dong nhiéu ang ten da ngudi dung
MU-MIMO

O day xem xét mot hé théng nhidu dng ten da ngudi ding bao gdm mot tram goc
va K thué bao, moi thué bao chi ¢6 mot dng ten nhu trén hinh vé 1.2 [29]. Tram
goc ¢c6 M ang ten, véi M > K. Tat ca thué bao stt dung chung tai nguyén tan s6
va thoi gian. He thong hoat dong theo ché do Time Division Duplex - ghép kénh
phan chia theo thoi gian (TDD). Ki hiéu 7' 14 do dai mot khung, trong mdi khung
thi 7, tin hieu dau tien duge st dung cho viéc ude luong kenh, va (7' — 7,) tin hieu
con lai sé st dung cho viéc truyen tin hiéu theo chicu xudng.

Ky hieu h;[n] 1a véc to kenh truyén ¢ M x 1 ciia thue bao k, day 1a mot cot
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clia ma tran kenh truyen H[n] ¢6 cong thic nhu sau [29]:

hy[n] = g[n] /By (12)

h BS: M Sngten
h Thué bao 4

Thué& bao K

Hinh 1.2: M6 hinh hé théng thong tin nhiéu dng ten da ngusi dung

1.3.1 Udc luong kénh truyén theo chiéu lén

Trong mot hé thong TDD, truyen dan tin hieéu duong len va duong xudng dung
chung kénh vo tuyén chi khac nhau & khe thoi gian véi gid thuyét 1a cac kenh
duong len va duong xudng c6 tinh déi xiing, gidng nhau vé bién do va nguge nhau
vé pha. Dé thuc hién viéc uée lugng kenh, méi thué bao sé truyén mot chudi tin
hiéu hoa tieu c¢6 do dai 7,. Chuoi tin hiéu hoa tiéu ctia thué bao k duge ky hiéu la
x;, € C*!. Cac phan tit clia chudi ¢6 do 16n bing 1, tic la ||x,||° = x7x), = 7,.
Cong suat phat duong lén ctia thue bao k 13 py.

Tin higu thu duge tai BTS j 1a [29]

K
y =Y vohx +n, (1.3)
k=1
trong d6, nhidu tai tram 1a n ~ CN (0, 0?) véi n € CM*1,
He théng c6 thé dat dudge dung lugng chiéu lén theo cong thic 1.4 bing cach
stt dung ky thuat triét nhiéu, tin hiéu cua ting thué bao duge gidi ma va duge trie
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di khéi tong trude khi giai ma tin hiéu thue bao tiép theo nhu sau [29]:
C, = log,det(Ix + pH"H). (1.4)
1.3.2 Truyén d liéu chiéu xudng

Ky hieu x € CM*! 1a véc to tin hieu cho K thué bao, va E {||z|]*} = 1.

Véc to tin hiéu nhan dude ctia K thué bao dugce viét lai thanh
Y =H"x+N. (1.5)
Tdc do ctia toan he thong 1a [29]
C; = argmax log, det(I,; + pH*D ,H"). (1.6)

Téc do nay co thé dat duge nhd st dung Dirty Paper Coding - ma hoéa thuat
toan gidy ban (DPC) [29)].

1.3.3 Xit ly tuyén tinh

Dé dat dugc hiéu qua t6i wu thi xét viéc truyen tin hiéu theo chiéu xudng, thue
bao nhan dugc tin hiéu phai tim kiém két qua trong tat ca cac kha nang co thé
ma véc to x da truyen di. Do phiic tap ciia phép toan nay ti lé véi s6 ang ten M,
gay kho khin cho viéc gidi ma tin hieu nhu minh hoa tai hinh 1.3 [29]. Tram gbc
c6 thé sit dung k§ thuat xtt 1y tuyén tinh (tién ma héa trong chiéu xudng) dé giam
do phtic tap. Két qua khong dat duge hiéu nang t6i vu tuy nhién khi s6 adng ten

tang lén vo cung 16n thi két qua dat duodc sé tiem can véi két qua toi vu.
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Hinh 1.3: M6 hinh xit 1y tuyén tinh tai tram gbc

Tién ma héa tuyén tinh trong chiéu xudng

Ky hieu v € CE*! 14 véc to tin hieu cho K thué bao véi cong suat khac nhau
cho titng thué bao. Tin hi¢u ctia thue bao k 1a vy = \/pr X @ , va E {||z||*} = 1.

Theo ky thuat tién ma hoéa chiéu xuéng, tin hi¢u truyen tit M ang ten (q) dugc
tién ma hoa bdi mot ma tran W € CM*E duge tinh toan tit gia tri kenh truyén
H udc lugng nhu sau:

q=Wv. (1.7)

Cong suat duge phan bé cho K thué bao véi didu kien tong cong suit bi gisi han

K
S |wi|° pr. < P. Véc to tin hiéu nhan duge ctia K thué bao dugc viét lai thanh
k=1

Y =H"Wv 4+ N. (1.8)
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Tin hiéu nhan duge tai thué bao £ 1a [29]:

yir = hfWv + n,

K
= hgwkvk + > thznz + 1y (1.9)
=114k ’
K
= h{wi\/Drey + Z# hsz\/Exz + Ny
I=1,1%k

trong d6 hy, 1a véc to keénh truyén ciia thué bao k, va wy, 1a cot thit £ ma tran W.

Ty lé tin hiéu treén nhiéu SINR ctia thué bao k duge viét 1a [29]

T = LAV (1.10)
— . .
llzl:;ék }hsz\/mz + o2

Téc do c6 thé dat duce ctia thué bao k 1a
R, = log,(1 4+ 7). (1.11)

T6c do clia toan hé thong 1a

K
Roum = > loga(1+ 7). (1.12)

=1

1.4 Heé théng thong tin nhiéu Ang ten cé rat 16n Massive MIMO

He théng thong tin nhiéu ang ten cd rat 16n 1a mot dang cia MU-MIMO trong d6

sO ang ten clia tram gdc va so6 thué bao phuc vu déu rat 16n. Thong thuong, hang

tram ang ten sé phuc vu vai chuc thué bao. Mot s6 dic diém ctia hé théng thong
tin nhiéu dng ten cd rat lén:

e Hoat dong trong ché do TDD: tram gbéc can thong tin vé Channel State

Information - thong tin trang thai kénh truyén (CSI) dé thuc hién viec tién

ma hoa tin hiéu trude khi truyén cho thué bao. Néu hoat dong theo ché do

FDD mot tram goc c6 M ang ten sé phai truyen M chudi tin hiéu tryc giao
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cho cac thué bao ciia minh. Con néu hoat dong theo ché do TDD thi do dai
chudi tin hiéu hoa tieu ti lé v6i s6 thué bao phuc vu K. Vi vay, hoat dong

theo ché do TDD thuong dude Iua chon hon trong cac nghién ctiu gan day.

e X1t Iy tuyén tinh: do s6 lugng ang ten va thué bao déu rat 16n nén cac phép
toan déu thyc hién véi ma tran va véc to co kich thude 16n can cac ki thuat
xtt Iy don gidn. Vi vay xi 1y tuyén tinh vi du nhu tién ma héa theo chiéu

xuong thuong duge st dung.

e Heé thong thong tin nhicu &ng ten ¢d rat 16n nhung kich thude vat 1y ctia ang
ten khong phai qua 1én, 6 tan s6 2,6 GHz thi khoang cach t6i thiéu giita hai

ang ten la nita budce séong ¢6 6 cm. Kich thuée ang ten ¢6 28 cm x 29 cm.
1.4.1 Uu diém ctia hé théng thong tin nhiéu dng ten cd rat 16n

Nhu cau vé thong lugng ciing nhu mat do thué bao ngay cang cao trong lién lac
khong day. He thong thong tin nhiéu ang ten cd rat 16n c¢6 kha nang dap tng dugc
yéu cau ndy. Xét thong luong hé thong theo chiéu len ¢ dieu kien kénh truyén to6i

uu, ta ¢ cong thic (1.4) tré thanh [29]:
C = log, det(Ix + pM1y) = Klog, det(1 + pM), (1.13)

trong d6, K 1a do lgi vé ghép kenh, M 1a do loi mang ang ten, ta thay thong luong
hé théng c6 thé tang len vo cing khi K va M tang lén vo ciing ma khéng can
thay doi vé cong suat. Va trong hé théng thong tin nhi¢u ang ten c& rat lén thi
dung luong hé thong sé dat gan t6i wu khi 4p dung xi 1y tuyén tinh va K va M

tang lén vo cung.
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1.4.2 Thach thic ctia hé théng thong tin nhiéu Ang ten c& rat 16n

Bén canh cac uu diém ciia hé théng thong tin nhiéu ang ten cd rat 16n thi cling

ton tai rat nhiéu thach thic:

e Can nhiéu trén kénh hoa tiéu
Do su gi6i han ciia tai nguyen thoi gian va tan s6 ma cé nhicu té bao dung
chung tan s6 va thoi gian. Va ciing khong thé tao ra tin hiéu hoa tiéu truc
giao cho tat ci cac thue bao trong tat ca té bao, ma cac tin hieu hoa tiéu tric
giao ciing phai dugce st dung lai gitta cac té bao. Vi vay viéc udc luong kénh
truyen ciia mot té bao c¢6 thé bi can nhidu béi cac tin hieu hoa tiéu clia cac
thué bao khac clia cac té bao khac. Hién tuong nay duge goi 1a can nhiéu tin
hiéu hoa tiéu, gay suy gidm hiéu nang hé théng. Hién tugng can nhiéu kénh

hoa tiéu khong bi triet tieu ké ca khi s6 luong ang ten tién dén vo ciing.

e Diéu kién kénh truyen khéng 1y tudng
Mot vi du vé diéu kien khong 1y tudng ctia kénh truyén 1a khi s6 lugng tin
hiéu tan xa nhd hon s6 thué bao thi kénh truyen tir cac thué bao khac nhau
sé c6 chung mot s6 dac diém vé tan xa, khong doc lap hoan toan so véi nhau.
Day khong phai 1a dieu kién t6i uu ctia kénh truyen trong hé thong thong tin
nhiéu ang ten cd rat 16n. Dé giai quyét van dé nay thi ang ten clia tram gbc
can dude phan tan trong mot khu vuce dien tich 16n.

e T6i wu viéc uéc luong kénh
Do tram goc trong mang thong tin di dong 5G c6 s6 luong ang ten rat 16n va
c6 thé phuc vu hang chuc thué bao dong thdi nén do dai chudi tin hiéu hoa
tieu va tin hiéu phan hoi tit BTS vé thué bao ciing rat 16n. Can c6 cac ky
thuat uéc lugng kenh méi dé t6i wu viec uée luong kénh truyen.
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1.5 Heé théng théng tin nhiéu aAng ten cé rat 16n mmWave Massive
MIMO

Phan 16n céc hé thong lien lac hién nay hoat dong dudi tan sé6 6 GHz. Tuy nhién
yéu cau ve dung luong da khién cho dai tan sd ¢ bude séng c¢d mm tic 1a tu
30-300 GHz dang dudc tich cyc nghién citu. Cac do luong & tan s6 28 va 38 GHz

da cho céac két qua rat tich cuc nhu sau:

e Hieén tugng truyen séng bang phuong phap phan xa c6 thé thuc hien duce

nhung mo hinh suy hao duong truyén bi thay doi.
e O cy Iy dudi 1km thi suy hao do mua la nho.
e Phu hop véi truyen thong ciy ly ngan.

e Do budc séng ngan nén sb luong ang ten cd rat 16n trien khai dude tai tram

gdc va nguoi dung.

Thuc té 14 cong nghe buée séng cd mm da dude trien khai trong mang 802.11ad
va mic dit cong nghé bude séng ¢d mm rat phit hop cho truyén diém téi diém
trong khong gian tu do, buéc séng ¢ mm ciing c6 nhiing diém han ché khi ding

dé phu séng té bao nhu sau:
e C6 do suy hao duong truyen 16n.
e Suy hao khi tham nhap vat can I6n.
e (6 hién tuong fa-dinh do troi mua.

Kién tric mang trong hinh 1.4 st dung ca tan s6 vi ba va bude séng mm, va do
ddc tinh vé tan s6 ma séng vi ba sé duge st dung & cu ly xa con séng ¢d mm sé

duge dung trong ciac pham vi ngan [55].

22



-l Microwave
<l mmWave

Al

g % Virtual cell
o / /pliml
? it fiber
ety
RH |
&
Hinh 1.4: Kién trtc ctia mang 5G duya trén buée séng ¢d mm

1.5.1 Cac thach thic cta budc s6ng ¢ mmWave Massive MIMO

Bén canh cac uu diém ctia bude séng ¢ mm khién né téi wu trong cac tng dung
picocell va femtocell, van con cac rao can khi chuyén tit cong nghé vi ba sang budc

song ¢6 mm [55] :

e Ddi véi séng vi ba thi nhiéu chti yéu do cidc nguon & gan va tong cac nguon
nhiéu goi 13 nhiéu nén. Véi bude song ¢d mm thi Anh hudng ctia nhiéu con do

bd tri mau ang ten, khong phu thuoc nhiéu vao khodng cach.

e T¥ l¢ tin hiéu trén nhidu SINR ciia song vi ba thay déi cham tit trung tam
viing phii ra dén viing bién, con 6 séng ¢d mm thi SINR thing giang manh phu
thudc vao ¢6 nhan duge bap séng hay khong hodc ¢6 bi vat can hay khong.

e Do phiic tap ctia xit 1 v6i bude séng viba thi s6 #ing ten thay doi tit 1-8 ang
ten con v6i bude séng ¢d mm thi dao dong tir 8-256 adng ten vi vay uée lugng

kénh truyen 1a thach thic rat 16n.

e Chuyén giao tai séng vi ba thusng dudc thuc hién tai bién giéi viing pht theo
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cong suat tin hiéu con véi buée song mm thi viéc chuyéen giao it lién quan déen

ving phtt ma xay ra khi c6 vat chan, hoac mat do két noi.

e Van dé stic khée can dude nghién cttu v6i bude séng ¢d mm. Cac nghién ciiu
cho thay c6 hién tuong néng lén ciia mat va da khi hap thu séng ¢ mm. Tuy
nhién hién nay cac quy dinh gi6éi han tan s6 tréen 100GHz ciing chua duge de

xuat.
1.5.2 Mang ang ten cho mmWave Massive MIMO

Hinh 1.5 biéu dién kién trac lai giita sé va tuong tu cho mang #ng ten c& séng
mm. Trong d6 mang ang ten c6 nhicu mang tuong tu con, md mdi mang con bao
gom mot bo RF va N #ng ten [55]. M6i mang con nay dugc ndi dén mot bo xit
Iy tin hi¢u bang co s6 thong qua bo chuyén déi ADC/DAC. Tin hi¢u trong méi
mang con cé thé thay doi cd vé bien do va pha tuy nhién dé cho don gian nhat thi
chi c¢6 pha tin hieu duge thay doi. Vi du véi 3 bit luong ti héa thi pha cé thé c6

8 miic trong pham vi [—, 7][55] .
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Hinh 1.5: Kién tric clia mang ang ten lai buéc séng ¢ mm

1.5.3 Kién tric bo RF

Cach don gian nhat dé tao bup séng tuong tu 1a thong qua mot mang pha, ma
trong dé do tré pha ctia tin hieu méi ang ten duge dicu khién hoan toan. Cu thé
hon 1a véi cac hée thong tin hieu bang hep dai tan dudi 40 GHz thi trién khai céc
bo tré déng vai tro 1a cac bo dich pha & tan s6 trung tam la mot giai phap cé thé
stt dung. Véi cac tan sd cao hon thi hien nay chua cé giai phap cu thé do 16i 16n
§ tan s6 cao. Hinh 1.6 minh hoa mot s6 kién tric cia bo RF. Trong d6 khoi ¢ va
a 13 cac khdi dich pha va suy hao bién do. Khéi bao quanh béi nét dit 1a khoi ¢
thé ding chung trong mang con. Cac Bandpass Filter - bo loc thong dai (BPF) c6
the dugc stt dung dé giéi han bang tan IF sau khi bién doi tan s6. Hinh 1.6 A biéu
dién cau tric don gidn nhat véi chi c6 ang ten va bo dich pha la cac thanh phan
doc lap, con cac thanh phan con lai déu dung chung v6i cac phan tit khac trong
méang con. Hinh 1.6 B cai thién hon v6i mot Low Noise Amplifier - bo khuéch dai

nhiéu thap (LNA) dugce danh rieng cho mdi ang ten gitp cai thien do nhay tin
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hieu thu duge. Hinh 1.6 C va D thi c¢6 ¥ nghia thuc té hon ca véi viéc trién khai

bd dich pha tai bd phan IF va LO [55] .

i
From another

(C) similar branch

From another

similar branch n

(D)

Hinh 1.6: Kién tric ca bo RF

1.5.4 Uéc luong kénh truyén trong hé théng mmWave Massive MIMO

Giai phap tién ma héa (con goi 1a tao bip séng) truyen thong st dung ki thuat
tuong tu trong budc séng ¢d mm dude thiyc hién bang mot mang tuong tu vi du
nhu 14 mang dich pha véi mot s6 lugng nhé cac bo Radio Frequency - tan s6 vo
tuyén dién (RF) c6 ciing bién do. Cach nay don gidn dé trién khai nhung hiéu qua
thu duge kha thap. Ngudce lai, néu chi stt dung tién ma héa kj thuat so6 ¢ bang co
sé nhu st dung ma héa DPC thi c6 thé diéu khién dude ca bién do va pha, tit dé
dat dugc hieu qua t6i vu. Tuy nhién néu st dung tien ma hoa ki thuat s6 lai doi
héi mdi ang ten c6 mot bo RF rieng. Do s6 luong ang ten 16n nén dan dén chi phi

phan ciing va cong suat tiéu thu dién sé rat 16n. Vi vay, tién ma hoa sit dung ca ki
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thuat tuong tu va s6 dude nghién ctu va dé xuat. Trong d6, mot luong nhd tien
ma héa ki thuat s6 (chi doi hoi mot it bo RF) duge st dung dé triét tieu xuyén
nhiéu. Sau d6 mot mang tuong tu dich pha ¢ 16n (khong doi hoi cac bo RF) duge

stt dung dé tang do lgi clia ang ten.
1.5.5 M5 hinh kénh truyén

Cac thuc nghiém mo ta kenh truyén mmWave Massive MIMO thé hién mot su
thua thét trong ca mién khong gian va géc. Day 1a do su ton hao 16n ctia cac
kénh Non-Line-of-Sight - truyén séng khong trong tam nhin thing (N-LOS), nén
sé chi con mot s6 it cdc dudng (thudng tit 3 dén 5 duong) thé hién sy da dudng
clia mmWave Massive MIMO. O day ta xem xét ang ten la Uniform Linear Array

- mang tuyén tinh dong nhat (ULA), kénh truyén diém t6i diem sé duge biéu dién

[ My My &

H = 2 R ZO{[CLR(QZ)Gg(QbZ) (114)
=1

— ,/MTLMRARHaAg, (1.15)

nhu sau [7]:

Ar = [ar(0y),ar(0s),...,ar(01),], (1.16)
AT — [aT(¢1)7 GT(¢2); -'-7aT(¢L)7]7 (1'17)
H = diag{ay, ay, ..., ar}, (1.18)

trong d6, Ny va Np 1a s6 luong ang ten phat va thu, L 1a s6 luong da duong, oy

13 do lgi cua duong thi [, 6, va ¢; 1a gbc phuong vi cia goc t6i va géc phan xa.
1.5.6 Cac giai phap tién ma héa
e Tién ma héa ki thuat sb
O day, xem xét he théng budc séng ¢d mm véi mot thue bao sit dung tién
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ma hoa ki thuat s6 nhu hinh 1.7 [55]. Trong d6 tram gbc véi My dng ten,
truyen dong thoi My luong dit lieu dong thaoi t6i My ang ten ciia thué bao,
véi My > My

) A

RF chain RF chain

9

. RF chain Kénh truyen RF chain
Tieén ma Xir ly tin
hoéa ky hiéu bang
thuat so % : co S0

RF chain RF chain

":;“‘

i

— o

Hinh 1.7: C4u tric tién ma hoéa ki thuat s6 cho mot thué bao clia hé théng mmWave

Tin hiéu nhan dugce tai thué bao [55]:

Y = /pHDs +n, (1.19)
trong d6, H € CM~*Mr 3 ma tran kénh truyen, D € CM7>Mr 13 ma tran tién
ma hoa.

e Tao bup song ki thuat tuong tu

o) day ca phia phat va phia thu chi st dung moét bo RF, muc tiéu cia hé
thong 1a thiét ké cac véc to ma hoa sao cho ty 16 SNR 14 cao nhat, nhu trén

hinh 1.8 [55]

(W' £ = argmaXHWHHfH2. (1.20)



RF chain RF chain

Lot
Y

Base station User

Hinh 1.8: CAu triic tao bip séng tuong tiy

e Tao biip séng lai gitta tuong tu va s
O day, he théng bude séng ¢ mm véi mot thue bao sit dung tién héa bao
gom ca ki thuat tuong ty va ki thuat s6 nhu trén hinh 1.9 [55]. Trong d6 tram
gbe véi My ang ten va c6 MEF bo RF, truyén Mg luong dit lieu dong thoi t6i

Mpy, ang ten ctia thué bao, véi My > MEF > Mp. Tin higu truyen di 1a [55]
X = ADs. (1.21)

Tin hiéu thu duge tai thué bao duge bidu bién béi
Y = /pHADs + n. (1.22)

O day gia thiét viec ude luong kenh truyén 1a hoan hao.
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Hinh 1.9: Ciu triic tao bip séng lai cho hé théng mot thué bao

1.6 Ky thuat lap lich
1.6.1 CaAu tric khung ctia mang v6 tuyén
Mot chu ky khung ctia mang New Radio - Mang vo tuyén thé he mdéi (NR) kéo

dai 10ms, chia lam 10 khung con nhu hinh 1.10. Khoang cach giita cac song mang

ctia mang 5G thay doi tit 15kHz, 30 kHz,... dén 480 kHz.

1 Radio frame = 10 subframes=10ms

4 »
4 »

Subframe
1 subframe = 8 slots
-+ L
slot ———
1 slot = 14 OFDM symbols :
4 >

Hinh 1.10: Cau triic khung clia mang vo tuyén NR

Tuy vao khoang céch séng mang ma mot khung con c6 thé c6 mot hodic nhidu
slot nhu hinh 1.11. Mai slot bao gom 14 tin hiéu Orthogonal Frequency Division

Multiplexing - ghép kénh phan chia theo tan s6 tryc giao (OFDM).
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Hinh 1.11: Ciu triic khung con mang vo tuyén NR
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1.6.2 Ky thuat lap lich § mang vo tuyén

Xét mang thong tin di dong 5G gom mot tram géc gNB va cic thué bao trong
ving phti ctia né. Trong moi khung thoi gian ma chat luong kénh hau nhu khong
doi, gNB sé chon ra mot tap con thué bao dé gii tin hiéu hoa tiéu, va sau dé tiy
theo thong tin vé CSI, mot tap con thué bao sé dugec gNB phuc vi. Toan bo qua
trinh nay dugce goi 1a 1ap lich. C6 rat nhieu k§ thuat dude xay dung duya trén cac
tieu chi khac nhau nhu do tré , sy cong bang gitta cac thué bao, hosic toéi uu toc
do toan hé thong... Cac ki thuat véi muc tieu khac nhau dan dén sy khic nhau
dang ké vé hieu sudt ctia hé thong va khac biet vé chat luong dich vu ctia thue
bao. Vi vay, van dé lap lich luon 14 mot van dé quan trong thu hat dude nhicu sy

quan tam va nghién citu 6 ca trong va ngoai nudc.
1.6.3 Thach thic
Cac thach thic ctia qua trinh lap lich tai gNB:

e S6 luong thué bao rat 16n

Trong hé thong TDD Massive MIMO, thi dung luong kénh phu thuoc vao do
chinh x4c vé thong tin trang thai kénh truyén. Diéu nay yéu cau do dai chudi

31



hoa tiéu bang véi s6 lugng thué bao. Vi vay, néu tiang s6 lugng thué bao phuc
v sé lam tang thoi gian u6c luong kénh va lam gidm thoi gian truyen dit lieu
titc 1a gidm dung luong hé théng. Nhu vay viec uée luong kénh cho s6 lugng

nhiéu thué bao trong Massive MIMO 1a mot thach thitc can phai dit ra.

Pam bao chat luong dich vu QoS

Cac thué bao clia mang 5G sé c6 cac yéu cau ve QoS khac nhau va ki thuat
lap lich can phai dap tng tdi da cac yéu cau ciia ting thué bao. Cac yéu cau
nay tham chi xung dot véi muc tiéu t6i da dung lugng hé thong ma ki thuat
lap lich can phai huéng t6i. Vi duy, viec phuc vu cac thué bao mong muén do
tré thap nhung c6 do loi kénh truyén thap sé phai tra gia bang dung lugng he
thong bi giam di. Vi vay ki thuat lap lich duge lua chon trién khai trén thuec
té can phai dap dng nhiéu yéu cau khac nhau vé QoS, va dung hoa tét nhat
cac sit xung dot vé loi ich néu co.

Do phic tap cta ky thuat lap lich

Cudi cung 1a do s6 lugng ang ten rat 16n nén bai toan toi wu thuong cé do
phtic tap cao can c6 cac thuat toan toi wu gidm thieu do phic tap, tit do tré
nén kha thi khi ap dung vao thuc té trién khai.

Twuong thich véi ky thuat tién ma héa

K¥ thuat lap lich can phai phit hop v6i ki thuat tien ma hoéa. Khi hé thong
stt dung k¥ thuat tien ma héa MRT thi nén chon cac thué bao c¢6 do 1oi kénh
truyen cao nhat. Nguoc lai khi hé thong st dung tiéen ma héa ZF thi can lya
chon tap thué bao truc giao dé it can nhiéu lan nhau. Tl d6 he thong sé dat

duge dung luong t6i tu nhat.
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1.6.4 Mot s6 ky thuat lap lich

e Ky thuat Proportional Fair - cong bang gitta cac thué bao (PF)
K¥ thuat lap lich nay huéng t6i muc tiéu dadm bao tdc do st dung dich vu ctia
cac thuée bao 1a gan bang nhau. Thuat toan duya trén mot dai luong do M, va

luon chon cac thué bao cé gia tri M cao nhat 3.

B R;(t)
M = argmax Ri() (1.23)

trong do, R;(t) 1a téc do c6 thé dat duge hién thoi ciia thué bao con R;(t) la

téc do dit lieu trung binh da st dung cho dén thoi dieém t.
Muc tieu ctia k¥ thuat nay 1a tim ra thué da duge phuc vu it nhat va c¢6 toc do
c6 thé dat dugce hien thoi cao nhat. Han ché ctia ki thuat nay la dung luong
tong he théng dat duge kha thap so véi cac ki thuat lap lich khac.

e K§ thuat Maximum Rate - t6i da té6c do (MR)
Muc tiéu cta k¥ thuat nay 1a ting toc do ctia ca hé thong bang cach phét

cong suat py(m, f) 16n cho céc thué bao c¢6 chat lugng kénh truyén cao [57],

[59]:
5~ Tt
pu(m, f) = { if|He(m, )| > 31 Hi(m, f)]1? (1.24)

0 cho cac truong hgp khac,

\

trong d6 [z]T = max(0, z), Hi(m, f) 1a chat lugng kénh ctia thue bao k tai

RB m cia chu ky khung f va A 1a he s6 ddm bdo sy gidi han vé cong suat

K
> p <P (1.25)
k=1

Han ché ctia ki thuat lap lich nay kho ap dung trong cac hé thong ang ten
¢ réat 16n do méat nhiéu thoi gian tim ra thué bao c¢6 dung luong cao nhat dé
phuc vu.
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e Ky thuat lap lich dam bao Quality of Service - chat lugng dich
vu (QoS)
Trong nghién cttu [8] cac tac gid quan tam dén viéc ddm bao do tré t6i thiéu

cho céac thué bao st dung dich vu nhay cdm véi tré nhu dich vu thoai.

Puln,s] = (14 f(wy)) Rl (1.26)

[re[nl)*?

1
1+e_ak(wk_D) )

trong do, f(wy,) =
o 1a tham s6 dé diéu chinh do cong bing,

wy, the hien do tré clia thué bao k,

Tham s6 a;, dieu chinh suon doc ctia ham sigmoid,
Tham s6 ¢ xac dinh can trén cua do tré.

Han ché cia k§ thuat nay 1a chua quan tam dén cac tham s6 khac va tham
chi 1a quan trong hon ctia QoS nhu do wu tién, hay téc do t6i thiéu ciia thue

bao.

e K¥ thuat lap lich st dung théng tin 1o héa kénh truyén
Tac gid trong bai bao [40] da dé xuat mot ky thuat lap lich sit dung thong
tin 1lao héa kenh truyén dé tiang do lgi vé ghép kénh khong gian bing cach
phuc vu thém nhiéu thué bao ma khong can tiéu ton tai nguyén dé uée luong
kénh. Kénh truyén thué bao tai chu ky khung hién tai c6 thé duge ude lugng

tlr trang thai cia chu ky khung truéc do:
hy.[n] = axhy[n — 1] + ex[n], (1.27)

trong do ay, 14 he s6 tuong quan tam thoi ctia thue bao k, hy[n — 1] 1a véc to
hé s6 kénh truyén ctia chu ky khung trude d6 ciia thue bao k, va e[n] 1a he
s6 kenh truyen khong tuong quan.
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Hinh 1.12 so sanh hiéu qua st dung pho khi st dung cac ngudng vé do lao hoa
kénh truyeén khac nhau véi ky thuat lap lich truyén théng 13 Round Robin
[40]. Két qua mo phéng cho thay k§ thuat 1ap lich sit dung thong tin lao hoa
kénh truyen c6 hiéu qua sit dung pho cao hon ki thuat lap lich Round Robin
trong ca hai phuong phap tién ma héa MRT va ZF. Diém chi y 1a hiéu qua
st dung ciia ki thuat dé xuat sé kém hon ki thuat truyén thong khi s6 hugng
ang ten st dung thap. Khi d6 sai s6 do su sai léch ciia thong tin udc lugng

kénh dan dén hiéu qua st dung ciia k§ thuat dé xuat thap.
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Hinh 1.12: So sanh hiéu qué sit dung phd

Han ché ctia ki thuat lap lich nay chua xac dinh dudc sé luong thué bao toi
uu khi 1ap lich nén sé kh6 ddm béo chat luong dich vu cho thué bao.

e Ky thuat lap lich phan nhém ang ten [37]
Tai bai bdo nay tac gid nghién citu hé théng FDD Massive MIMO véi dac
tinh thoi gian u6c lugng kénh bang s6 lugng ang ten tai tram gdc. He thong
FDD Massive MIMO c¢6 mot s6 uu viet hon hé thong TDD nhu: do tré nho,
uéc lugng kéenh lien tuc va c6 thé thich hop véi cac hé théng trude day. Do s6

luong ang ten trong hé thong Massive MIMO 1a rat 16n, can thiét phai gidm
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do dai ctia chudi tin hiéu hoa tiéu. Va mot rang budc nita ctia bai bao 14 he
thong st dung hoi dap gidi han (limited-feedback) titc 14 thong tin vé trang
thai kenh truyen sé duge luong héa bang mot tit ma trude khi truyen vé tram
goc.

Nhém nghién citu da dé xuat mdi thué bao sé dugc phuc vu bdi mot nhém
cac ang ten. Nhu vay bén canh thong tin truyeén ve 1a chi s6 clia tit ma thi can
truyen thém chi s6 cia nhém ang ten. Nhom nghién citu dé xuat ki thuat lap
lich c6 tén 1a AGS két hop giita lwa chon #ng ten va lap lich dé giam luogng
thong tin hoi dap. Theo thuat toan nay, dau tién cac nhém ang ten sé duge
dinh nghia truéc nhu trong hinh 1.13 va mdi thué bao chon ra nhém t6i uu
nhat cho minh dya trén do loi kénh ctia cd nhém [37]. Sau d6 tién hanh lugng
héa véc to thong tin kénh truyen cho nhém ang ten da chon. Thong tin bao
gom tit ma va chi s6 nhém #ng ten sé dude giii vé tram gboc. Dya trén thong
tin nay thi tram goc sé udc luong duge téoc do clia mdi nhoém ang ten tir do

chon ra céc nhéom dudc st dung dé t6i wu téc do.

L BEKEUE

/
AL ALY

Nhoémi Nhom 2 Nhomg4

Hinh 1.13: Nhom cac ang ten st dung

Két qua mo phoéng cho thay ki thuat AGS c6 dung luong tong cao hon cach
truyen thoéng khi khong nhom céc ang ten dé t6i wu thong tin phan hoi.
e Ky thuat 1ap lich phan nhém thué bao
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Trong bai bao [63] thi tac gid Xu va cong sy cling nghién cttu hé thong FDD
Massive MIMO duéi tac dong ctia hién tugng fa-dinh. Nhom dé xuat ki thuat
lap lich chia lam hai budc: bude mot tién hanh nhém cac thué bao cé cung
diéu kién kénh truyén, buéc hai tién hanh ma héa dua theo chat lugng kénh
truyen ctia nhém. Nhém nghién ctiu stt dung mo hinh mot tram goc c6 M ang
ten phuc vu K thué bao, méi thué bao st dung mot ang ten. Tram gbc sit
dung mang ang ten hai chiéu ULA. Két qua cho thay khi s6 lugng thué bao

cang nhiéu thi cach nhom thué bao cang hiéu qua [63].

K# thuat lap lich s dung tinh truc giao ctia kénh truyen

Trong bai béo [23], cac tac gia da nghién citu &nh hudng cta viéc st dung
bo ADC phan giai thap léen hé thong mmWave theo duong lén. Viéc nay sé
gay sai s6 cho qua trinh lugng ti hoa tin hieu & dau ra clia bo tao bup séng
tuong tu. Tac gid da tinh toan do truc giao gitta cac kénh truyen ctia thué bao
xét t61 yéu té st dung bo ADC phan gidi thap. Tu d6 dé xuat ki thuat lap
lich nham loai bé cac thué bao trong tap tng cit vien ma khong tric giao vdi
tap thué bao lap lich da chon. Két qua mo6 phoéng chi 16, dung lugng tong he
thong c6 thé tiem can v6i dung lugng tong ctia ki thuat MR [23]. Day 1a két
qua rat quan trong nham thic day cac nghién ctu dé xay dung ki thuat lap

lich trong cac hé thong khac sit dung tinh triyc giao ciia kénh truyen.

1.7 Két luan chuong 1

Trong chuong nay, luan an da trinh bay nhitng co s6 Iy thuyét nén ting ciia hée

thong thong tin di dong 5G néi chung va mot sé ki thuat lap lich tieu biéu hien

nay noéi riéng cung véi han ché cia cac ky thuat nay. Trén co s6 do, luan an de ra

huéng nghién citu vé k¥ thuat 1ap lich gom ba phan: (i) thit nhat, luan an nghién
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citu ki thuat lap lich s dung thong tin lao hoa kénh truyen dé lam ting dung
luong toan hé thong va ddm bio moi thué bao théa man yéu cau ve toc do toi
thicu, (i) thi hai, luan an phat trién k§ thuat lap lich ¢6 thé ddm bao cho céc
thué bao c6 thé c6 nhiéu téc do téi thiéu khac nhau, ciing nhu sit dung céc tham
sO ve do uu tién hodc do rét goi, thay vi chi ditng lai ¢ tham s6 vé do tré nhu cac
nghién cttu hién nay, (iii) thit ba 1a ludn an nghién ciu ky thuat lap lich st dung
diic tinh truc giao kénh truyen ctia mang thong tin di dong c& rat 16n dé giam thoi

gian xac dinh tap thué bao phuc vu.
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Chuong 2

K¥ thuat lap lich dam bao téc do tbi
thieu ctia thué bao dua trén thong tin

lao héa kénh truyén

Trong chuong nay luan an sé trinh bay mo hinh hé théng vé van dé lao hoa kénh
truyen, ki thuat uéc lugng kenh truyén lao hoa va téc do co thé dat dude khi st
dung hai phuong phap tién ma hoéa 1a MRT va ZF. Tu d6 de xuat k§ thuat lap
lich sao cho viéc stt dung thong tin 1o héa kénh truyén van dam bdo dudc toéc do
t6i thiéu cho thué bao, hon nita la khong anh hudng dén chat lugng dich vu cta
cac thué bao khac. Day la diém khac biét so vé6i ki thuat lap lich st dung thong

tin 140 hoa kenh truyeén & [40].

2.1 Y tudng ky thuat lap lich dam bao tdc do tdi thidu cho thué
bao khi st dung thong tin lao héa kénh truyen

Heé théng thong tin di dong Multiple Input Multiple Output - nhiéu ang ten thu
nhiéu @ng ten phat (MIMO) c& rat 16n 1a mot k§ thuat mang tinh quyét dinh dé
dat duge dung lugng 16n cho cic mang thong tin di dong 5G. Y tudng cia k§
thuat nay 1a st dung s6 luong 16n ang ten tai tram gbc dé phuc vu nhiéu thué bao

dong thoi, ma trong dé6 moi thue bao chi cé vai ang ten. Thong thuong, moi tram
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gbc sé c¢6 hang tram ang ten dé cung cap két ndi cho vai chuc thué bao véi moi
thué bao chi sit dung mot ang ten. Dung luong hé thong thong tin di dong nhiéu
ang ten c& rat 16n ti le thuan véi s6 lugng ang ten tai tram gbc va tai thué bao
[53]. Dung lugng toi wu c6 thé dat duge khi ki thuat ma héa DPC dudc st dung
[25]. Hon nita st dung cac ky thuat tién ma hoa tuyén tinh don gidn nhu MRT
hosic ZF ciing c6 thé dat dugc hiéu nang t6i wu khi s6 ang ten ctia tram goc rat
16n [30, 34]. Mic du cac wu diém ctia hé thong MIMO c¢§ rat l6n 1a rat 16 rang
nhung né van con cac thach thic phai xit 1§ néu muén dat hiéu suat tdi vu.

Dé dat duge dung luong 16n clia hé théng doi hoéi tram gdc phai ¢é6 duge CSI
chinh xéc dé thuc hién tién ma héa trude khi truyén dit lieu. O ché do Frequency
Division Duplex - ghép kénh phan chia theo tan s6 (FDD) thi lugng dit lieu hoa
tieu ti le véi s6 luong ang ten tai tram goc, trong khi d6 & ché do TDD thi luong
dit lieu hoa tiéu ti lé véi s6 luwong thué bao. Vi vay nhiéu nghién cttu da st dung
ché do hoat dong TDD trong nghién cttu ctia minh [46, 43, 64, 36]. Trong ché do
TDD, thong tin trang thai kénh truyen CSI duge ude luong trong giai doan truyen
dan duong len. Tram goc sé lya chon mot tap thué bao c6 mat trong té bao dé
phuc vu trong giai doan truyén dan duong xuéng. Qua trinh nay goi 1a lap lich va
hién nay c6 rat nhiéu k§j thuat lap lich khac nhau huéng dén cac muc tieu khac
nhau.

Dé ting tdc do ctia thué bao ciing nhu téc do tong ciia toan hé thong, qué trinh
lap lich sé lya chon cac thué bao c6 do 1oi kénh truyén tot nhat va yéu cau cong
suat nhd nhat trong chu ky khung dé phuc vu [57, 17, 5]. K§ thuat nay goi la toi
da hoa tdc do. Nhuoe diém ctia ki thuat nay 1a cac thué bao c¢6 do loi kénh truyen
kém sé gan nhu khong dudc phuc vu va diéu nay thi rat khé chap nhan khi nhin

tlt goc do clia ngudi dung. Mot ki thuat khac dé t6i wu téc do hé thong 1a sit dung
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diéu khién cong suat, theo dé thi cong suat phat cho cac thué bao c6 do loi kénh
truyen kém sé dugc tang lén va cong suat clia ciac thué bao cé do 1oi kénh truyen
t6t sé giam di [65]. Mot bai bao khac thi quan tam vé tong cong suat st dung khi
nghién ctu vé hiéu qua st dung niang lugng va pho tan sé hon 1a téi wu cong suat
clia ting thué bao cu thé [47]. Dé gidi quyét nhugce diém ctia phuong phap téi da
hoéa toc do thi phuong phap cong bing theo ty 1é tién hanh xem xét luu lugng da
stt dung trong qua khit ctia thué bao dé c6 ging tao ra mot toc do bang nhau giita
cac thué bao. Muc tiéu ciia phuong phap nay 1a duy trli mot sy cong bang giita
céc thué bao [3].

Bdi vi s6 luong thue bao duge ude lugng kénh 1a c6 gisi han khi so sanh véi s6
lugng ang ten dé t6i wu hiéu qua st dung pho tan [42, 15, 12] nén s6 lugng thué
bao dugc phuc vu cling bi han ché. Hon nita, viéc nhém cac thué bao va nhém céac
dng ten ciing dugc can nhic dé cai thién hieu qui st dung pho tan [37, 63, 13].
Cac tac gia trong [66, 58] thi tim kiém viec tiét kiem tai nguyen nho st dung lai
cac chudi tin hiéu hoa tidu. Mot cach khac dé tang dung luong ctia hé théng la
phuc vu thém cac thué bao ma khong can ton thém tai nguyen cho viéc uée hugng
kénh ctia cac thué bao nay. Thong tin CSI hién thoi cua cac thué bao nay duge
u6c lugng bang luong kénh truyen bién thién so véi thong tin CSI dude luu gitt
trude do. Hien tuong nay duge goi 1a 1ao hoa kénh truyén va da thu hat duge rat
nhiéu sy quan tam cia giéi nghién cttu [60, 49, 33, 35].

Trong [40], tac gia dé xuat mot ky thuat 1ap lich sit dung thong tin 1d0 hoa kénh
dé tang do loi ghép kenh khong gian bing cach phuc vu thém nhiéu thué bao ma
khong can tiang thong tin uéc luong kénh. Bén canh do, 16p vat 1y clia mang vo
tuyén 5G sé hod tro QoS dé dam bao chat luong dich vu tit mang 161 t6i tan thue

bao [1]. Déc biét, tram géc gNB sé phai ddm bao tdc do tdi thiéu cho cac ludng
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dit lieu c6 Guaranteed Flow Bit Rate - toc do ludng bit duge ddm bao (GFBR) dé
phuc vu cac két ndi c6 Guaranteed Bit Rate- t6c¢ do bit duge dam bao (GBR) [2].

Tt cac yéu to nay, luan an dé xuat mot ki thuat lap lich st dung thong tin
1d0 héa kénh truyen, goi la QoS-Aware, ki thuat khai thac thong tin 1ao héa kénh
khong chi nham muc tiéu tang dung lugng hé thong ma con hd trg QoS biang viéc
dam béo ring moi thué bao sé dugc ddm bao mot téc do t6i thitu GFBR. Hieu
niang ciia QoS-Aware duge danh gia vé mat dung lugng hitu ich (tong dung lugng
clia cac thué bao théa man yéu cau toéc do toi thiéu) va dung lugng khong hitu
ich (tong dung lugng ctia cac thué bao khong duge thda méan tdc do tdi thicu), sb
lugng thué bao c¢6 dung lugng hitu ich va khong hitu ich, va duge so sanh vé6i ky
thuat ap dung tai [40]. Két qua mo phéng cho thay ki thuat dé xuat c6 thé dam
bao dudc téc do t6i thicu cho thué bao va c¢6 dung luong hitu ich cao hon dung

lugng hitu ich cia ky thuat trong [40].
2.2 M5 hinh hé théng

Mo hinh hé théng duge nghién citu 1a mot té bao da ngusi dung Massive MIMO
bao gom mot tram goc BS va nhiéu thué bao, v6i moéi thué bao c6 mot dng ten.
Ky hicu K, = {1,2,--- , K,} 1a tap cac thué bao nay, trong d6 K, 1a tong s6 thue
bao. Tram gdc BS dugc trang bi M ang ten, v6i M > K,. Dé cho don gian, gia
thiét rang BS biét moi thué bao déu dudc mong mudn phuc vu trong cac chu ky
khung dugc xem xét.

Heé thong hoat dong 6 ché do TDD va tinh thuan nghich ctia kénh truyen 1
hoan héo. Ky hiéu T' la khodng thoi gian ctia mot chung ky khung. Trong moi
khung 7, tin hiéu dau tién duge si dung dé wée lugng kenh va (T — T,) tin hiéu

con lai duge st dung dé truyen dit lieu chiéu xubng.
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Luan an gia thiét ring kénh truyen la phang trong mién tan s6 va la hang sb
trong mdi chu ky khung. Ky hieu g[n] € C¥*! 1a hé s6 kenh truyeén fa dinh nhanh,
gi4 tri nay thay doi giita cac khung thoi gian. Dé phan tich thi luan 4n st dung mé
hinh kénh Rayleigh fa dinh vé6i gia tri ctia g[n] € CM*! 1a phan bé doc lap (i.i.d.)
tuan theo phan bd Gauss véi trung binh khong va phuong sai don vi. Ky hiéu
B 1& he s6 fa dinh cham ctia kénh truyén ctia thué bao k € K, doéi véi tram goc
BS, gia tri nay khong thay déi trong cac chu ky khung dugc xem xét. Heé s6 kenh
duong lén ciia thué bao k € K, dugde xac dinh bdi hy[n] = /B.gi[n] € CM**1,

O day gia thiét ring véc to he s6 kenh truyén thay déi gitta cac chu ky khung
do hién tuong lao héa kénh truyen. Dé tien tinh toan thi mdi quan hé gitta hai véc

to hé s6 kenh truyén gitta hai chu ki khung lién tiép dugc thé hién theo [40]
hi[n] = aphi[n — 1] + e [n], (2.1)

trong d6 ay 1a he s6 tu tuong quan tam thoi ciia thue bao k, hy[n — 1] 1a véc to
hé s6 kénh truyeén trong khung trude d6 ciia thué bao k, va eg[n] 1a sy bién doi he
s6 keénh truyen khong tuong quan do hién tuong lao héa kénh truyeén. Vé nguyeén
tic, ay phu thudc vao moi trudng dia 1y, toc do di chuyén cla thué bao va dac
tinh ctia ang ten [32]. Dé cho don gidn, gia thiét rang oy, khong thay ddi trong céc

khung duge xem xét v6i moi thué bao k € K,.
2.3 Uséc lugng kénh truyen

0 giai doan udc lugng kénh truyén ciia khung n, tram goc BS lya chon ngau nhién
mot lugng ¢6 dinh K, thué bao tir tap K, thué bao theo cich tuan tu cho muc
dich u6c lugng kénh truyen. Ky hicu K, [n] € K, 1a tap thue bao dugc lya chon tai
khung n. Sau khi dugc thong bdo, cac thué bao nay sé truyen dong thoi cac chudi
hoa tiéu truc giao ting doi xac dinh trude cé chieu dai 7, > K, v6i ciing mot cong
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suat p,. Ky hieu vi'[n] € C™™ la chudi hoa tiéu gii béi thue bao k € K,[n]. Tin
hiéu hoa tiéu nhan dudgc tai tram goc BS 1a
Y.[n] = Y bph[n]vi[n] + Z[n], (2.2)
keKp
trong d6 p, 1a cong suat phéat trung binh tai mdi thué bao, Z[n] € CM*™ 13 ma
tran nhiéu trang Gauss v6i cac he sd ¢6 phan b6 doc lap CN(0, 021,,). Gia tri

ude lugng MMSE ctia hy[n] duge tinh bang [27]:

hn] = =22y v, (2.3)

h;[n] =

Hon nita, vi nguyén tic tryc giao clia udc lugng MMSE, hy[n] c6 thé duge tach

ra thanh hai thanh phan khong tuong quan nhu sau [40]
hy[n] = hy[n] + hy[n], (2.4)

trong dé hy, [n] 1a véc to 161 u6e lugng khong tuong quan. h, [n] 14 mot véc to co

cac gid tri phan bo doc lap CN (0, &Iy ), & = ToPp i

Tpppﬁk'i‘az )
2.4 Truyén dw liéu chiéu xuong

Sau giai doan udc lugng kénh truyen, tram goc BS lya chon tap thué lap lich
K (K, > K,) dé truyén dit licu. Ky hieu x[n] € C**! 1a véc to tin higu cho K|
thue bao va E {||x[n]||*} = 1. Tram gbc BS stt dung mot ma tran tién ma hoa
tuyén tinh F € CM*K d6 la mot ham dugc tinh toan tit kenh truyén H[n] dé
gén dit lieu can truyén x[n] vao cic dng ten phat. Cong suat duge st dung cho

Ks
thue bao k 1a py.[n] véi didu kien giéi han vé cong suat 3. |£:[n]|° pu[n] < P. Tin
k=1
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hiéu nhan duge tai thué bao k c¢6 thé duce viét lai thanh:

— E{hy [n]fi[n]}\/pe[n]zi[n] + 0, (2.5)
trong do hy[n] 1a véc to kénh truyén ctia thue bao k, va fi.[n] 1a cot thi k clia ma
tran Fn].

T¥ 1é tin hiéu trén nhidu SINR ctia thué bao k c6 thé duge viét lai thanh:

2
Pr|n)|¢
wlnl = & sl — ey
;Pz[n]E{\hﬂn]fZ[nH b= pi[n]|ge]” + 0”
trong dé6 ¢, = E{h{ [n]f.[n]}.
Téc do c6 thé dat dude ctia thué bao k 1a
Ry [n] = log,(1 + n[n]). (2.7)
Téc do tong ciia hé théng 1a
K
Roum[n] =) logs(1 + vi[n]). (2.8)

=1
2.5 Lao héa kénh truyén
Su bién thien vé kenh truyén xay ra déi véi tap thué bao con lai K, [n] = K, \K,[n]

do sy khac nhau vé mat thoi gian gitta thoi diém uée lugng kénh va thoi diém st

dung keénh truyen dé truyen dit lieu chiéu xuéng. Luan an dinh nghia hé s6 bién

45



doi kenh truyén O[n] ding dé do luong sy bién doi kenh truyén gitta khung thoi
gian cudi cing [; ma kénh truyen cia thué bao k& duge uéc lugng va khung thoi
gian hién tai n [40]

5k[n] = Oékn_lk (29)

hy[n] = 6k[n]flk[lk] + &[n], (2.10)

trong d6, €,[n] = dx[n]hy[l;] + ex[n] 1a phan bd doc lap déu véi trung binh khong

va phuong sai (), — 0;[n]&).

2.6 Téc do tong c6 thé dat dudc véi hién tuong lao héa kénh

truyén

Luan 4n nghién ctu téc do tong chiéu xudng co thé dat duge khi st dung thong
tin lao hoa kenh truyen CSI dé lap lich. Gia tri u6c luong hien thai CSI h,, [n] cla
thué bao k£ dudc tinh tir gia tri uéc luong kénh lan cudi flk /] tai khung thoi gian
..
hy[n] = 6phy[l]. (2.11)
Tin hiéu nhan dugc cua thué bao k 1a
yi[n] = I [n]F[n]Px[n] + &,[n]F[n]Px[n] + ny[n]

= hi[n]fi[n]y/pizi[n]

+ 3 Bl pmin

I=1,1£k

+ &;[n|F[n|Px[n]| 4+ ny

= E{h{ [nlfi[n]}/Draln] + efn], (2.12)
trong d6 e,[n] = :Zlhf [n)tn] Bizn]
— E{b] [n]fi[n]}\/Drwr[n] + & [n]F[n]Px[n] + ny[n].
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2.6.1 Tién ma héa MRT
Ma tran tién ma hoa duge xay dung bang

F[n] = H[n].

E{hj[n]h;[n]} = &67[n] M.
E{[h{[n]h;[n]]*} = &6[n)(M* + M).
E{[hi [n]hj[n]"} = &di[n]&d7 [n] M

E{|&[n|Hi[n|Px[n]"} = (8 — 6;[n]&).

Két qua 13,

MRT pkfi(szﬁ [n]M

Ve n) =

2.6.2 Tién ma héa ZF

D6i v6i tien ma héa ZF, ma tran tien ma hoa duge xay dung bang
Fln] = H[n](H{[n]H[n]) .
E{hy [n]h[n](hy [n]hy[n]) "'} = L.
E{|hf [n]h;[n) (hf [n]h;[n]) '} = 1

(ﬁk_ kfk’)
- 513§k(M - K>.
IWMMEMmH][D!}—Qﬁ km)
I #k

E{|&x[n]F [n]Px[n]|"} = (8 — 6;[nl&y).
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R
Zplﬁk 5[n§k ‘|—90(M K)

0 = (B — 07 [n]& + o). (2.24)
2.7 Ky thuat lap lich dé xuat QoS-Aware

St dung thong tin 1o héa kenh truyen CSI c6 thé lam ting do lgi vé ghép kenh
nhung né c6 thé dan t6i téc do trung binh ciia thué bao bi gidm dan va c6 thé
khong dam bao yéu cau vé toc do tdi thiéu clia thué bao theo céc cam két vé chat
lugng dich vu QoS. Dé gidi quyét van dé nay, luan an dé xuat mot ki thuat lap
lich khong nhitng phuc vu dudce nhiéu thué bao hon dé tiang do lgi vé ghép kénh
ma con dam bao toc do téi thiéu clia thué bao nhim théa man cac yéu cau vée
chét luong dich vu QoS. Y tudng chinh ctia k§ thuat dé xuét la kiém soat toc do
c6 thé dat duoc ciia cac thué bao duge phuc vu va cac thué bao dang dugc xem
xét phuc vu dé ddm bao viéc them céc thué bao méi nay vao nhém lap lich van
dam bdo yéu cau ve toc do tbi thicu clia mdi thué bao.

Budc tiép theo la xac dinh doi tuong cla viéc lap lich va cac rang budc clia né.
Tram gbc BS thu thap thong tin trang thai kenh truyen H, tdng cong suét phat
P va yeéu cau vé téc do tdi thieu T ctia cac thué bao dude phuc vu theo cac yéu
cau vé QoS. Duya trén thong tin thu thap duge, ki thuat lap lich tdi da héa toc do
tong clia toan he thong biang cach lita chon ra tap thué bao t6i wu nhat K[n] tit

tap thue bao duge ude lugng kenh K, [n] va thong tin 140 hoa kénh truyén trong
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moi chu ky khung.
Ks
max 3 log,(1 + vi[n))

Ks[nleKa k=1
K

st S IR pe <P (2.25)
k=1

logy(1 4+ yx[n]) = T
Nhu thuat toan 1, k§ thuat lap lich bao gom bén phan: Udc lugng hé sé bién doi
kénh truyen gitp BS uéc lugng su bién doi vé kénh truyen ctia mdi thué bao tinh
tit lan u6ce luong CSI cudi cung, Liua chon tap thué bao hoa tiéu Iita chon mot tap
thue bao K,[n| dé uéc luong kenh, Udc ligng kénh truyén sé thuc hign viec ude
luong kénh cho tap thue bao K,[n] , va Lua chon tap thué bao phi hgp sé cho
phép thém nhiéu thém bao dudc phuc vu dya trén thong tin 1do héa kénh truyen

dé tang do loi vé ghép kenh nhung vAn dadm bao téc do t6i thiéu ctia thué bao.

Algorithm 1 Ky thuat lap lich QoS-Aware

1: Uéc lugng hé s6 bién ddi kenh truyén
Sx[n] = ap" " VEk € K,
2: Luya chon tdp thué bao hoa tiéu
K,[n] tur tap K,
3: Uéc lugng kénh truyén
Cap nhat (I, hy[lx], 7, he[n]) cho thue bao k € K,[n]
4: Lya chon tap thué bao phit hgp Kg[n)
5: Truyen dit lieu chiéu xudng cho tap Kg[n]

Sau modi thii tuc udc luong kénh va cap nhat thong tin trang thai kénh truyen
cho tap thué bao K,[n], tram géc BS s& chon ra tap thué bao phit hop dé tang
duge dung luong hé théng nhung van théa man duge tdc do t6i thicu cho ting
thue bao. O day ky hieu K[n] la tap thue bao duge lap lich va K[n] 1a tap thue
bao tng cit vién. Dé xéc dinh xem thué bao k ¢6 duge lap lich hay khong, tai
khung thoi gian n téc do R, cta thué bao | € {k|JK;[n|} phai cao hon téc do
t6i thicu 7. Néu tat ca thué bao déu théa man yeu cau vé QoS thi ching ta sé

kiém tra xem liu viéc them thué bao k c6 gitp lam ting dung lugng hé théng
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hay khong R (k|UK[n]) > Reum. Cudi cling, néu ton tai thue bao phut hgp nhat
k trong tap K.[n] théa man ca hai diéu kien trén thi thué bao k sé duge chuyén

sang tap Ky[n]:
IKs [n] — kbest U IKs [TL]
Keln] = Ke[n] \ {kpest}
Tram gbc sé lap lai nhitng thi tuc nay cho dén khi khong con thué bao nao thoa

méan dugce dieu kien. Chi tiét qua trinh Lua chon tap thué bao phu hop nay dudc

miéu ta chi tiét trong thuat toan 2.

Algorithm 2 Luya chon tap thué bao phit hgp
1: Ks[n] = ®7Kc[n] = Ka> Rsum = 0

2: morevaliduser = 1

3. while morevaliduser do

4: kpest < 0

5 for user k € K¢[n] do

6 QoScheck =1

7 for user [ € {k|JK,[n]} do
8 Calculate ~;[n] follow MRT or ZF
9: Ry = logy(1 + v[n])

10: if R < T then

11: QoScheck =0

12: end if

13: end for

14: if (RP°(kEUXKs[n]) > Rsum) and (QoScheck) then
15: kpest < k

16: Roum +— RP(kUKs[n])
17: end if

18: end for

19: if kpest # 0 then
20: Ks[n] = kpest U Ks[n]
2L Keln] = Ke[n] \ {kpest }
22: else
23: morevaliduser = 0
24: end if

25: end while
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2.8 Két qua md phong

Dé do luong hieu qua cia ki thuat QoS-Aware, nhiéu trusng hop moé phéng da
dugc thuc hién trén nén hé théng Massive MIMO bing phan mém Matlab dé so

sanh gitta cac k¥ thuat lap lich sau:
e Ky thuat Non-QoS (OpSac trong [40]).
e K¥ thuat toan QoS-Aware.

Luan an tap trung so sanh dung luong hitu ich, day la tong dung luong clia céc
thué bao trong d6 téc do ctia thué bao cao hon téc do yéu cau tbi thiéu, va ngucc
lai thi goi 1a dung lugng khong hitu ich. Trong cac tinh hudéng mo phéng, cac tham
s6 mo phéng duge mic dinh nhu sau: do dai chudi tin hiéu hoa tiéu T, = K,
va ty 1é tin hiéu trén nhiéu cia duong len va duong xudng la SINR, = 20 dB,
SINR = 30 dB. Kich ban mé6 phéng la ting dan s6 lugng ang ten dé danh gia
hiéu qua cta ki thuat dé xuat doéi v6i dung luong hitu ich, dung luong khong hitu
ich va s6 luong thué bao duge phuc vu trong ca hai ki thuat tién ma héa ZF va
MRT.

Hinh 2.1 so sanh dung lugng hitu ich gitta QoS-Aware va Non-QoS khi s6 luong
ang ten cta tram goc BS tang dan vad K, = 40 cho cac truong hgp téc do toi
thiéu khac nhau 1a 7= 0.1,1 v& 2 (bit/s/Hz). C4 hai ky thuat déu st dung tién
méa héa MRT. Cé thé thay ring dung luong hitu ich ctia hé théng tang dan khi
s6 luong ang ten tai tram goc M tang len. Hon nita, dung luong hitu ich cta ki
thuat QoS-Aware luon cao hon dung lugng hitu ich ciia ki thuat Non-QoS. Néu
nhu yéu cau vé toc do toi thiéu ctia thue bao T gidm dan thi su khéac biet giita
dung lugng hitu ich clia hai ki thuat ciing gidm dan. D#c biet 1a véi T' = 0.1 thi

dung lugng hitu ich ciia QoS-Aware va Non-Qos gan nhu giong nhau. Cudi cling,
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khi T gidm thi dung luong hitu ich ctia cd hai ki thuat déu ting dan.
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Hinh 2.1: So sénh dung lugng hitu ich khi sit dung MRT

Hinh 2.2 cho thay dung lugng khong hitu ich ctia ky thuat QoS-Aware 1a it hon
so v6i dung lugng khong hitu ich cta ki thuat Non-QoS véi cung gia tri T. Yéu
cau vé toc do t6i thieu T cang cao thi dung duong khong hitu ich cang 16n. Trudng
hop xau nhat ctia dung luong khong hitu ich 14 khi T=2 khi sit dung ki thuat
Non-QoS. Diéu do6 cho thay ro rang ki thuat Non-QoS khong nén duge ap dung
trien khai tai nhitng mang vo tuyén doi hoéi chat lugng dich vu véi tée do cao.

Hinh 2.3 bi¢u dién dung lugng hitu ich ctia hé théng khi sé thué bao K, ting
dan va ¢6 dinh s6 ang ten M = 128. Binh thuong khi théem thué bao sé lam tang
dung hugng hitu ich ctia hé thong. Tuy nhién, néu st dung ki thuat Non-QoS va

T cao thi dung lugng hitu ich sé gidm xudng vi du nhu truong hgp T = 2. Diéu
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Hinh 2.2: So sanh dung lugng khong hitu ich khi sit dung MRT

d6 c6 nghia 14 néu sit dung ky thuat Non-QoS thi khi phuc vu thém thué bao sé
dan tdi c6 nhiéu thué bao c6 dung lugng khong hitu ich. Hién tuong nay xay ra
nhiéu hon khi téc do trung binh ctia thué bao nhé hon téc do yéu cau tbi thicu
T'. Tuy nhién, v6i T" = 2 thi khi st dung ki thuat QoS-Aware chiing ta thay rang
dung luong hitu ich van tang lén khi thém vao thué bao mdéi béi vi ky thuat chi
lya chon cac thué bao c6 chat luong kénh truyen tét nhat va van luon dam bao
rang viéc thém thué bao van théa man dieu kién vé QoS.

Hinh 2.4 thé hién dung lugng hitu ich clia thuat toan QoS-Aware va Non-QoS
v6i tien ma hoa ZF khi K, = 40 va M tang dan cho truong hop téc do tdi thicu
T = 9,10, va 11. C6 thé thay ring binh thuong dung lugng hitu ich ciia QoS-

Aware luon cao hon dung lugng hitu ich cia Non-QoS. Tuy nhién, néu nhu T nhé
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Hinh 2.3: Dung lugng hitu ich ctia hé théng khi stt dung MRT va M = 128

hon toc do trung binh ctia thué bao thi dung luong hitu ich clia QoS-Aware sé nhd
hon dung lugng hitu ich ctia Non-QoS, vi du v6i T' = 9. Diéu d6 c6 nghia 1a néu
téc do tdi thidu T qua thap thi ki thuat QoS-Aware sé khong con ¥ nghia. Cudi
ciing, khi s6 lugng dng ten tai tram goc tang lén thi dung lugng hitu ich clia ca

hai kj thuat cing tang lén.

54



300 T T T T T

—¥— QoS-Aware T=9

250 |- - ¥ Non-QoS T=9 ___*----*
—O— QoS-Aware T=10 k- - ¥~
=-€)=- Non-QoS T=10 * - -

200 - —>— QoS-Aware T=11 1 N

- ¥X~= Non-QoS T=11

150

100

Dung lwgng hiru ich [bps/Hz]

50

N
40 60 80 100 120 140 16
SO lvgng ang ten

Hinh 2.4: So sanh dung lugng hitu ich khi st dung tién ma héa ZF va K, = 40

Hinh 2.5 thé hién dung lugng khong hitu ich clia ca hai ki thuat khi st dung
tien ma hoa ZF. QoS-Aware gan nhu khong c6 dung lugng khong hitu ich vi van
dé can nhiéu bi triét tieu khi M tang lén. V6i ky thuat Non-QoS, néu nhu T thap
hon téc do trung binh ciia thué bao thi dung luong khong hitu ich ciing tién vé
khong, vi du v6i T' = 9. Mot lan nita khédng dinh ring néu T rat thap thi khong
can thiét st dung ki thuat QoS-Aware.

Hinh 2.6 thé hién s6 luong thué bao dudc phuc vu khi st dung tién ma héa
MRT va ZF. Nhu thuong le, k¥ thuat lap lich Non-QoS v6i MRT sé phuc vu s
thué bao 16n nhat. K§ thuat QoS-Aware sé phuc vu it thué bao hon néu ngudng
chat luong dich vu T tang len. Hon nita, MRT sé luon phuc vu nhiéu thué bao hon

ZF v6i ciing ngudng téc do tdi thieu T. Béi vi v6i Non-QoS st dung MRT, hau

95



0
______ 3
] X - B
-------- _'8-:.---"'~--
______ # -
————— N,

N ‘&-—- \‘\
S '\
< Lo \
e 8 ™, -
e \‘\
c /,rl?....,% \
(; /’// * \
E 2 \‘()
RIS * —¥—Q0S-Avare T=9 .
g % Non-QoS T=9
o —6—QoS-Aware T=10
g . -8~ Non QoS T=10
o™ —%—QoS-Aware T=11 7
3 k =% *Non-QoS T=11

50 : i

‘ ¥ —” ‘ v ¥
s % ¥ % il SRS | “y
0 8 i) 100 ) 0 180

86 lugng &ng ten

Hinh 2.5: So sanh luu lugng khong hitu ich khi st dung tién ma héag ZF véi K, = 40

hét thue bao sé dugc phuc vu ké ca khi thué bao & trong diéu kién kénh truyén
xau va chi dat dude dung lugng khong hitu ich. Trong khi d6, Non-QoS st dung

ZF sé chi Iita cac thué bao véi keénh truyen § diéu kién tot.
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Hinh 2.6: S6 thué bao duge phuc vu khi sit dung ZF va MRT

2.9 Két luan chuong 2

Trong chuong 2 ctia luan an da dé xuat ki thuat lap lich c6 thé ddm bao dugc tbc
do tdi thiéu cho cac thué bao khi st dung théng tin lao héa kenh truyen. Két qua
mo phéng da xac nhan dung lugng hitu ich clia ki thuat dé xuat vuot troi so véi
ky thuat 1ap lich 6 [40]. Dung lugng khong hitu ich tiic 1a khong dap tng yéu cau
téc do clia khach hang khong dang ké. Dung luong hitu ich ctia ki thuat dé xuéat
khong bi gidm di khi s6 thué bao c6 mat trong tram phat séng ting lén nhs vao
viec k¥ thuat sé giéi han s6 thué bao phuc vu dé dam bao ring tat ca thué bao
dugc chon phuc vu déu duge ddm bao vé téc do toi thiéu. Tinh kha thi cia ki

thuat dé xuat dugc minh chitng 14 néu s6 ang ten tang lén vo han thi dung luong
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khong hitu ich sé tién tdéi khong, moi thué bao déu chi c¢6 dung lugng hitu ich. Han
ché clia ki thuat dé xuat la néu ngudng téc do téi thicu la qua thap so véi téec do

trung binh ctia thué bao thi viéc 4p dung ki thuat QoS-Aware 1a khong can thiét.
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Chuong 3

K¥ thuat lap lich cho hé théng ang
ten c6 rat 16n dam bao da téc do toi

thiéu

Chuong nay ctia luan an dé xuat k§ thuat lap lich huéng t6i cho phép thué bao
c6 thé yeu cau toc do téi thiéu khac nhau. K§ thuat ciing xay dung cong thiic
tinh toan chinh xac cong suat t6i thiéu ma thué bao can c6 dé dat dugc téc do t6i
thiéu tuy y. Hon nita, ky thuat ciing dé xuat st dung tham sé vé do uu tién cla
dung luong dé dam bao ring trong cac diéu kien nhu nhau thi dung lugng cé do

uu tién cao hon sé duge phuc vu trude.

3.1 Y tudng vé ky thuat lap lich dam bao da téc do t6i thiéu cho
nguoi dung

Su biing no cla internet da dnh hudng dén su phat trién ctia mang di dong. Céc
dich vu trén nén IP dudc truyen tai thong qua mang di dong. Vi thé cac mang
khong day sé phai ho trg cac dac tinh cua luu lugng IP. Luu lugng IP duge chia
thanh céac 16p dich vu véi cac yéu cau khac nhau vé QoS cho méi 16p. QoS xac
dinh cac thong tin nhu do wu tien, do tré va toc do ctia mai 16p. Mang 5G sé ho

trg QoS tit mang 16i dén tan thue bao dau cudi [1].
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Trong hudéng nghién citu vé ky thuat lap lich ddm bdo QoS, viec ddm bao do
tré ctia goéi tin nhan dude nhiéu sy quan tam nghién citu. Do tré ctia luu luong
dugce can nhac trong ky thuat M-LWDF [10]. Do wu tien va ddm béo toc do duge
nghién citu trong [8]. Tuy nhién ky thuat vé do uu tién ctia ho lai phu thuoc vao
do tré, con theo quan diém ctia nghién ctu sinh thi do uwu tién cta luu luong phu
thudc loai dich vu cta luu lugng d6 chi khong chi phu thude vao do tré. Hon niia
, dé xuat clia ho sé truyen di toan bo luu lugng GBR theo yéu cau ctia khach hang
nhiam dam bdo khong c6 su rét g6i nao cho luu lugng GBR nay. Diéu nay sé dan
t6i viec chi mot luong it thué bao GBR sé sit dung gan hét bang thong cia cac
thué bao khong dang ky dam bao téc do. Diéu khién cong suat ciing duce thuc
hién trong [20] dé xac dinh lugng dit liéu can truyén di phit hgp dé cai thién hicu
ning vé do tré. Su két hop giita k§ thuat lap lich va diéu khién cong suat ciing
dugc nghién citu trong [23]. Téc do t6i thiéu dé hé trg QoS trong céc hé théng
dng ten cd rat 16n duge nghién citu trong [4]. Dé dam bao duge tdc do t6i thidu
cho thué bao, mot tap con ctia thué bao va tap con ctia ang ten duge lya chon dya
trén ham 10i.

V6i hiéu biét clia nghién citu sinh, céc nghién citu hién nay vé ky thuat lap
lich hé tr¢ QoS cho cac hé thong dng ten cd rat 16n chii yéu nghién citu ve dam
bao do tré hodc chi ddm bao mot tde do t6i thiéu cho thué bao. Van dé dam béo
nhiéu tdc do tdi thiéu cho cac thué bao khac nhau vAn chua duge xem xét thau
d4o. Vi vay é muc nay nghién citu sinh dé xuat mot ki thuat lap lich véi tén goi
QoS-Assurance, trong do xac dinh cong suat t6i wu cho méi thue bao dé dat dudc
téc do t6i thicu theo yéu cau. Viéc téi uu cong suat trén ting thué bao sé gitp
tiét kiem cong suat st dung dé c6 thé phuc vu dude nhiéu thué bao hon. Hieu qua

cua k¥ thuat QoS-Assurance dugce nghién citu dudi khia canh dung lugng toan hé
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thong, toc do trung binh ctia thué bao va dung luong hitu ich. Két qua mo phong
cho thay dung luong hé théng cai thien hon nhiéu so vé6i cac thuat toan tap trung
vao do tré nhu [8] trong khi lai c6 thé dam bao duge da tdc do téi thieu cho ngudi

dung va co thé phan biét duge do uu tién cta luu lugng.
3.2 Mo hinh hé théng

Mo hinh hé théng dugc nghién ctiu 14 hé thong ang ten cd rat 16n gom mot tram
gbc BTS va K, thué bao. Tram gboc c6 M ang ten va mdi thué bao chi c6 mot ang
ten vdi dieu kien M > K,. Tat ca thué bao chia sé chung tai nguyén veé thoi gian
va tan s6. He thong hoat dong trong ché do TDD va tinh thuan nghich ctia kénh
truyen 1a hoan hao. Ky hiéu T 1a chu ky khung. Trong méi chu ky khung, 7, tin
hi¢u dau tien sé duge dung dé uée luong kenh truyén CSI va (T — 7,) tin higu con

lai sé duge dung dé truyen dit lieu.
3.3 Uéc luogng kénh truyén

Dé uéc lugng ma tran kénh truyen gitta BS va thué bao, tram gbc BS sé giii chudi
tin hi¢u hoa tieu truc giao V. € CH¥*™ ¢6 chidu dai 7, tin hieu xubng K, thue
bao (1, > K;) dugc lua chon tit tap K,. Ky hieu H & CM>Kt 13 ma tran kenh
truyen gitta tram goc va K, thué bao. Mo hinh kénh truyen fa dinh duge st dung
véi cac hé sé kenh gitt khong déi trong mdi chu ky khung. Ky hieu hy, 1a véc to
kenh truyen kich thuéec M x 1 cta thué bao k-th, day chinh 1a mot cot clia ma

tran H v duce biéu dién béi

h;, = g/ Bk, (3.1)
trong d6 thanh phan ctia g, 14 cac phan bé Gauss véi tri trung binh bang khong
va phuong sai don vi, 8, 1a hé s6 fa dinh ctia kénh truyén do che chin cta dia
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hinh va thuong 6n dinh qua nhiéu chu ky khung. Tram géc BS sé nhan dugc ma

tran M X 7, :

Y, = /50,HV + N, (3.2)

trong do p, 1a cong suat phat clia moi thué bao, N 1a ma tran nhiéu Gauss vdéi
cac gia tri phan bo gidng nhau va doc lap(i.i.d) CN (0, 02I,,). Vi thé, wéc lugng
161 trung binh nh6 nhat (MMSE) ctia H duge tinh bang [41]:

=V vy oye (3.3)

o + T,pp

= TP (3.4)

k= Yrk-
02 + Tpppﬁk

E{(h, — B (b, — B)") = (5 — D p (35)
pprBk: + 02
_ pmbi
pprBk: + 02 .

3.4 Truyén tin hiéu chiéu xuong

Sau giai doan udc lugng kenh, tram goéc BS chon mot tap thué bao phuc vu
Ks = {1,2,..., K } tu tap thueé bao da duge uée luong kenh K, = {1,2..., K, }
v6i K, < K, dé phuc vu trong giai doan truyén tin hiéu chidu xudng. Ky hieu
x € Cf*! 1a dit lieu ctia K, thué bao véi gii han E {||x||*} = 1. Tram gbc BS
tinh todn ma tran tién ma héa tuyén tinh F € CM*Es tit ude luong kenh H dé
ghép dit lieu x dén cac ang ten. Cong suat ctia thué bao k 1a p,, chiu diéu kién gidi

K
han vé cong suat tong > \fk|2pk < P. Tin hiéu nhan dugce tai thué bao k c¢6 thé
k=1

62



duge viét lai nhu sau:

Ks
i = hy fi/pray, + Z hy fiy/pi + 0y,

1=1,l#k

Ks
+> b/ — E{h{f}/peae + 0y, (3.7)
=1

trong do6 hy, 1a véc to kénh truyen ctia thué bao k, va f;, 1a cot thit & clia ma tran
F.

Ty lé tin higu trén nhiéu tic thsi (SINR) clia thué bao k ¢6 thé duge viét nhu
sau:

pr|E{h]f,}[*

’)/k — K. , , . (38)
> pE{h "} — pr|E{hfi }|" + o2
=1
Téc do c6 thé dat duge ctia thué bao k 1a
Ry, = logy(1 + ). (3.9)
Téc do tong ciia hé thong 1a
K
R.., = Z logy (1 4+ Y%)- (3.10)

=1
3.5 Bai toan t6i vu cta ky thuat lap lich
3.5.1 Céac tiéu chi téi vu

e T6i da héa téc do: ki thuat kinh dién c¢6 muc tieu t6i da héa dung luong
tong ctia hé théng dude goi 1a MR. Dung luong tong ciia K thué bao trong

K
hé thong 1a max > Ry, trong d6 Ry, 1a toc do ctia thué bao k. K§ thuat MR
k=1
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dat duge véi cong suat phat cho ting thue bao dugde tinh theo [57], [59]:

2

1 _No J+
B~ o)
pe(m, f) = § i He(m, )| > 3 Hi(m, f)]]? (3.11)
\ 0 trong cac truong hgp con lai,

trong d6 (x|t = max(0, z), Hiy(m, f) 1a kenh truyén cia thue bao k tai khoi
tai nguyén (RB) m trong chu ky khung f va A, 12 hing s6 dugc chon dé thoa

man yéu cau ve giéi han cong suat:

K
> <P (3.12)
k=1

Két qua tai cong thitc (3.11) chi ra rang chi ¢6 cac thué bao véi kénh truyen
t6t nhat méi duge phuc vu. Mot bién thé ctia chién luge quan 1y tai nguyen
nay dugde goi 1a k¥ thuat lap lich "T6i da héa téc do véi cong suat khong doi"
ma trong dé chi c6 cac thué bao véi kénh truyeén tot nhat duge phuc vu nhung

cong suat phat 1a nhu nhau cho moi thué bao duge phuc vu [57]:

P

Céng bang theo ty 1&: Tt quan diém khach hang k¥ thuat lap lich MR Ia
khong chap nhan duge vi cac thué bao c6 kénh truyen kém gan nhu khong
bao gid duge phuc vu. Cong bing theo ty lé PF gidi quyét nhude diem nay
bing cach quan tam dén luu lugng da st dung ctia thué bao dé cung cap mot
toc do nhu nhau cho moi thué bao. K§ thuat lira chon mot thué bao c6 tiéu

chi M cao nhat. Tiéu chi ctia thué bao i-th 14 M; dugc tinh theo cong thic

sau [3]:
M; = arg max ]?:Eg (3.14)
Ri(t) = (1—%)*Ri(t—1)+%*Ri(t—1), (3.15)



trong do,

R;(t) 1a toc do tiic thoi c6 thé dat dugc,

R;(t) 1a téc do trung binh clia thué bao i-th & thoi diem ¢,

t. 1a kich thuée cua chu ky cap nhat,

R;(t — 1) = 0 néu nhu thué bao khong dugc chon dé phuc vu & thoi diém
t—1.
Co6 thé nhan thay rang ki thuat PF cung cap su wu tién cho khong chi thue

bao v6i kénh truyén tot ma ca véi thue bao c6 toc do st dung dich vu thap.

QoS-Scheduler

Trong [8], Ameigeiras va cac tac gid dé xuat thuat toan véi tén goi QoS-
Scheduler da xem xét cic yéu t6 vé do uu tien, do tré ciia luu lugng ciing nhu
la dam bao yéu cau toc do dich vu tdi thiéu cho luu luong GBR. K§ thuat cai
thien hiéu nang ctia hé thong bang cich theo doi do tré ctia thue bao dat dén

mot ngudng nhat dinh D béi mot ham toan hoc ¢ bién s6 1a do tré:

Py[n,s] = (14 f(wy)) piesd (3.16)

[ri[nl]*>”

1
1+e_ak(wk_D) Y

trong do, f(wy,) =
a 1a heé s6 dieu khién do cong bing,

wy, thé hién thoi gian chd cia thué bao k.
Tham s6 a; dieu khién do déc ciia ham sb.
Tham s6 D thiét lap ngudng trén ctia do tré.

. P ~ PR N . > I
Sau d6, n6 nhan véi do vu tien ctia luu lugng F2¢™:

PO (n, s| = Py[n, s]F2". (3.17)
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K¥ thuat dé xac dinh F, ,?Clm phu thuodc vao chi bao hiéu nang chat lugng Q)
clia moi séng mang vo tuyen. @ 14 mot ham ctia do tré d;, doi véi thue bao
k thuoc 16p ddm bao toc do dich vu GBR class, va 1a mot ham cia luu luong

da phat cua thué bao k thuoc 16p khong dam bao dich vu non-GBR.

p

di[n] = (1 = pa)dsn — 1] + ps52

QCI, =1,2,3,4
Qrln] = (3.18)
re[n] = (1 = p)reln — 1] + prrin]

\ QCIm — 57 67 77 87 97

trong d6, gi[n] ky hiéu sb lugng bit dang 6 trong hang dgi clia séng mang k

tai khung thoi gian n.

A 1a wée Iugng toc do trung binh clia séng mang k.

ri[n] dai dien cho téc do dit ligu da truyen trong khung thoi gian n clia séng
mang k.

pq VA p, 13 hing s6.

Ham s6 trong (3.18) khong kiém tra téc do yéu cau t6i thiu ctia thué bao
GBR, diéu nay c6 thé dan dén mot thué bao GBR c¢6 luu lugng 16n sé sit dung

hét bang thong trong khi nén chia sé véi cac thué bao non-GBR.

3.5.2 Xay dung ham muc tiéu

Trong chong giao thiic ciia mit phang thué bao ctia 5G, mot 16p méi c6 ten 1a

Service Data Adaptation Protocol - giao thitc thich nghi di liéu dich vu (SDAP)

dugc them vao tren 16p PDCP dé ghép cac luong QoS va cac séng mang vo tuyén

[1]. Day 1a 1an dau tien, QoS duge quan tam day du 6 16p vat 1y 1a cac séng mang

vo tuyen. Toc do ket noi 1a mot trong cac yeu to hang dau cia yéu cau ve chat
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lugng dich vu QoS. Ky thuat 1ap lich dong vai tro quan trong trong viéc dam bao
QoS cho cac tng dung ctia mang 5G.

Thong tin trang thai kenh truyen H, téng cong suit phat P va yéu ciu vé toc
do T}, ctia thué bao k dudc thu thap tai tram gdc BS. Tit nhitng thong tin nay,
tap thué bao con t6i wu nhat K, duge chon tit tap thué bao dude wde lugng kénh
K, sao cho t6i da héa dugc tdc do tong ciia he théng trong méi chu ki khung.

Muc tieu ctia k¥ thuat dé xuat 1a xac dinh cong suat phat t6i thieu ma van dap
tng dudc yéu cau ve toc do toi thiéu clia mbi thué bao can dude xac dinh. Nho
d6, c6 thé danh phan cong suat con lai dé truyeén dit lieu cho céc thué bao khac,

tic 1a sé lam tang dung luong tong ctia hé thong:

K

max »  log,(1 +

mgg;gx Vi)
K,

st Y B[ p <P (3.19)
=1

log,(1 + ) > Tk
3.6 Giai phap dé xuit

Dau tién, cong suat vira du dap tng yéu cau ve toc do ciia moi khach hang sé

dugc xac dinh. O day, gidi phap tien ma héa MRT sé dudc st dung:
v > 2T — 1, (3.21)
pelE{bIE}
K
> pE{|WIE["} — pilE{DIE Y] + 02
=1

> 2T — 1, (3.22)

Cong suat py trong (3.19) dugce tinh theo cong thiic nghich déo kenh truyen [14]:
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Ma tran tien ma héa MRT la

FMRT — ot (3.24)
Tu do, ta co
E{h;fi} = &M. (3.25)
E{|hy filI*} = §EM? + &M, (3.26)
E{|[h,£i]]*} = &6 M. (3.27)
Tu (3.22) dén (3.27), ta c6
2M2
%=mp@ (3.28)
lsz&ﬂkM + o
-1
P& M?
= K. (3.29)
lszﬁzﬁkM + 02
=}
2( TpPpBr ) P
— o2+ 1pppB /T F K (330)

Ks
> MﬁkK% + 0?
i=1

TpPpB
. (02+ﬁppjﬂk)5kM2P Ty
_ > Tk _ 1 (3.31)
K (BrMP + o?)

_TePpBe_ N3 N2 P
(U2+7'ppp/6k‘)5k Z Ks- (332)
(27 — 1)(BMP + 02)

R6 rang rang toc do tbi thieu ctia thué bao k chi phu thudc vao cac tham sé6 S,
K, va P, khong phu thudc vao cac thué bao khac. Vi thé nghién citu sinh c6 the
mé rong két qua (3.28) cho truong hop céc thué bao c6 tdc do téi thidu khac nhau.
O day, nghién cttu sinh c6 thé tinh cong suat py clia thué bao k bing céch diéu
chinh tham s6 K trong cong thitc (3.23) dé dat dude téc do T,

Tap thué bao K, dugc chon bang cach lya chon cac thué bao c6 tiéu chi cao

nhat. Tiéu chi ciia thué bao & 1a mot ham s6 ciia phu thudc vao cong suat sit dung
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clia thue bao py, , chat lugng kénh truyen Ay, va do uu tién cta huu lugng 1, tai
khung n:

by [* Ty[n]

n| =1+ fu(k) "= -5
prln] = ( ))% pr Ri[n]

trong d6, o 1a mot he s6 dung dé dieu chinh do wu tién cta 16p.

(3.33)

Ty[n] 14 t6c do truyén dan mong mudén cia thué bao tai khung n.

Ry[n] 1a dit lieu trung binh da truyen trong quéa khit cia thué bao k tai khung

Vi duy, sau khi thué bao k dude chon thi phan cong suat con lai sé bi gidm di
f7pr- Qua trinh nay lap di ldp lai cho dén khi khong con di cong suét cho thue
bao ho#ic khong con thué bao can phuc vy. Chi tiét hoat dong ctia ki thuat dugc

miéu ta chi tiét trong thuat toan 3.

Algorithm 3 Thuat toan QoS-Assurance

1: Tram goc BS khéi tao S(1: K,) = 0,K, ={1,2,..., K, },i =1
: Tinh toén f,(k), Ks, px, pr[n] for Yk € K, in 3.16, 3.32, 3.23, 3.33
3: Lua chon thué bao th i:

N

stop = 0;
pi[n] = argmax pi[n], Vk € K,
4: if P > ||f;||?p; then

Kp =Kp \ 4;
stop = 1;
P =P —|f]*ps
S(i) =1;

5: end if

6: if stop =1 then

Quay lai buée 3
7: else

Thuat toén két thuc.
8: end if

3.7 Két qua md phéng

Dé danh gia hiéu qua ctia k¥ thuat lap lich QoS-Assurance, mot s6 trusng hop
dién hinh dugc mo6 phéng bang phan mém Matlab dé so sanh hiéu ning giita céc
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k§ thuat sau:
e K§ thuat MR.
e Ky thuat QoS Scheduler trong [8].
e K¥ thuat QoS-Assurance.

Bang 3.1 liet ké nhing tham s6 mo phong chinh. o) day cac thué bao dudgc chia
thanh hai 16p dich vu c6 mong muén téc do tbi thicu khac nhau. Lép thit nhat
véi toc do 2 (bit/s/Hz) tuong duong véi toc do 200 Mbps va 16p thit hai c6 toc do
t6i thicu 1 (bit/s/Hz) tuong duong véi toc do 100 Mbps khi tram BTS sit dung
bang thong 100 MHz. Cac kich ban mo phéng I ting dan s6 ang ten dé kiém tra
st hoi tu vé tbc do mong mudn ciia thué bao trong timg 16p, so sanh téc do tong
ctia hé thong gitta hai 16p dich vu khac nhau, va so sanh dung luong hitu ich clia
k{ thuat dé xuat va k§ thuat MR khi s6 lugng thué bao phuc vu ting dan.

Bang 3.1: Tham s6 mo6 phéng

Tham s6 mo phéng
Tham sb Gia tri
S6 lugng 16p C 2
Téc do tdi thiéu ctia 16p thué bao 16p 1 | 2 (bit/s/Hz)
Téc do toi thiéu ciia 16p thué bao 16p 2 | 1 (bit/s/Hz)

Hinh 3.1 thé hién téc do mdi thué bao khi stt dung ki thuat QoS-Assurance khi
s6 ang ten clia tram goc tang dan. Trong truong hop ndy, nghién ctiu sinh gid dinh
rang tat ca thué bao trong té bao déu duge ude luong kenh va phuc vu dé xem
toc do trung binh ma moi thué bao sé dat duge. Nghien citu sinh nghién cttu hai
truong hop: mot 1a K, = K, = 39, hai 1a K, = K, = 119. Chiing ta c6 thé thay
tr két qua, véi K, = 39 téc do trung binh mdi thué bao sé tién t6i 2 (bit/s/Hz).

V6i K, = 119 tdc do trung binh mdi thué bao sé tién t6i 1 (bit/s/Hz). Két qua
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nay khang dinh k§ thuat QoS-Assurance c6 the ddm bao bat ky toc do tdi thicu

nao cho thué bao bang cach diéu khién s6 lugng thué bao dude phuc vu K.

08— —

06— -

Tbc d6 trung binh clia thué bao (bps/Hz)

—*—Ks=39
——Ks=119

04— —

2 30 4 50 60 70 80 90 100 110 120
S0 lwgng ang ten

Hinh 3.1: Téc d6 mdi thué bao khi sit dung ki thuat QoS-Assurance

Hinh 3.2 thé hién toc do tong ctia hé thong khi sit dung k¥ thuat QoS-Assurance.
O day c6 thé thay tir hinh vé ring tdc do téng ctia he théng sé tang dan khi tang sb
luong thue bao duge phuc vu K. Khi s6 luong thué bao duge phuc vu K, = 119,
téc do tong clia hé thong dat duge khoadng 120 (bit/s/Hz). N6 sé giam khodng
30% xudng khoang 80 (bit/s/Hz) khi K, = 39. Nhu vay cang phuc vu nhiéu thué
bao thi téc do tong ctia hé théng sé tang léen nhung tdc do trung binh méi thué
bao sé giam di.

Tu ldc nay, luan an sé nghién citu van dé dam bao téc do tbi thiéu cta hai
thuat toan QoS-Assurance va MR. O day, tong s6 thué bao K, = 58 dugc chia
thanh hai 16p dich vu. Lép thit nhat bao gom 29 thué bao véi yéu cau toc do
t6i thicu 1a 2 (bit/s/Hz) va thué bao thuoc 16p thit hai yéu cau téc do téi thicu
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Tbéc d6 tdng ctia hé théng (bps/Hz)

120

110

10(

3

L I L N RN R

70

40

I R N

H

60 70 80 90 100
S0 lwgng ang ten

Hinh 3.2: Téc do tong clia hé théng

110

120

la 1 (bit/s/Hz). Ky thuat MR st dung cong suat giong nhau cho moi thué bao

De = Kﬂt. Hinh 3.3 thé hién tdc do tong cta ki thuat MR luon cao hon tong toc

do cua ky thuat QoS-Assurance.

Téc do téng cuia hé thdéng [bit/s/Hz]

® ©
o o

~
o

o
o

N o2}
o =}
L e B N L R RN RRRRRRE

w
o

20—

—*—QoS-Assurance
—%—Maximum Rate

20 30 40 50
S lwgng thué bao

Hinh 3.3: So sanh tong téc do
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Hinh 3.4 thé hién dung lugng hitu ich ctia céc thué bao tic 1a chi c6 dung luong
ma dap tng dudc vé toc do téi thieu clia cac thué bao duge tinh. Déi véi ki thuat
MR, c6 thé thay ring khi M = 120, K, > 40, tong dung lugng hé thong 1a hitu
han trong khi sd thué bao phuc vu da ting da 16n thi phan 16n s6 thué bao sé
nhan dugc toéc do nhé hon 2 (bit/s/Hz). Vi vay hau hét thué bao duge phuc vu
ctia 16p thit nhat sé khong c6 dung luong hitu ich. Két qua 1a, dung lugng hittu ich
ctia k¥ thuat MR sé gidm manh trudce khi ting nhe trd lai do s6 thué bao thuoc
16p thit hai duge phuc vu tang lén. Bén canh d6, cidc thué bao thuoc 16p thit nhat
sé duge théa man ve toc do yeu cau 2 (bit/s/Hz) va cac thué bao thudc 16p thi
hai duge thdéa man yéu cau 1 (bit/s/Hz) khi stt dung ky thuat QoS-Assurance. Vi
vay moi dung luong khi st dung ki thuat QoS-Assurance déu 1a dung lugng hitu
ich. Diéu d6 cho thay ki thuat MR cung cap téc do tong 16n nhat nhung ki thuat
QoS-Assurance c6 dung lugng hitu ich cao hon, cai thien dude do cong bang gitta
cac 16p dich vu, va dic bigt 1a ddm bao dugc céc toc do toi thieu khac nhau cla

thué bao.

90 &
80

[N
o o
IRARRRRRRE:

a
o
T

—+—QoS-Assurance
——Maximum Rate

20 —
| | | | |
0 10 20 30 40 50 60
SO lvong thué bao

Dung lwgng hiku ich [bps/Hz]
8 5
FTo
\

Hinh 3.4: So sénh dung lugng hitu ich gita hai ky thuat

Céc truong hop trén chti yéu nhan manh wu diém ctia ki thuat diéu khién cong

suat trong ki thuat dé xuat. Truong hop cudi ciing thé hien anh huéng clia céc
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tham s6 vé do uu tién len dung luong hé théng. Hinh 3.5 thé hién so sanh vé
dung luong hé thong giita ba k§j thuat : QoS-Assurance, MR va QoS-Scheduler.
K7 thuat diéu khién cong suat dugc ap dung cho ca ba ki thuat. Su khac biét &
day chi con do ki thuat dé xuat QoS-Assurance c6 do uwu tién vé dung lugng. Tu
tap hop K, = 100 thué bao v6i mot nita s6 thue bao thuoc 16p thit nhat va nia
con lai thuoc 16p thit hai, mot tap con gom K, thué bao sé duge chon dé phuc vu.
C6 thé thay rang thuat toan MR c6 dung lugng cao nhat, ki thuat QoS-Assurance
ding & vi tri thit hai va cudi cuing 14 QoS-Scheduler. V6i ki thuat QoS-Assurance,
sit danh doi gitta dung luong va do cong bing phu thuoc vao tham sé do wu tien.
Dung lugng ki thuat QoS-Assurance sé tiém can véi dung lugng ctia ky thuat MR
néu he s6 dieéu chinh do vu tién « tién t6i khong véi nhuge diém 1a dung luong
clia cac thué bao thuoc 16p thit nhat sé tién téi khong. N6i mot cach khac 1a do

cong bang ve dung luong gitta cac 16p sé bi gidm di.

——QoS-Assurance
—*—Maximum Rate
QoS-Scheduler

Dung lweng clia hé théng [bps/Hz]

! ! ! ! ! ! ! ! !
10!
20 30 40 50 60 70 80 90 100 110 120

S6 lwgng ang ten

Hinh 3.5: So sanh vé dung lugng gitta ba k§ thuat
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3.8 Két luan chuong 3

Trong chuong nay, luan an dé xuat ki thuat lap lich cho phép thué bao c6 thé dat
dugc téc do tbi thicu tiy ¥, va tram gbc c¢6 thé phuc vu cac thué bao co toc do
t6i thiéu khac nhau trong ciing mot chu ky khung. Day 1a diém méi so véi cac ki
thuat lap lich khac chi c6 thé phuc vu mot toéc do téi thiéu duy nhat. Tinh kha
thi ctia k¥ thuat lap lich dé xuat duge ching minh bang cach thay doi cong suat
clia ting thué bao ki thuat c6 thé ddm bao téc do téi thieu cho thué bao ma hoan
toan khong phu thudc vao tdc do clia cac thue bao khac. Va thuc nghiém ciing cho
thay dé phuc vu cac thué bao yéu cau téc do téi thicu cao sé lam giam dung lugng
hé thong. Néu gidm dan sy khac nhau vé do wu tién thi thuat toan ctia hé thong
sé tién t6i dung luong ctia thuat toan téi da héa téc do hée thong. Han ché clia ki
thuat dé xuat 1a dung lugng tong clia hé thong van kém hon so véi ki thuat lap

lich MR.
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Chuong 4

K¥ thuat lap lich cho hé théng ang
ten budc song mm s dung cac bo
ADC phan giai thap

Trong chuong nay luan an sé trinh bay mo hinh hé théng ang ten c¢6 rat 16n budc
séng mm, mo hinh lugng tit héa, phuong phap tién ma hoéa hai giai doan va toc
do c6 thé dat duge. Tu d6 dé xuat k¥ thuat lap lich st dung hé sb truc giao ciia
kénh truyén giita cac thué bao dé lya chon thué bao mot cach nhanh va téi wu
hon. Day la diém khac biét so v6i ki thuat lap lich truyén théng nhu MR phai st

dung thuat toan vét can [57, 38].

4.1 Y tudng ky thuat lap lich cho hé théng dng ten cd rit 16n
buéc séng mm khi sit dung cac bo ADC phan giai thap

He thong thong tin di dong MIMO c¢6 rat 16n ¢6 buée séng ¢6 mm 1a mot ki thuat
c6 nhiéu 1oi thé dé dat duge dung lugng 16n cho cac mang thong tin di dong 5G
[50, 9, 16]. Uu diém vé bang thong rat rong trong mién tan sb6 c6 bude séng cd
mm hap dan cac nghién ctu giai quyét cac thanh thitc ctia hé thong mmWave dé
trién khai trong thyc té [51, 19, 28]. Truyén séng vo tuyén trong bang séng ¢ mm

c6 tinh dinh huéng rat cao cing vé6i st suy hao rat 16n va c6 it thanh phan da
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duong. Dé b dip cho su tén hao 16n thi can tao ra cac bip séong dinh huéng cao
nhd c6 s6 luong ang ten rat 16n. Di cling téc do bit cao 1a cac bo bién ddi tuong
tu s6 ADC tiéu thu phan 16n nang lugng ciia may thu. Vi thé, nhiéu nghién citu
tap trung vao cach st dung cac bo ADC c6 do phan gidi thap trong cac hé thong
mmWave [26].

RAt nhiéu nghién cttu da chi ra ring nhd sé luong ang ten cd rat 16n cé thé si
dung cac bo ADC phan gidi thap trong hé thong mmWave. Viéc udc luong kénh
truyen c6 thé thuc hien duge trong cac hé thong mmWave st dung cac bo ADC
do phan gidi chi vai bit [54, 44, 45]. He thong mmWave véi kién triic thay doi sb
bit ADC c¢6 hiéu ning vé cong suat téi uu hon cac hé théng sit dung s6 bit ADC
c6 dinh [21].

Heé thong ang ten c¢d rat 16n bude séng mmWave khi sit dung cdc bo ADC phan
gidi thap dat ra mot s6 van dé cho ki thuat lap lich vi du nhu 1a su qué tai va su
khong chinh xac vé uéc lugng CSI. Mot trong nhitng cach vuot qua ganh ning ve
thong tin u6c lugng kénh 1a ky thuat lap lich sit dung bip séng ngau nhién [38].
Nghién cttu nay da chi ra rang dung lugng hé thong ty 1é vdi s6 ang ten ciia tram
phat néu s6 thué bao ciing tang theo tuong ting. Huéng nghién citu ciing dudc tiép
tuc phat trién cho truong hop s6 luong thué bao thua thét bang cach lira chon bip
song t61 wu trong bai [39]. Mit khac, cac ky thuat 1ap lich truyén thong nhu MR
hay PF khong hoan toan phit hop véi cac hé thong mmWave do day 1a cac thuat
toan vét can trong khi s6 lugng ang ten va thué bao 1a rat 16n [39]. Cac ky thuat
nay ciing khong khai thac cac dic tinh vé kénh truyén trong hé théng mmWave.
Hon nita, khi cac bo ADC phan gidi thap dudc st dung thi ki thuat lap lich can
can nhac t6i sai s6 clia qua trinh lugng t héa. Mot k§ thuat lap lich cho chieu

len khai thac dac tinh kénh truyén dé giam thiéu thsi gian tim kiém tap thué bao
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t6i uu trong hée thong mmWave stt dung cac bo ADC phan gidi thap duge dé xuat
trong [23]. Tuy nhien k¥ thuat lap lich cho chiéu xudng trong he thong mmWave
stt dung cac bo ADC phan gidi thap van con 1a dau héi.

Trong phan nghién citu nay, luan an dé xuat ki thuat lap lich NOUS cho chiéu
xuong ctia hé thong mmWave huéng dén Iga chon mot tap thué bao t6i wu bang
cach st dung dac tinh ban truc giao ctia kénh truyén va cé thé tiém can véi hieu
nang ciia thuat toan MR trong khi gidm thiéu duge thoi gian tim kiém. S6 luong
ang ten clia thué bao 1a Myg > 1 mang nhiéu ¥ nghia thyc té hon truong hop
thué bao c6 mot ang ten trong nghieén ctu [23]. Ky thuat dé xuat duge chia lam
ba giai doan: lia chon thué bao tot nhat trong tap thué bao ng cit vien, tinh toan
thanh phan tryc giao clia thué bao so véi tap thué bao da dugc lua chon, buée
cudi cuing 1a loai boé cac thué bao trong tap tng cit vien ma khong ban truc giao
v6i thue bao vita duge lya chon. Bude cudi ciing ¢6 ¥ nghia rat quan trong trong
viec giam thiéu thoi gian tim kiém tap thué bao t6i wu do gidm nhanh kich thuéc
clia tap thué bao dude Ira chon. Hon nita, két quad mo phong cho thay ki thuat
NOUS c6 thé tiem can hiéu nang ciia kj thuat MR va danh bai hiéu nang cta ki

thuat PF ma lai ¢c6 do phtc tap it hon.
4.2 Mb hinh hé théng

Luan an xem xét mot hé thong don té bao da nguoi dung c6 mot tram goc va K,
thué bao. Tram goc BS dugc trang bi Mpg dng ten va Mzr bo RF . M6i thué bao
c6 My ang ten, va gid dinh rang chi c6 mot luong dit lieu véi tram goc. Hon nita,
§ day gia thiét rang tram gbc BS chi lya chon tap thue bao Ky = {1,2, ..., Kg} tut

K, thué bao dé phuc vu. Vi thé tong s6 luong dit lieu 1a Mg, va Mg < Mpp < Mpgs.
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4.2.1 Truyén dan chiéu xudng

Tram goc BS sit dung tién ma héa bang co s6 Fgg = [f7°, £7°, . £)}°] véi kich
thuée Mg x Mg theo sau la tién ma hoa RF Frp = [f*, £, .. £i] véi kich thudc

Mgy x Mg . Vi vay, tin hiéu truyen di 1a
X = FRFFBBS, (41)

trong d6 8 = [81,8y,...8]" 1a véc to cfia tin hieu phat 6 E[ss”] = 3-Tag.

Bdi vi bo RF sit dung cac bo dich pha tuong tu nén cac gia tri clia né 1a hing

ejd)m,n

——. Hay n6i mot cach khac, [Frplm.n s ;

so6 thoa man HFRF]m,n‘Q = Mg

trong d6 ¢,,, 1a goc pha duge lugng tit hoa. Dé thda man gisi han vé cong suat
|FreFpsl” =

Mo hinh kénh truyén 1a fa dinh khéi hep, thué bao u sé nhan duge tin higu [11,
6, 18, 62, 7

= \/IEWfHuFRFFBBS + anuu (42)

trong d6 H, v6i kich thuéec Myg X Mpg 1a ma tran kénh truyén gitta tram goc
BS va thué bao u, n, ~ CAN(0,I) 1a nhidu Gauss, p thé hién cong suat phat va
w, € C™is<! 13 ma tran két hgp RF. Luan an gia dinh rang kénh truyen gom L,
tin hiéu tan xa cho thué bao u [52, 56]. Vi thé, kenh truyén H, c6 thé dugc biéu
dién nhu sau [55]:

MBSMMS

H, = -7 Z Ctu10ns (0u1) s (P ) (4.3)

trong d6 o, 1a do lgi ctia duong thi I, 0,; va ¢, € [0, 27| 1a gbc t6i va goc phat
(AoAs/AoDs) ctia dudng thit I, ays(0,) va aps(@,,) 1a véc to dap ting mang ang

ten clia tram gbc BS va thué bao u. O day gid dinh #ng ten mang tuyén tinh
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(ULA) dugc st dung, véc to dap tng duge dinh nghia nhu sau [55]

1 . )

a’MS(eu,l) — M—Ms[l’ 6]271'67 - 6]2TF(NMS—1)E]T, (44)
1 . ,

aBS(¢u,l) — MBS [17 €j27r5’ s e]QW(NBS—l)&‘]T’ (45)

dsin(0,, ) e = dsin(¢y,

T X ), A 1a bude song cuiia tin hiéu, va d 1a cu ly gitia

trong do6 € =
cic chan tl clia ang ten.

Ky hiéu kénh truyen hiéu dung:

H = [h{,hj,.. b}, ] (4.7)
4.2.2 M5 hinh lugng ti héa

Sau bo két hop tuong tu, ting thanh phan thuc va 4o ciia tin hiéu dau ra 'Y dudc
luong ti héa 6 bo ADC. Luan an stt dung mo hinh nhiéu lugng tit héa (AQNM)dée
biéu dién qué trinh Iugng ti hoa theo mo hinh tuyén tinh. Mo hinh nay chinh xac

ca trong pham vi SINR thap va trung binh [48]. Tin higu lugng tit hoa Z 1a
Z =9(Y) = a\/pHFgps + aW"n + q, (4.8)

trong d6 9(.) 1a ham lugng tit cho ting thanh phan thuc va d0, « = 1 —  1a do
lgi ctia qua trinh lugng tit hoa, 8 dude tinh xap xi nhu sau 5 ~ ”TﬁQ_Zb v6i 56 bit
ADC b > 5, va céc gia tri 8 cho b < 5 dugce liét ké trong bang 1 tai [22]. Nhiéu
W#n tuan theo phan b6 CN(0,I) bdi vi W 1a ma tran don vi. Tin hiéu nhiéu
khong c6 tuong quan véi R va q ~ CN(0,R,,) trong d6 ma tran tuong quan
Ry, = afdiag(pHFps(HFgp)? +1).
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4.2.3 Tién ma héa lai da ngudi dung hai giai doan cho kénh truyén mot dudng

Trong phan nay, luan an xem xét truong hop L, = 1,u = 1,2,...,U. Vi thé 6
day lugc bo ky hiéu [ trong thong tin kénh truyen. Vi kénh truyén H,, chi c6 mot
duong va gid dinh ring c6 thé lai biap séng mot cach lien tuc. Vi thé véc to tién
ma hoa va két hop téi uu 1a

w, = ays(6,). (4.9)

Kénh truyen hiéu dung ciia thué bao u 1a

h, = w/H, Fgp (4.11)
= /MpsMysn,afis(¢) Fre. (4.12)

Vi vay,
H = DAL Agg, (4.13)

trong d6 D 1a ma tran c6 kich thuée Mg x Ms: D], = v/ MpsMysa,.

Tram goc st dung tien ma héa bang co s6

FBB = I:IH(I:II:IH)_lT, (414)
trong d6 Y 1a ma tran kich thuée Mg x Mg vé6i [Y],, = MpsMyis |, u =
’ (ABSABS)u,u
1,2,..., K,. Khi d6 téc do dat duge cho thué bao u 1a
042,0(1_1 fBB)2
R, = log,(1 — 4.15
OgZ( + qu(u,u) i &2) ( )
o pMps Myso?
= log,(1 + PO EMS Ty (4.16)

Ry, 0) + o
Téc do tong ciia hé théng la

a2p(HFBB)2
R, + oIy

R = log,(det(I + ))- (4.17)
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4.3 Ky thuat lap lich dé xuat

St dung toc do dat duge trong cac cong thic (4.15) va (4.17) , ky thuat lap lich

dugce xac dinh nhu sau

L Ru- 418
kP8 e 2 (@19

Hiéu nang t6i wu cla tién ma héa ZF trong Fgg dat duge khi k§ thuat lap
lich Iyta chon dudgc cac thué bao thdéa méan diéu kién khong can nhiéu 1an nhau
h,fP% = 0 cho u # v. Xac dinh tap toi uu K, va FPB dé dat ca do lgi ghép kenh
va do loi da dang nguoi dung 13 rat kho, dic biet khi s6 lugng thué bao K, 1a rat
16n [61]. Tuy nhién, véi s6 lugng 16n thué bao ching ta c6 thé lia chon duge mot
tap thue bao K, gan tric giao [65], toc do tong ctia tap thué bao nay sé tiem can
v6i hiéu nang t6i wu vi yéu té da dang thué bao.

Trong nghién cttu nay dé xudt mot ky thuat 1ap lich (NOUS) duge miéu ta
trong k¥ thuat 4 nham t6i da héa téc do tong & cong thitc 4.17 véi do phiic tap it
hon bang cach loai bé dan cac thue bao theo diéu kién ban tryc giao trong [65].
Nhu c¢6 thé thay trong ki thuat 4, k¥ thuat lap lich bao gom nam budc: dau tién
tram goc BS dat toan bo thué bao vao tap tng cit vien C; va khdi tao mot tap
rong K cho tap thué bao duge lya chon , méi vong lap thit 7 tram goc BS sé tim
thué bao t6t nhat thit ¢ trong tap tng ctt vien C; dé phuc vu sao cho toi da héa
téc do tong trong cong thic 4.17 va loai bd thué bao dudgc lira chon trong tap tng
cu vién C; tai bude 2. O budc 3, k¥ thuat tinh thanh phan tryc giao gk, (i) cua
thué bao thtt ¢ méi duge lya chon doi véi tap co sé {gk,,, -, ng(i_l)} . Tai budc 4,
k{ thuat sé loai bd cac thué bao trong tap ting cit vien khong thoa man dieu kien
truc giao v6i thue bao mdéi duge lya chon K (i) va cudi cung ky thuat sé quay lai

buée 2 trir khi k¥ thuat da Iua chon dt thué bao ho#c khong tim thay tng cit vien
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nao phu hop. Ky thuat 4 duge trinh bay nhu sau:

Algorithm 4 Ky thuat lap lich ban tryc giao NOUS
1: Tram gboc BS khdi tao C; = {1,2,..., K, },Ks =0,i =1
2: Stt dung téc do tdng trong 4.17, tram gbc BS lua chon thué bao thit ¢ nhu sau:
Ks(i) = argrgaxR([ﬁ(Ks)7 hy))
cC;

va cap nhat K = Ky UK, (4),C; = C; \ Ky(4)
3: Tinh toan thanh phéan triyc giao ctia hg,_ ;) doi voi tap co 6 {gk, (1), - 8k.(i-1)}

i—1

B 81 (j)BKa ()
g, (i) = b, (1= 2, TR )
i= .

4: Lua chon céc thué bao con lai dap tng duge yéu cau tryc giao véi thué bao S(4)

|lj1kgg(7;)‘

Cir1=1{keCl=—+—""F<
o= S G esol

(4.19)

5: Néu i < Mg va Cipq # 0, cap nhat ¢ =4 + 1 . Ngudge lai, k§ thuat két thic.

Luan 4n so sanh ki thuat NOUS v6i MR va PF vé phuong dién téc do tong ciia
he théng. Ky thuat MR sé thuc hien ki thuat vét can dé lia chon thué bao c6 toc
do dat dugc cao nhat trong cong thiic 4.15 trong méi vong lip. Khi s6 lugng thue
bao rat 16n, ki thuat MR sé chiu ganh nang vé tinh toan. Khong giéng nhu MR,
ki thuat NOUS st dung diéu kién truc giao trong cong thic 4.19 dé giam kich
thu6c clia tap tng cit vien sau mdi vong lap. Diéu nay gitp gidm tai vé tinh toan
rat nhiéu so véi thuat toan MR. Hon nita, thuat toan NOUS uwu viét hon thuat
toan PF vé phuong dién tong dung luong béi vi PF lua chon céc thué bao hién c6

téc do thap dé phuc vu nham muc tiéu cong bang giita cac thué bao.
4.4 Két qua mo phoéng

Dé do luong hicu qua ctia ki thuat NOUS, mot s6 tinh huéng moé phéng da duge
nghién cttu dya trén hé thong mmWave bing phan mém Matlab dé so sanh céc

k¥ thuat lap lich sau:

e NOUS.
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e MR.
o PF.

e Mot thué bao.

O day phan udc lugng kenh truyén duge coi nhu 1a 1y tuéng, mo phéng khong
tinh todn dén uéc luong kénh truyén & chiéu lén. Kich ban mo phéng 1a xem xét
hiéu qua st dung pho véi ty lé tin hiéu tréen nhiéu SINR thap phit hop véi thuc té
khi stt dung cac bo ADC phan giai thap, so sanh gitta tinh huéng st dung bo ADC
phan giai thap va bo ADC hoan héo (No-ADC) dé danh gia hiéu qua ki thuat dé
xuat cho cac truong hop khac nhau ctia do phan gidi ADC va so sanh hiéu qua st
dung pho gitta cac k¥ thuat lap lich khi sé luong thué bao lap lich ting dan.

Trong hinh 4.1 luan an so sanh hiéu qua st dung pho theo ty 1é tin hiéu trén
nhiéu SINR. Luan an xem xét v6i Mpg = 256 ang ten & tram goc, Myg = 16 ang
ten tai thue bao, Mg = 20 thué bao sé dugc lua chon dé phuc vu, K, = 160 thué
bao trong té bao, s6 bit ADC la b = 2 (bit) va SINR tang tir -20 dén 10 dB. Két
qué nghién cttu chi ra ring ca hai ki thuat NOUS va MR c6 thé tiém can hieu
qué st dung pho ciia truong hop mot thué bao khi SINR cé gia tri rat 16n. Hieu
qua st dung pho cta ki thuat NOUS gan nhu xap xi v6i két qua ctia ki thuat
MR vé6i thoi gian tim kiém ngan hon. K§ thuat toan PF tap trung vao do cong
bang gitta cac thué bao nén khong thé cé hiéu qua st dung phd cao. Khoang céch
gifta cac k¥ thuat gidm xudéng khi SINR tang lén vi sai s6 clia qua trinh lugng ti
héa sé giam di khi SINR & mien gia tri cao. K¥ thuat dugc dé xuat NOUS c6 thé
hoat dong tot ngay cid mién SINR nhd vi sai s6 lugng t1t ting lén lam gidm do
tryc giao ciia kénh truyen.

O hinh 4.2 luan 4n so sénh hiéu qua st dung phd trong hai truong hop: dau tien
1a hé thong stt dung bo ADC phan giai thap vé6i s6 bit b = 2 (bit) va truong hop
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Hiéu qua s dung phd (bps/Hz)

R —3¥—Single User
15 [ ¢, |
R4 =X = Maximum Rate
R4
// =3%—NOUS
1+ ’/'V -0-PF i
R
R

O.EI | | | | |

-20 15 -10 5 0 5 10

SNR (dB)

Hinh 4.1: Hiéu qua sit dung phoé theo SNR

thit hai coi nhu bo ADC 14 hoan hao, khong c6 sai s6 lugng t1t hoa goi 1a No-ADC.
C6 thé thay rang & truong hop No-ADC thi hiéu qua st dung c6 thé ting t6i vo
cting khi tang SINR. Trong truong hop bo ADC phan giai thap b = 2, sy gia tang
ctia SINR & mién gia tri cao khong lam tang len nhiéu hiéu qua sit dung pho do
sai s6 clia qué trinh lugng tit hoa. Trong ci hai truong hgp, ki thuat NOUS c6
thé xap xi hiéu nang ctia ki thuat MR vé phuong tién hieu qua st dung pho. Két
qué ciing cho thay k§ thuat NOUS c6 thé hoat dong tot trong ca hai truong hop
bo ADC c6 do phan gidi thap va cao. Khoang cach gitta ki thuat MR va NOUS
gidm xudng khi SINR tang léen vi NOUS hoat dong tot khi bo ADC c¢6 do phan
giai thap.

O hinh 4.3, luan an xem xét truong hop sd luong thué bao duge phuc vu Ky
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Hinh 4.2: So sanh hi¢u qué sit dung phé gitta bo ADC phan giai thap vi No-ADC

tang tir 20 len 60 thué bao, K, =160 va p =3 dB . N6 chi ra ring néu tram goc
BS phuc vu nhiéu thué bao hon thi hiéu qua st dung pho ctia mdi thué bao sé
gidm xuodng vi cong suat nhan dugc ctia mdi thué bao bi gidm xudng. Hon nita,
cang kho tim thay nhiéu thué bao truc giao vi chiing ta da giit tong sé6 thué bao
K, khong doi trong khi lai ting s6 thué dugc phuc vu vi thé hiéu qua st dung phd

ctia NOUS sé gidm xudéng mot chiut so véi MR.
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Hinh 4.3: Hiéu qua st dung pho theo Kg

4.5 Két luan chuong 4

Trong chuong nay, luan an da de xuat ky thuat lap lich dya trén mic do tric giao
ctia kénh truyén giita cac thué bao. Tt d6 c6 thé giam thicéu thoi gian xac dinh
tap thué bao t6i wu trong khi van huéng dén muc tiéu tdi da héa dung luong he
thong. Tinh kha thi ctia k§ thuat lap lich dé xuat duge minh ching bang hiéu qua
stt dung phd ctia ki thuat NOUS tiém can vé6i ki thuat MR va danh bai dugc ki
thuat PF trong ca hai truong hop xét anh hudng ciia bo ADC phan giai thap va
trudng hop coi nhu bd ADC la hoan héo (No-ADC). Va thyc nghiém ctng cho
thay néu nhu s6 thué bao phuc vu trong hé thong tang lén thi kha nang tim thay

tap thué bao ban truc giao sé giam xubng lam gidm hiéu qua st dung pho so véi
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k§ thuat MR.
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KET LUAN

Luan an da tién hanh nghién cttu nhitng kién thiic nén tang cia l6p vat 1y clia he
thong thong tin di dong 5G nhu ki thuat udc luong kénh, tien ma hoéa va cac k¥
thuat lap lich hién c¢6. T d6 xac dinh nhitng yéu t6 4nh hudng mdi va then chot
ctia mang 5G so v6i cac ki thuat 1ap lich hién c6. T d6, luan an da dé xuat cac
ki thuat lap lich nham dam bao chat luong cho cac thué bao sit dung thong tin
140 hoéa kenh truyen, ki thuat lap lich cho phép thué bao c¢é thé ¢é nhiéu toéc do
t6i thieu khac nhau trong cting mot chu ky khung va ki thuat lap lich dua trén
xac dinh tap thué bao truc giao. Tém tat nhing déng gép ctia luan an ciing nhu
dé xuat mot s6 huéng nghién citu tiép theo trong tuong lai dude tac gia trinh bay

duéi day.
Két qua cua luan an

e Dé xuat ky thuat 1ap lich dam bao chat luong kénh truyén cho thué
bao st dung thong tin lao héa kénh truyén nhim dbi phé su bién
thién ctia kénh truyén trong thuc té
Luéan an da tinh toan téc do ma thué bao c¢6 thé dat duce khi st dung thong
tin lao hoa kénh truyén ciing nhu thuat toan kiém tra khi them vao cac thue
bao dugc phuc vu nham dam bio rang viéc phuc vu cic thué bao st dung

thong tin 130 héa kénh truyén khong lam anh hudng tdéi chat luong clia cac
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thué bao khac trong he thong.
e Ky thuat lap lich ddm bao da téc d6 tdi thiéu cho thué bao

Luan an da tinh toan cong suat t6i wu cho ting thué bao cho phit hop véi yeu
cau vé téc do toi thiéu ctia thué bao. K¥ thuat ciing da st dung thong tin vé
do uu tien cia luu luong khi phuc vu thué bao dé dam bao ring luu luong co
do uu tién cao hon sé dude phuc vu trude cac luu lugng ¢6 do uwu tién thap
hon. Day la diém méi so véi cac nghién citu trude day tap trung vé do tré cla

luu lugng.

e K¥ thuat lap lich cho hé théng mmWave sit dung bo ADC phan giai
thap
Luan an da nghién citu hé théng mmWave stt dung bo ADC phan giai thap
va tinh toan téc do cla timg thué bao va cd hé théng co thé dat duge. Tu
do6 luan an da xay dung diéu kién ban tric giao vé kénh truyen giita cac thue
bao ciia hé thong mmWave st dung bo ADC phan giai thap. Diéu nay gitp
giai thiéu thoi gian tim ra tap thué bao phuc vu t6i wu so véi cac ki thuat

truyén thong trude day nhu MR hay PF.
Huéng nghién ciu tiép theo

Bén canh céc k¥ thuat lap lich ddm bao toc do cho thué bao theo yéu cau cia
chat Iugng dich vu st dung cho mang Massive MIMO thi tac gid sé nghién ctiu,
cai tién dé ap dung cho céc hé thong mmWave Massive MIMO v6i nhiéu su khéac
biét trong mo hinh hé théng va dic tinh vé kénh truyén. Can nhic cac yéu t6 ve
dic tinh kenh truyén dé t6i wu hon nita dung luong ciia hé théng ciing 1 huéng

nghién cttu tiép theo ctia luan an.
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