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TOM TAT

Tém tat: Cac thé hé mang di dong nhu 5G hay WiFi 802.11ax hién nay dang phai st dung mot
phan dang k& bing thong va tai nguyén tinh todn cho viéc nhan dang kénh truyén vo tuyén. Luin
viin tip trung vao giam thiéu chi phi va do6 phic tap ctia viéc udc luong kénh truyén trong cic
hé théng MIMO kich thudc 16n bang viéc st dung cac “tri thiic méi”, vi du phuong phap ban
mu st dung thém cac thong tin bén 1& vé ciu hinh mang Ang-ten hay hoc mdy, hoc sau sit dung
thong tin khic véi thong tin kénh. Trudc hét, dudng bao Cramér Rao dugc st dung dé xem xét
sai s& u6c lugng tdi thi€u cla viéc nhan dang kénh truyén khi thay d6i cAu hinh clia cic mang
dng-ten MIMO kich thudc 16n ciing nhu khi st dung gii thut ban mu nham giam thiéu chi phi.
Két qua mod phéng chi ra rang cac ciu hinh méang ang-ten 3D (vi du: UCyA) khong nhiing gitip
tiét kiém dién tich trién khai ma con gidm sai sb trong qu4 trinh uSc luong kénh truyén. Bén
canh d6, stt dung mot phan thong tin théng ké tir dif lidu chua biét trudc theo huéng tiép can ban
mi ciing ¢6 thé 1am ting tinh chinh xé4c clia viéc udc luong. Sau d6, mdt mang no-ron siu c6
tén ISDNN dugc dé xuit cho ca hai mé hinh kénh truyén c6 céu tric va khong st dung céu tric
dé€ nhan dang céc hé thdng vién thong MIMO kich thuéc 16n. Mang nd-ron dudc dé xuat cho
sai s6 va do phc tap déu thip hon céc giai thuat uéc lugng tuyén tinh nhu ZF hay MMSE véi
do6 10i c6 thé 1én dén 103 vé ty 1¢ 16i bit va giam O(L) vé do phiic tap. Ngoai ra, khi so sanh véi
mot mang no-ron sau khac 1a DetNet, chi véi 24 tham sb hoc, do chinh xac ctia ISDNN ciing
vuot troi, tiém can ty 18 18i bit 10~*. Cac nghién ctiu trong luan vin chi ra tiém ning clia viéc
ting dung céc “tri thiic méi” trong viéc udc lugng kénh truyén, khi c6 thé gidi quyét nhiéu bai
toan nhu chi phi, do phuc tap, va hi€u nang.

Tir khéa: Nhdn dang hé thong, MIMO kich thude I6n, tri thitc méi, CRB, hoc sdu.
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MO PAU

Ly do chon dé tai

Theo [4], trong ndm 2021, chi riéng cac thiét bi di dong da doi hoi tdng Ivu lugng
truy cap Internet dat 48,27 Petabytes/thang va ting trudng 46% hang nim. Toc do truy
cap clia cc thé hé mang di dong phd bién & Viét Nam nhu 4G 1a trung binh trén 28,2
Megabits/gidy va ting 1én tif 29% dén 47% hang nim. Véi su gia ting nhanh chéng ctia
s6 luogng cac thiét bi di dong va doi héi vé chit luong nodi dung clia ngudi dung, yéu cau
vé truyén tai nhanh va hiéu qua trong cic hé théng truyén thong khong day ludn 1a chi
dé nghién ctiu dudc quan tam.

Trong thé hé mang di dong tién tién nhu 5G va cao hon, dé ting hiéu qué truyén
tai, cdc hé truyén thong don dng-ten hoic da dau vao da dau ra (MIMO - Multi-Input
Multi-Output) kich thuéc nhd (s6 lugng ing-ten ctia tram co s& nhé hon 10) da dugc thay
thé bang cac hé thong MIMO kich thuéc 16n (mMIMO - Massive MIMO) véi sb lugng
dng-ten tram co s& tif hang trim dén hang nghin phan ti va phuc vu cling lic hang chuc
dén hang trim ngudi diing [25]. Kénh truyén clia cic hé thong mMIMO c6 hai tinh cht
quan trong bao gdm: (i) 1am ciing kénh (hardening) [56], khi s6 lugng phan tif Ang-ten
trong mMIMO ting 1én rat 16n, cac kénh truyén vo tuyén c6 thé tré thanh dang pha-dinh
kich thu6c 16n (large-scale fading) va thay ddi chim hon; (i) truyén thuén 1gi (favorable
propagation) [34], trong hé thong mMIMO, tin hiéu truyén tai trén kénh dudng 1én ti
nhiéu ngudi ding khic nhau 12 truc giao véi nhau (khong gay nhiéu cho nhau).

D& dat dudc hiéu qua truyén tai, bat ky thé hé mang di dong nao nhu 5G hay cic thé
hé mang WiFi nhu 802.11ac, 802.11ax déu can thuc hién udc luong kénh truyén vo tuyén
nhim khoi phuc lai tin hiéu gbc dugc gti di. Trong luan vin nay, “nhan dang hé théng
truyéen thong” duoc hidu 12 “udc luong kénh truyén”. Cu thé, mang 5G theo chuin 3GPP
TS 38.211 phién ban 16 [1], c6 dén bdn loai tin hiéu tham chiéu dudc st dung cho viéc
dong bo va udc lugng kénh truyén, bao gém: tin hiéu tham chiéu gidi diéu ché (DMRS -
Demodulation Reference Signal), tin hiéu tham chiéu bam pha (PTRS - Phase Tracking
Reference Signal), tin hiéu tham chiéu 4m thanh (SRS - Sounding Reference Signal), va
tin hiéu tham chiéu thong tin trang thai kénh truyén (CSI-RS - Channel State Information
- Reference Signal). Trén hinh 0.1 md t4 lién két gitta c4c tin hiéu tham chiéu 6 kénh vt

ly v6i cc 16p phia trén clia mang 16i 5G. C6 thé nhan thiy, ca kénh dudng 1én va dudng



xubng ciia mit phang dif liéu va diéu khién déu c6 thé cé su xuét hién ctia céc tin hiéu
tham chiéu nay. Vi du, tin hiéu tham chiéu DMRS c6 thé chiém dén 50% s6 séng mang
con (sub-carrier) trong mot slot va tur 1 dén 2 slots trong mot khung con (sub-frame) cua
5G. Tuy thudc vao diéu kién kénh truyén, tram co s6 sé ting/gidm sb luong cac tin hiéu
tham chiéu nay, c6 thé c6 céc trudng hop 1i tudng khi DMRS chi can & kénh dudng 1én,
nhd tinh dbi xing va cling cta kénh truyén mMIMO. Tuy nhién, van c6 thé nhan xét
rang, trong 5G, khi s6 luong tin hiéu tham chiéu 16n, thi chi phi trong viéc truyén tii va
do phiic tap trong viéc udc luong kénh truyén déu ting 1én. Piéu tuong tu véi cac thé
hé mang WiFi, trong chuin WiFi phd bién hién nay nhu 802.11ac [2], c4c tin hiéu tham
chiéu goi 12 hoa tiéu (pilot) dugc st dung. D€ ting téc do truyén tai, 802.11ac hoat dong
& nhiéu ché do6 bing thong khic nhau, tif nhé nhét 12 20MHz yéu ciu 4 pilots trén tdng
64 sub-carriers, dén 16n nhat 12 160MHz yéu cau 16 pilots trén téng 512 sub-carriers. Do
st dung cac ky hiéu tham chiéu da biét truéc & ca bén thu va phat, nén nhém k§y thuat
udc luong kénh nay dudc goi la khong mu (NB - Non-Blind). Trong luin van nay, thuat
ngii pilot sé dugc st dung dé chi céc tin hiéu tham chiéu nhu trong 5G hay pilot trong
WiFi.

Nhiu phuong phdp nghién cttu da duoc dé xuit dé€ giam thiéu sb lwgng pilot (chi
phi) va dé phitc tap tinh toan can thiét cho viéc uéc lugng kénh truyén. Ma tiéu biéu

trong s6 d6 1a ba hudng tiép can:

1. Céc thuat todn nhan dang “mu” (B - Blind) & day dugc hiéu Ia khi xi ly (nhan
dang), bo xt ly “khong nhin thy” (khdng c6 thong tin) clia dau vao. Cac thuat
todn x{ ly tin hiéu mu phat trién manh trong thap ky 90 [3], tuy nhién cic phuong
phép xi Iy mi thudng yéu cau cc thong sb thdng ké ctia tin hiéu ma thong thudng
khong biét tru6e trong cc hé thong truyén thong thuc, hon nita, dd chinh x4c ma
cac thuat todn nay dua ra ciing thap hon dang ké khi so sanh vé6i cac phuong phéap
st dung pilot truyén thdng. Do viy, cdc thuit todn mi ciing it dudc quan tAm trong

nhiing thé hé mang vién thong di dong trude 5G.

2. Céc thuit todn nhan dang “ban mu” (SB - Semi-Blind) 1a phuong phap cai tién
clia B va dugc quan tAm trong cic nim gan day [23, 24, 46]. Day la ky thuat két
hop cdc thong tin tif huéng tiép can mu truyén thong va cic dang thong tin khéc,
vi du [40]: huéng séng dén (DoA - Direction of Arrival), toa dd ngudi dung, . ...
Diéu nay gitp ting do chinh xdc, giam do phuc tap, va cho kha ning ting dung
rong rai hon. Trong mot sb trudng hop, hidu qua cia tir cac dang thong tin khac

nay c6 thé gidp giam di s6 luong pilot cin thiét cho viéc nhan dang hé théng nham
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Hinh 0.1. Céc tin hiéu tham chiéu (vién bang dudng nét dit mau xanh) tai kénh vat ly
khac nhau trong mang 5G.

ting hiéu suit phd nhung van gitt dugc do chinh x4c can thiét.

3. Cac thuat toan nhan dang st dung hoc may, hoc sau (ML - Machine Learning; DL
- Deep Learning) ciing 12 linh vuc nghién cifu danh dudc nhiéu su quan tim [59]
trong cac nim gan day. Uu diém clia cac k¥ thuat st dung ML/DL la tinh da dang,
khi huéng tiép can ML/DL st dung cho muc dich xt 1y c4c loai tin hiéu nhu hinh
4nh, 4m thanh da dat dudc cac budc tién ro rét. Pau vao cta cadc mang DL dudc st
dung dé€ nhan dang hé thong rit linh hoat, c6 thé tuong ting véi ca ba hudng tiép
can: pilot, mu, va ban mu k€ trén. Sau qud trinh huin luyén, cic mo hinh (model)
hoc may c6 thé hoat dong doc 1ap nhu mot bd can bang mu/ban mu, khi chi cin
dua cdc tin hiéu thu dugc di qua md hinh, va cic tin hiéu can khoi phuc sé dudc tra
vé ma khong can dén céc chudi pilot, hay thong tin vé trang thai kénh truyén (CSI

- Channel State Information).



Trong luan vin ndy, cic phuong phép thudc hai huéng tiép can SB khi st dung cac
thong tin bén 1& vé cAu hinh mang Ang-ten va sit dung DL d€ tach song dudc goi 1a “tri
thire méi” [35] do st dung thong tin khac véi thong tin ti cac ky hiéu pilot. Vi vay, SB
va DL 1a c4c phuong phap tién tién va hifa hen trong viéc udc lugng kénh truyén trong
cac hé thong truyén thong hién dai.

Ngoai viéc thay d6i cac thuat todn udc luong kénh truyén, khi sb lugng Ang-ten ciia
mMIMO rét 16n thi ciu hinh (kién triic) ca cdc mang dng-ten nay ciing can dudc xem
xét. Trong cac thé hé mang di dong cii, cic mang dng-ten thudng & dang méang thang
cach déu (ULA - Uniform Linear Array). Tuy nhién, néu s lugng phan tit Ang-ten I1én
dén hang tram, trudc hét dé nhan thiy ring kich thudc clia cac mang ULA nay sé trd
nén qua 16n. Ngoai ra, viéc thay ddi ciu hinh mang hoan toan c6 thé dnh huéng dén hiéu
suét ctia cc bd uée luong, nhu trong [39] da chi ra, cac cAu hinh mang 3D cho dd chinh
x4c vuot troi khi u6c luong DoA khi so sanh véi ULA truyén théng. Ma DoA lai ¢6 thé
1a mot thong s6 hitu ich bd sung cho cdc phuong phap ude lugng SB, ML/DL. Do vy,
cac kién tric hinh hoc 3D nén dugc xem xét trong mMIMO d€ giam thiéu kich thuéc va
ting do chinh x4c cta cdc hé théng truyén thong. Bén canh thay d6i ciu hinh vt ly cda
mang dng-ten, cic mod hinh kénh truyén ciing c6 thé dugc xem xét nhiam khai thac thém
cac thong tin bén 1€, ddm bao giam thiéu sai s6 cho viéc udc lugng.

Tir thuc t& va nhitng phan tich néu trén, luan vin tip trung nghién ctiu hai muc tiéu

bao gdm:

1. Xem xét su 4nh hudng clia cac cAu hinh mang dng-ten, md hinh kénh truyén dén

hiéu suit cta cac thuit toan udc luong NB va SB trong hé théng mMIMO.

2. Phat trién phuong phap nhan dang st dung DL cho hé théng mMIMO.

Phwrong phap nghién ciru

Trong luin vin, dé dat dugc muc tiéu nghién ctiu hoc vién da tim hi€u cac tai liéu,
bai béo, tap chi qudc té, .. .co uy tin, thuc hién viéc tinh toan mo hinh dit liéu, phan tich
s6 hoc d€ dua ra cac hudng giai quyét hop 1y, va sau d6 kiém nghiém lai két qui bang
hinh thic md phdéng trén Matlab, Python.

Cu thé d€ phat trién cac thuat todan méi nhu muc tiéu dé ra, cdc budc nghién ciu

sau da dudc thuc hién trong luan van:

1. Tim hiéu vé cidc m6 hinh kénh truyén va thuét toan nhan dang hé thong trong truyén

thong khong day véi cac hudng tiép can khac nhau.



2. Xac dinh bai todn cu thé va muc tiéu clia nghién ctiu.

3. Xay dung md hinh todn hoc ctia kénh truyén vo tuyén va Iua chon phuong phéap
danh gid hiéu suét clia cac cAu hinh mang Ang-ten/thuat todn udc lugng kénh truyén
NB, SB.

4. Lua chon mdt phuong phap udc lugng kénh truyén cé thé phat trién thanh mang

hoc sau.

5. Xay dung mo hinh toan hoc, hudn luyén mo hinh, va t6i uu héa céc thuat toan dé

xuat.

6. Pénh gid va phan tich két qua & nhiéu kich ban khac nhau, so sanh véi cic nghién

cuu truée day.

Noi dung nghién ciru

— Tim hiéu vé cdc md hinh kénh truyén mMIMO, cic thuit todn uéc luong kénh

truyén trong nhifng nim gan day.

— Xay dung md hinh toan hoc ctia kénh truyén c6 ciu tric (structured) cho viéc
truyén thong, tir d6 khao sat anh hudng ctia cac ciu hinh mang Ang-ten, thuit todn
udc luong dén hiéu ning chung cla viéc udc lugng kénh truyén thong qua dudng
bao Cramér Rao (CRB).

— Phat trién mot mang no-ron sau dua trén thut toan phat hién tuan tu lip lai (ISD -

Iterative Sequential Detection) d€ uSc luong kénh truyén.

— Danh gia, kiém tra cic thuat toan dugc dé xuit thong qua céc cong cu md phdng
Matlab, Python.

Dong gop cua dé tai
Luan van c6 hai dong gép chinh sau day:
— Khdo sat su anh hudng ctia ciu hinh mang ing-ten 3D va mo hinh kénh truyén c6

cAu tric dén tinh chinh xdc cda viéc udc luong kénh truyén dua trén CRB trong
cac hé thbng mMIMO.

— Pé xuit mot mang hoc sau ISDNN cho viéc u6c luong kénh truyén ctia hé thong

mMIMO véi ca hai md hinh kénh c¢6 céu triic va khong st dung ciu tric.



Két qua nghién cifu ctia chuong 2 da dudc cong bb:

Do Hai Son and Tran Thi Thuy Quynh (2023), “Impact Analysis of Antenna Ar-
ray Geometry on Performance of Semi-blind Structured Channel Estimation for
massive MIMO-OFDM systems,” in IEEE Statistical Signal Processing Workshop
(SSP), Hanoi, Vietnam, July. [accepted]

Bo cuc cua luin van
Noi dung tiép theo clia luan vin dudc trinh bay nhu sau:

— Chuong 1: Trinh bay cdc mo hinh kénh truyén trong hé théng vién thong mMIMO
va téng quan vé cic phuong phdp nhan dang hé théng trong truyén thong khong
day.

— Chuong 2: Trinh bay m6 hinh kénh truyén c6 céu triic cho hé théng mMIMO véi
cdc cau hinh mang dng-ten khac nhau. St dung dudng bao Cramér Rao dé xem xét
dnh hudng ctia cAu hinh méng dng-ten va thuit toan SB dén hiéu suit cda viéc udc

lugng kénh truyén.

— Chuong 3: Trinh bay so ludc vé mang DetNet (Detection Network) phuc vu cho
udc lugng kénh truyén vién thong. Dé xuiat mot mo hinh mang ISDNN, cho cd mo
hinh kénh truyén cé ciu triic va khong st dung cu triic, nham giam do phtc tap
cho md hinh dau ra. Tao bo dit liéu, dao tao, va ddnh gia két qua thong qua md

phong Python.

— Két luan: Pua ra két luan vé hai dé xuit trong luan vin va cac han ché ciing huéng

nghién ciu tiép theo.



CHUONG 1

MO HINH KENH VA CAC PHUONG PHAP NHAN DANG HE THONG
TRONG MIMO KICH THUGC LON

Viéc nhin dang hé thdng trong truyén thong khong diy da ludn dudc phat trién
ngay tif nhitng thé hé mang khong day nhu 2G [51]. BuSc dau tién trong bai toan nhin
dang 12 do dac va mo hinh hod kénh truyén vo tuyén dudi cic dang biéu dién todn hoc
khéc nhau. Trong phan dau tién clia chuong nay, tic gia sé trinh bay khai quat vé mot s6
phuong phap mo hinh kénh truyén theo cac huéng tiép cin khac nhau dé€ chon ra phuong
phdp mo hinh hod kénh truyén phu hop st dung trong luin vin. Tiép d6, cac phuong
phdp nhan dang hé thbng MIMO kich thudc 16n dugc phan loai thanh bdn hudng tiép
can va khao sat mot cach khai quét, d€ chi ra cac phuong phap “tri thic mdi” ma luan

van quan tam.

1.1. M6 hinh kénh trong hé théng MIMO kich thuéc 16n

M0 hinh hoa kénh 12 qud trinh md hinh héa va dic trung héa céc kénh truyén thong
khong day dé€ hiéu va du dodn hiéu suit truyén thong ctia hé théng. Trong cic hé thong
mMIMO, viéc mo6 hinh hod kénh déng mot vai trd quan trong dé ddm bio hiéu suit va
hiéu qua hoat dong ctia hé thdng. C6 thé ké dén mot sb 1gi ich ctia mot hinh kénh truyén
tot (gidng véi viéc truyén thong thuc) nhu sau: hiéu va phan tich kénh truyén vo tuyén;
thiét ké hé thdng va cAu hinh Ang-ten phu hop; ddnh gia hiéu suit truyén thong; hay phat
trién va kiém tra cdc thuat toan xu Iy tin hiéu. Viéc xdc dinh ddy du cic tham s chinh
ctia kénh nhu do tré, suy hao, tin xa, va nhiéu, tif d6 tao ra mo hinh s hoc chinh xéc
phén 4nh su bién d6i khong gian va thdi gian clia kénh truyén luon 1a thach thic trong
cac hé¢ mMIMO do su tuong tac phtc tap gitta sd lugng khdng 16 cac phan ti dng-ten
ciia mang.

Céc md hinh kénh truyén MIMO kich thudc 16n ciing da dugc nhiéu tac gia quan
tam nghién cifu, tdng hop va phan loai theo nhiing huéng tiép can khac nhau nhu phan
loai kénh truyén vt ly/todn hoc trong [5], kénh x4c dinh/ngau nhién trong [54], hay kénh
tién doan/khong tién doén trong [9]. M6 hinh kénh vat 1y bi€u dién kénh dudi dang céc
thanh phan da dudng trong d6 mdi thanh phan dudc dic trung bdi cic tham sb6 nhu bién
do phiic, do tré, goc di, géc dén, ... Trong khi d6, mo hinh kénh todn hoc dudc thiét 1ap

dudi dang toan hoc c¢6 ma tran kénh vé6i cac phan ti 1a cac bién ngau nhién, phu thudc
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Hinh 1.1. Méi trudng truyén thong MIMO kich thudc 16n va mot sé6 mo hinh kénh truyén
tiéu biéu [9].

nhiéu vao kénh va viéc sap dit hé théng nhu bing thong va ciu hinh méang dng-ten. Mo
hinh kénh xdc dinh/ngiu nhién phu thudc vao céac tham sb trong mé hinh 1a cic gia tri
cb dinh hay c4c bién ngiu nhién. M6 hinh kénh x4c dinh thudng dat dudc ti viéc gii
phuong trinh Maxwell hay x4p xi phuong trinh truyén séng trong khi mé hinh kénh ngau
nhién md ta cac tham s6 kénh bang phan bd xac suit. Phuong phdp mo hinh kénh xéc
dinh cho d6 chinh xdc cao hon nhung ciing phai tra gia bang do phiic tap tinh toan. Mo
hinh kénh tién doan dua trén cac thuat toan hoc may véi kha nang xi ly di liéu phi
tuyén va tién dodn dé xac dinh céc dic trung clia kénh truyén. Hinh 1.1 biéu dién moi
truong truyén thong cia mMIMO va mot s mo hinh kénh truyén tiéu bi€u. Nghién ciu
trong [54] chi ra rang, van con su chong 14n, han ché trong céac cach phan loai mo hinh
kénh truyén hién nay. Trong lun vin, tic gia quan tim dén mot sb md hinh kénh ngiu
nhién ca vat ly va toan hoc, cu thé 1a mo hinh kénh ngiu nhién dua trén tuong quan
(CBSM - Correlation-based Stochastic Model), m6 hinh kénh ngau nhién dua trén hinh
hoc (GBSM - Geometry-based Stochastic Model), va mo hinh kénh ngau nhién khong
dua trén hinh hoc (NGSM - Non Geometry-based Stochastic Model). Cac m6 hinh nay

sé duoc tim hiéu k§ hon & nhiing phan tiép theo ctia luan vin.
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Hinh 1.2. Hé thong truyén thong mMIMO.

1.1.1. H¢ théng truyén théng mMIMO
Hinh 1.2 biéu dién mdt mo hinh hé théng thu phat mMIMO don gian véi T dng-ten
phat va L dng-ten thu. Hé thdng dudc bi€u dién dudi dang toan hoc tai thdi diém n nhu
sau:
x(n) = H(n) xs(n) + w(n) (1.1)

trong d6 s(n) € CT*! Ia cac ky hiéu dugc gti di td 7 bo phat, ma trdin H € CLxT
biéu dién kénh truyén, x(n) € CY*! 1a véc-to biéu dién tin hiéu thu dugc ti L Ang-
ten, va w € C*! ]a nhiéu cong tinh (AWGN - Additive White Gaussian Noise). Trong
trudng hop kénh 1a pha-dinh phang tin s, con dugc goi 1a kénh bing hep thi phucng
trinh (1.1) [22] trG thanh:

x(n) = H(n)s(n) + w(n) (1.2)

Céc phan tif trong ma tran kénh dugc bi€u dién bdi cic bién ngiu nhién phiic c6 pha
thuong dudc md hinh bsi phan bd déu va phan b bién do tiiy thudc mdi trudng.
1.1.2. Mo hinh kénh CBSM
Mo hinh kénh CBSM thudc loai md hinh kénh todn hoc, ngau nhién. Xét hé
mMIMO bat bién véi thoi gian ¢6 md hinh kénh hoan chinh biéu dién bdi phuong
trinh (1.3).
Hiptar = ﬁH (13)

trong do, 3 dai dién cho anh hudng clia pha-dinh kich thudc 16n gdm suy hao do khoang

cach truyén, pha-dinh béng md, hiéu ting chin, va hip thu khi quyén; ma trin H dai dién



cho anh hudng ctia pha-dinh kich thu6c nho, khong c6 tia nhin thang (NLOS - Non-Line
of Sight). Xét anh hudng ctia pha-dinh kich thuéc nhd, ma trin H dugc biéu dién nhu
sau:

hoo ... hor-1
H-= : : (1.4)

hp—10 - hr-17-1

v6i m&i phan td 7, ; tuong ng la ddp dng xung clia kénh gilta Ang-ten phat thy ¢ va dng-
ten nhén thu [ (c6 thé dung cho m6 hinh kénh bing rong). M6 hinh kénh dudc chia thanh
2 loai: md6 hinh khong tuong quan va mo hinh tuong quan. Xét ma tran hiép phuong sai
cua ma tran kénh nhu sau:

Ru = E(HH) (1.5)
v6i (.)H 1a phép bién d6i Hermitian.

V6i m6 hinh kénh khong tuong quan, cic phan ti clia ma tran kénh dudc coi 1a ¢6
phan bd gibng nhau va doc 1ap (i.i.d - Independent and Identically Distributed) hay ham
hiép phuong sai cia ma tran kénh 1a mét ma tran duong chéo véi cac gia tri dudng chéo
thudng bang 1. V6i mo hinh ma tran kénh i.i.d Rayleigh s& c6 cic phan ti 1a cdc bién
ngau nhién Gauss phtc trung binh bang 0, phuong sai bang 1.

V61 mo hinh kénh c6 sy tuong quan, ma tran hi€p phuong sai kénh (1.5) c6 do phuc
tap tuong ting véi O((LT)?), ting nhanh theo s6 phan ti ing-ten trong hé mMIMO.
Phucong phap mo6 hinh ngiu nhién Kronecker (KBSM - Kronecker-based Stochastic
Model) [8] dudc dé xuat d€ gidm thi€u do phic tap khi udc luong Ry. Trong do, gia
st khong c6 su tuong quan giifa mang dng-ten phat va thu, dong thdi khong ton tai cac
nguodn tan xa gitta hai mang dng-ten ndy. Ma trin hiép phuong sai Ry dudc phan tich
thanh:

Ry = Rix ® Rix (1.6)

v6i Rix vd Rix 1an ludt 12 ma trin tuong quan cla cic phan tif dng-ten bén phat va
thu, ® 1a phép nhan Kronecker. Hai ma trin nay 1an lugt c6 dang Ry, = E(HH*) va
R.x = E(HHM), v6i (.)T 12 phép chuyén vi ma trin. Dua trén cAu triic hinh hoc ctia mang
dng-ten, hai ma tran ké trén dudc xéc dinh theo [22]. Vi du: cdc dng-ten trong mang co
khodng cdch gan nhau nhung khong cich déu sit dung ma tran tuong quan cb dinh; cac
mang ang-ten tron hay vuong thi sit dung ma tran tuong quan tron; con cac mang ang-ten

thong dung ULA s€ st dung tuong quan mi. Sau khi da xac dinh dugc ma tran tuong
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quan ctia bén phét va bén thu, ma trin kénh truyén dugc udc luong bdi:

H = R/*H, R/ (1.7)

X

v6i H,, 1a ma tran kénh khong tuong quan.

1.1.3. M¢6 hinh kénh GBSM

GBSM thudc loai md hinh kénh vt ly c6 do phiic tap cao. M6 hinh nay xem xét
su lan truyén ctia séng vo tuyén trong khong gian dudi dang cac cum (cluster), tia/dudng
truyén riéng biét. Viéc xay dung md hinh c6 thé dua hoan toan trén dang hinh hoc ctia
cdc phan tif tdn xa nhu md hinh RS-GBSM (Regular shaped - GBSM) c6 céc tan xa nam
trén cac hinh phd bién nhu 1 vong, 2 vong, elip, ..., hay mo hinh IS-GBSM (Irregular
shaped - GBSM) Vi cic tdn xa nam trén cic dudng hinh hoc khong phd bién nhu mo
hinh 2 cum thé hién dic tinh khong diing trong khong gian cta kénh mMIMO, ... Ngoai
ra, md hinh kénh Semi-GBSM ciing dudc st dung rt nhiéu trong cac chuan truyén thong
di dong. Vi du nhu: 3GPP phién ban 16 [1] cho 5G hay WINNER II [17]. So v6i GBSM,
Semi-GBSM mic du ¢6 do chinh x4c va kha ning md rong tét hon nhung mé hinh nay
lai c6 do phiic tap 16n hon nhiéu do mé hinh kénh khong chi dudc xdy dung tif thong
tin hinh hoc ctia cic cluster va phan bd clia cdc tan xa ma con dua trén moi trudng dugc
dinh nghia b&i ngudi ding, layout mang va va thong sé clia mang dng-ten [60].

Theo md hinh GBSM, phan tit ctia ma tran kénh dugc tinh béi [19]:

hl,t(n) = 5m,k,t el g (n - Tm,k,t)
m=0 k=0 (1.8)

. d d .
. e_ZKSSt(Qm,k,t7¢m,k,t) . e_stsl(ng,k,t?(b;ln,k,t)

M, M, 1an ludt 1a s6 lugng cac cum va sb lugng cic tia trong mbi cum dén bén thu. Vé6i
tia thd & trong cum thi m, cdc ky hiéu 3, ¢, 7 dai dién cho bién do, pha, va thoi gian tré
tuyét d6i ctia mdi tia. Goc ngang (zenith), géc phuong vi (azimuth) cia huéng séng di
(DoD - Direction of Departure) va huéng séng dén (DoA - Direction of Arrival) dudc
ky hiéu 1an lugt 1a 67, ¢, 6%, va ¢°. Ky hiéu (-) tuong tng 12 phép nhan vd huéng. Céc
thanh phén bién do S, 1+ clia h;; phy thudc vao suy hao, nhu mot ham cua tin s6 séng

mang f., khoang cach gitta ang-ten phat va ang-ten thu d, cho bdi:

B et (fe, d)[dB] =FSPL (fe, do) + 10€ logy (d%) + Xo» (1.9)

véi d > dy, khi dg = 1m
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trong d6, FSPL (f.,dy) = 201ogy, (4mdoc/ f.), ¢ 1a van tdc 4nh sang, ¢ dai dién cho hé sb
méat mat hAim mii (PLE - Path Loss Exponent), va y, 12 dai dién cho hiéu tng pha-dinh
béng mS va dudc mo hinh hoa dudi dang mot bién ngiu nhién lognormal trung binh

bing 0 va do 1éch chuin o.

1.1.4. M¢6 hinh kénh NGSM

NGSM 12 md hinh kénh ngau nhién vat Iy khong dua trén phan bd hinh hoc ctia cac
nguodn tan xa, dién hinh 12 mo hinh kénh SV (Saleh Valenzuela). Trong [42], md hinh
kénh SV lan dau dugc dé xuit véi do phic tap nhé hon nhiéu so véi mo hinh GBSM. Cu
thé 1a: thay vi chia thanh cdc cum, céc tia v6i cac goc, do tré khac nhau, mo hinh SV gop
cic cum thanh cac dudng truyén 16n véi diéu kién xem xét dic trung 1a tinh thua trong
cac hé truyén thong st dung séng mi-li-mét. C4c thanh phan suy hao, dich pha, va do
tré dudc gdp chung lai thanh mot hé sd khuéch dai phiic (3). Khi d6 cic phan ti cia ma
tran kénh dugc biéu dién dudi dang:

M-1

b= Y B €8 (1.10)
m=0
Vv6i B va (6, ¢) 1a cdc bién ngiu nhién. Trong chuong 2 cla ludn vin, md hinh kénh
truyén nay dugc goi 12 “cé cAu tric” (structured) d€ phan biét véi khong st dung cAu
tric trong CBSM.

1.1.5. Panh gia cac phwrong phap mé hinh kénh cho mMIMO

Theo [9], mot md hinh kénh nén dugc danh gia qua ba thong sb: tinh chinh xic thé
hién su tuong dong ctia kénh dugc md hinh héa va kénh thuc, do phiic tap thé hién thong
qua khdi lugng tinh toan can dé tao ra mot md hinh kénh, va tinh téng quit dudi dang
kha ning mo hinh kénh phu hop véi nhiéu kich ban kénh truyén khac nhau.

Cing theo danh gid trong [9], nhom tac gia da chi ra: kénh xac dinh cho do chinh
xédc cao nhung do phiic tap tinh todn ciing cao va tinh tng quat thap; kénh CBSM cho
c4 ba thong sd déu thip nhung lai rat thuan tién trong phén tich; va cudi ciing 1a kénh
GBSM cho dd chinh xdc vita di, do phtc tap trung binh va tinh tdng quat cao.

T nhiing phan tich trén, luan van lya chon hai mo hinh kénh don gian v6i muc
dich giam do phuc tap tinh toan trong cac nghién ctu tai cac chuong sau. Hai mo hinh
kénh truyén ngiu nhién nay 12 i.i.d Rayleigh (khong st dung ciu triic) va NGSM (cé
cau triic) duge st dung phit hop véi céc nghién citu ly thuyét vé udce luong kénh truyén
tiép theo.
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1.2. Cac phuong phap nhan dang hé thong MIMO kich thudc 16n

Ngay nay, cdc thuit todn uSc lugng kénh truyén khong diy di dat dudc cac buse
tién dang ké vé do chinh xdc. Dua trén dic diém clia cdc thuit todn co thé chia thanh bon
hudéng nhu trén hinh 1.3, bao gdm: phuong phap khong mu (NB), mu (B), ban mu (SB),
va dua trén hoc may, hoc sau (Al-based) [52].

{Céc phuong phap nhan dang kénh truyén khong déy}

Phuong phap khong mu | | Phuong phap mu Phuong phap ban mu | | Hoc may/Hoc sau

- St dung dit ligu - Xac dinh - St dung mdt phan | |- Hoc ¢d dién
+ Dua trén Pilot *FA [13] dit liéu [23, 24, 40] * Hoi quy [47]
*ZF [58] - Tinh thong ké - St dung DoA/ - Mang no-ron
* MMSE [18] + Bac hai [49] DoD [55] * DetNet [45]
* Maximum * MRE [12] - St dung vi tri [28] | | - Hoc ting cudng
leellhOOd: [29] + Bac cao [3] * Q_learnjng [36]
- Hudng quyét dinh [37]| | * CMA [50]
+ Quyét dinh ciing

+ Quyét dinh mém

Hinh 1.3. Phan loai c4c phuong phép udc lugng kénh truyén vién thong.

1.2.1. Nhan dang kénh khong mu

Nhu trén hinh 1.3, céc phuong phdp nhan dang kénh khong mu ¢6 thé chia 1am hai
nhém chinh, bao gdm céc phuong phép sit dung pilot (Pilot-assisted) [52] va c4c phucong
phép dua trén huéng quyét dinh (Decision-directed) [37]. Véi Pilot-assisted, cac ky hiéu
pilot dudc chén truc tiép vao khung dif liéu gti di, bén thu biét ca thdi gian, vi tri, v
gia tri gbc clia cac ky hiéu pilot nay. Tur d6, bén thu c6 thé uéc luong ra dnh hudng ciia
kénh truyén dén cac tin hiéu pilot va ndi suy ra anh hudng ctia kénh truyén dén toan bd
dit liéu con lai. Cac gidi thuat phd bién dudc st dung cho phuong phép Pilot-assisted c6
thé k& dén nhu bo phét hién ép khong (ZF - Zero Forcing), 16i binh phuong trung binh
t6i thiu (MMSE - Minimum Mean Square Error) [18]. Hai giai thuat nay 12 gidi thuat
tuyén tinh va dudc trinh bay chi tiét & phia dudi. Tuy phd bién va dugc ap dung trong
cac hé truyén thong thuc t&, nhung cic phuong phap st dung dit liéu dé& udc luong kénh
truyén c6 mot nhudc diém d6 1a gidm hiéu qua st dung phd do mot phan bing thong bi
lang phi d€ truyén tai cac dit liéu huin luyén (pilot).

Phuong phap udc lugng kénh truc tiép quyét dinh (DDCE - Decision-directed
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Channel Estimation) ciing dua trén viéc st dung dit liéu, tuy nhién, thay vi uéc lugng
kénh truyén chi trong mot buéc, DDCE c¢6 thém mot budc nita [52]. Cu thé, tai buée
mot, DDCE van u6c luong kénh truyén dua trén phuong phap Pilot-assisted. Sau do,
khoi phuc céc tin hiéu dua trén trang thai kénh truyén vira uéc lugng dudc. O budc tiép
theo, cac dit liéu méi dugc khoi phuc sé tiép tuc dudc dua vao thuit toan uée lugng nham
cip nhat trang thai thong tin vé kénh truyén, cho dén khi cic ky hiéu trong mot phién
dugc truyén hét. Tuy nhién, phuong phap DDCE c¢6 diém han ché 13 qu4 trinh udc lugng
bi phu thudc vao céc dit liéu cii, dan dén viéc, c6 thé kénh truyén hién tai khong con
tuong ting v6i cac dif liéu tii thoi diém qua khi. Diéu ndy din dén cic 16i tich liy va lam
giam hiéu ning ctia hé thong nhan dang.
Bo nhan dang ZF

Thuat to4an nhan dang tuyén tinh thudng dua trén cac phép bién ddi tuyén tinh cac
tin hiéu nhan dudc x. C4c giai thuat nay thudng c6 do phtc tap thip hoic trung binh. Tuy
nhién, do phtc tap sé ting 1én néu hé thong c6 sd chiéu 16n, vi du sb luong dng-ten T
hay L rat 16n trong mMIMO dén dén phép nghich dio ma tran tiéu ton nhiéu tai nguyén

tinh toan hon. Mot bo nhan dang tuyén tinh c6 thé biéu dién bdi:
s — Gx (1.11)

ZF 1a thuit todn don gian nhét trong cdc bd nhan dang tuyén tinh. Trong d6, ma
tran kénh truyén H sé dugc nghich dao dé loai bé dnh hudng ctia kénh truyén. Ma trin

lam bing Gz cia bd nhan dang ZF nhu sau:
-1

Gyp = (HHH> H (1.12)

V6i Gz, tin hiéu gbc dude khoi phuc/ude luong bdi cong thiic:
~1

S (HHH) Hx (1.13)

Bo6 nhan dang MMSE
Hiéu nang cia bo nhan dang ZF thutng bi anh hudng bdi tap am AWGN. Do vay,

bd nhan dang MMSE két hop thém thong tin phuong sai ctia nhiéu trudc khi nghich dao

ma trin dé dat dudc do chinh xac cao hon. Ma tran lam bang G ;175 ciia bd nhan dang
MMSE dugc bi€u dién dudi dang:

9 -1
Guuse = (HEFH+ 2 1) HE (1.14)
E(s)
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v6i o2 1a phuong sai ctia nhiéu AWGN, E(s) 1a cong suat trung binh ctia mdi ky hiéu gt

di, va I1a ma tran don vi. V6i G zar55, tin hiéu gbc dude khoi phuc nhu sau:

) -1

Sumse = (HIH+ 2 1) Hx (1.15)
E(s)

C6 thé nhan thiy ca hai bd nhan dang ZF va MMSE déu can cé4c chudi pilot d€ uée
lugng kénh truyén truée khi uéc lugng tin hiéu gbc.

1.2.2. Nhan dang kénh mu

Céc ky thuat nhan dang hé thdng (giai mi, cin bang) mu da dugc biét dén tir dau
nhitng nim 1980. Theo [52], c6 thé chia cac thuit todn mu vao hai nhém chinh. Thi
nhit 12 c4c k¥ thuat u6c lugng kénh truyén dua trén dic tinh thong ké& ctia tin hiéu thu
dudc, c¢6 thé 1a dic tinh théng ké bac hai (SOS - Second-order Statistics) hoiic bac cao
(HOS - Higer-order Statistics). SOS c6 uu diém la yéu cau luong dit liéu it hon dé€ c6
dudc cac udc tinh thong ké& dang tin ciy tuong duong véi phuong phap HOS. Mot vi du
cua SOS la thuat toan MRE (Mutually Referenced Equalizer) [12]. Trong khi d6 thuat
toan md-dun khong ddi (CMA - Constant Modulus Algorithm) [50] thudc dang thong
ké bac cao. Thuat todn nay khai thac dic trung 1 gia tri mod-dun khong déi clia cic tin
hiéu phtc khi st dung cac bd diéu ché nhu: diéu ché pha s6 (PSK - Phase-shift Keying)
hay diéu ché bién d6 cau phuong 4 diém (4-QAM - Quadrature Amplitude Modulation).

Nhoém ky thuat thd hai d6 1a khai thac cac thong tin da xac dinh cua tin hiéu hoac
hé thong. Trong [6], nhém tac gia st dung dic trung thua (sparsity) cla tin hiéu thuong
xuét hién nhiéu trong cdc kénh truyén mMIMO hay budc séng mi-li-mét (mmWave
- Millimeter wave) hién nay. Bang cach st dung tinh chét thua, céc tin hiéu gdc c6 thé
dugc khdi phuc trong trudng hop hé thong dudi mic xac dinh (underdeterminied). Trong
mot s6 diéu kién cu thé, viéc d4p dung rang budc thua ¢ thé 1am cai thién hiéu ning ctia

viéc nhan dang hé théng mu.

1.2.3. Nhan dang kénh ban mu

Céc phuong phap nhan dang kénh ban mu c6 dudc tir su két hop clia cac ky thuat
khong mu va mu truyén thong. Gidi phdp nay dudc ky vong sé ting do chinh xac ctia
ky thuat khong mu hodc giam di lugng pilot can thiét ma van bu dip lai dudc do chinh
x4c bang cac thong tin tif k§ thuat mu mang lai. Cach tiép can don gian nhat dé 1a két
hop truc tiép cac bd nhan dang nhu ZF, MMSE véi cic thong tin thong ké SOS, HOS
da dugc trinh bay & trén. Cac cong bd [23, 40, 53] di theo hudng tiép can nay déu cho ra

cac két qua vuot trdi khi so v6i véi NB truyén thong trong mot s6 diéu kién nhit dinh.
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Ngoai ra, viéc két hop cdc thong tin xic dinh clia cdc bd can bing mu nhu dudc trinh
bay & muc 1.2.2 ciing 12 cdc huéng nghién ciu tiém ning trong tuong lai.

Ngoai cdc dic trung ctia tin hiéu, cdc thong tin bén 1& (side-information) ctia hé
thong thu phét ciing c6 thé dudc xem xét d€ cai thién kha ning nhan dang kénh truyén.
Mot so thong tin hitu ich c6 thé la: st dung thém thong tin huéng séng dén/di nhu
trong [55], nhém tac gia da dé xult st dung DoA cia cidc ngudi dung khac nhau dé
gidm thiéu/loai bd su dnh hudng clia & nhiém pilot (PC - Pilot Contamination), qua d6
hiéu suét clia viéc nhan dang kénh truyén da dudc cai thién. Trong [28] dé xuit sit dung
thong tin vé toa do/vi tri (location) ngudi ding dé danh gid ddp ting tan s6 kénh truyén
mmWave. Két qua md phdng cho thiy ca do chinh xac va do phiic tap ctia mo hinh uéc
lugng déu giam di khi c6 thém loai thong tin bén 1 nay.

Céac phuong phdp nhan dang hé thdng st dung céc thong tin khic véi thong tin tir
cac ky hiéu pilot nhu trong huéng tiép cin ban mu k€ trén dudc goi 1a tri thiic méi [35].

1.2.4. Nhin dang kénh sir dung hoc may

Nhan dang kénh truyén st dung ML/DL 12 hudng tiép cén tién tén trong cic nim
trd lai day. Day 1a két qua dat dudc tf sy thanh cong trude dé trong viée xi ly cac loai tin
hiéu Am thanh, hinh 4nh st dung cidc mang hoc sau. Viéc chuyén tiép cac ky thuat sin
c6 nay sang vién thong x4y ra nhanh chéng va budc dau cac nghién cifu da chi ra cac két
qua tiém ning. Diém khac biét ctia hudng tiép cin niy 1a n6 bao ham dugc ly thuyét ciia
c4 ba huéng tiép cin ké trén bao gdbm mu, ban mu, va khong mu. Tuy nhién, thay vi viéc
tim céc phuong phép ti uu va nghiém chinh x4c, ML/DL sit dung cac thuat toan ML
cd ban, mang nd-ron (NN - Neural Network), hay hoc tang cudng (RL - Reinforcement
Learning) v6i dau vao clia cac hé thong nhan dang st dung phuong phap B, SB, NB.

Cac phuong phép st dung hoc mdy c6 dién dé nhan dang kénh truyén dugc phat
trién trudc tién, do do phic tap & mic thip. Trong [47], viéc udc luong ma tran 1am
biang Gsarge dude thay thé bang thuit toan hdi quy Gauss (GPR - Gaussian process
regression). Cac uu diém ctia GPR nhu: (i) ty 1& 16i bit (BER - Bit Error Rate) thip hon
MMSE truyén thong; (ii) ndi suy chinh xdc hon udc tinh kénh & gitta cac ky hiéu pilot so
v6i k¥ thuat ndi suy tuyén tinh. Ngoai phuong phap hdi quy, céc gidi thuat c6 dién cia
hoc mdy nhu gidm s6 chiéu cta di liéu (PCA - Principal Components Analysis, ICA -
Independent Component Analysis), hoc Bayesian ciing dugc dé xuat va cho thiy su hiéu
qua [52].

Céc phuong phap nhan dang st dung mang nd-ron con ¢ nhitng budc tién ro rang
hon, khi NN phtc tap hon va sb luong tham sb dao tao ciing 1a rit 16n dé dap tng ducc
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cac md hinh kénh phtc tap. Cac nghién ciu trong muc 1.2.3 nhu [28, 53] ciing st dung
cac thong tin bén 1é cho SB nhung thay vi phuong phdp tdi uu dai sd, cdc mang no-ron
sau (DNN - Deep-neural network) da dudc dé xuat dé udc lugng kénh truyén. Mot trong
nhiing mang DNN dau tién dudc dé xuat cho viéc nhan dang hé théng MIMO/mMIMO
d6 12 mang phat hién (DetNet) [45]. Véi kién tric 13 cac phép lip clia thuit todn giam do
dbc (gradient descent) hgp thanh mot mang. DetNet da cho két qua vé do chinh x4c vuot
trdi cac phuong phap nhan dang tuyén tinh & mic BER dat 10~ dB tai ty s6 cong suét
tin hiéu trén cong suat tap am (SNR - Signal Noise Ratio) 10 dB. Tuy nhién, do sb lugng
tham s6 cAn huin luyén 13 16n nén qud trinh dao tao sé tén chi phi, tir d6 mot sd mang
dua trén ISD khéc da dudc dé xuét [27, 30] v6i do chinh xdc tét hon DetNet nhung sb
lugng tham sb dao tao chi dudi 100. Ngoai ra, rat nhiéu cdc mo hinh mang NN khdc da
dugc dé xuit, nhu mang tri nhé dai han/ngin han (LSTM - Long/Short-term Memory),
b0 tu ma hoa (Autoencoders), ... [52].

Tuong tu nhu hai phuong phép ké trén, RL ciing dugc dua sang tng dung cho nhan
dang kénh truyén. Trong nghién cifu [36], nhém céc tic gid da trinh bay mot phuong
phap kht nhiéu trén mién tan s dua trén RL, khong can kién thic kénh tién nghiém va
dit liéu dudc dan nhin trude. Cu thé, thuit todn cung cip mdt cai tién dang k€ so vdi
phuong phap udc lugng binh phuong tdi thiéu (LS - Least Squares) va mang lai hiéu suét
tiém can v6i u6e lugng 16i binh phuong trung binh tbi thiéu tuyén tinh (LMMSE - Linear
MMSE) Iy tudng vdi toan bod thong tin vé trang thdi kénh.

1.3. Két luan chuong

Trong chuong ndy, cdc mo hinh kénh truyén cho hé théng mMIMO dudc trinh bay
dé xem xét, Iva chon mo hinh phit hdp vé6i nhitng nghién ciu ly thuyét trong luan vin. Tir
cac khao sat, hai mo hinh kénh truyén i.i.d Rayleigh (khong st dung céu tric) va NGSM
(c6 chu triic) dugc lua chon dé€ dp dung cho céc chuong tiép theo. Bén canh do, mot s6
ky thuit nhan dang ngudn theo huéng “tri thiic mdi” nhu nhian dang ban mu va nhan
dang dua trén ky thuat hoc mdy cting dugc gidi thi€éu s6 bo va s€ dudc nghién ctu chi
tiét & chuong 2 va chuong 3 ctia luin vin.
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CHUONG 2

PANH GIA ANH HUGNG CUA CAU HINH MANG ANG-TEN TRONG
NHAN DANG HE THONG MIMO KiCH THUGC LON

Trong chuong nay, tic gid sé xem xét su anh hudng clia cic cAu hinh mang ing-ten
khac nhau dén sai s6 ctia viéc u6c luong kénh truyén trong cac hé théng mMIMO. Pau
tién, mo hinh kénh truyén c6 céu triic cho hai cau hinh mang dng-ten 1D va 3D sé dudc
gi6i thidu. Sau d6 1a trinh bay vé viéc sit dung CRB dé€ udc luong sai sd trong cic bd
nhan dang st dung pilot va SB. Céc két qua mo6 phdng dudc dua ra d€ cho thiy hiéu qua
ctia mo6 hinh kénh truyén c6 cau tric, mang dng-ten 3D (UCyA), va phuong phéap udc
luong SB trong viéc nhan dang hé thong vién thong.

2.1. M6 hinh kénh truyén cé clu tric véi cac cAu hinh mang ing-ten khac
nhau

M0 hinh todn hoc ctia mot hé théng mMIMO st dung diéu ché ghép kénh phan
chia theo tan s6 truc giao (OFDM - Orthogonal Frequency-division Multiplexing) véi K
s6ng mang con trong kénh dudng 1&én gdm T Ang-ten phat va L dng-ten thu (gia thiét cac
dng-ten 1a vo huéng). Mbi ky hiéu OFDM bao gdm K ky hiéu dit liéu va mot phan tién
t6 vong (CP - Cyclic Prefix). Gia sit d6 dai ctia CP 16n hon hoic bang thdi gian tré t6i da
ctia kénh truyén (coherent time). Tai dng-ten thu thi /, sau khi da loai b thanh phan CP
va thuc hién bién ddi Fourier (FFT - Fast Fourier Transform), tin hiéu dau ra tai Aing-ten

thu thit [ (x;) dudc biéu dién nhu sau [24]:
T-1 7
xp =Y FT (huy) S W (2.1
=0

trong d6 F dai dién cho ma tran Fourier rdi rac, gom K diém va T 13 ma tran lip lai cda
his- Tiép dén, s; 1a ky hiéu OFDM thit k ¢6 do dai K va w; € C**! la tap am AWGN ¢6
dang i.i.d phan bd Gauss €N (0,021;). Cudi cung, Ay 1a h¢ s0 kénh thudc ma tran kénh
truyén dudc biéu dién dudi dang véc-to h € CLT*1,
-
h— [hT,hT,...,hT_ ] ,
0 L1 2.2)

by = [hio, b, hiroa] |
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Gia st rang M 12 s6 luong dudng truyén giita mot cip dng-ten phat, thu. Dua trén hudng
tiép can md hinh kénh truyén cé céu tric, h;+ dugc md hinh tuong ung v6i M dudng
truyén, mdi dudng truyén bao gom hé s6 khuéch dai phiic va véc-to ldi (¢ - steering) nhu

sau:
M-—1 M-1
hl,t _ Z /Bm7t64,0m,t _ Z /Bm,t . e—zkscz(em,t,qu,t) (2.3)
m=0 m=0

tai tia thit m, hé sd 3 biéu dién cho hé s6 khuéch dai phiic. Géc ngang va géc phuong vi
clia huéng séng dén (DoA)! 1an luot 12 6, ¢. Cac ky hiéu con lai trong phuong trinh (2.3)
lan lugt 1a:

ks =21/

c1(Omt, dmi) =€ - ¢ 0.4)

€ = sin by, ¢ COS Py 1@ + Sin Oy, ¢ SIN Gpy 1Y + COSOpy 1 2
c =TT + Yy + 22
trong d6, \ 12 bu6c séng; ¢ la véc-to don vi trong hé toa do dé-cac (Descartes) ba chiéu

ctia DoA; va ¢; 1 vi tri clia phan t thif [ trong mang dng-ten bén thu ing véi toa do

(1, Y1, 21)-
15 s et * T e
h v\' \\‘
\.~ r+
1 o cegrtm=z" :ddD
1 A
. v\' \\i
~< — .
w % ";::.-_—:-_.gza
0.5 05 . ® e
'\\ ’\‘
.. .";:a‘—‘::'_-gz_‘
0 _,.” 0 ‘ "‘\
1 dap —.__,.-"’ 1 ‘ »
0.5 - 5 0.5 L e 1
0 5 0 " dap 0.5
0.5 1 0.5 05
y(A) 10 z(\) y(N) 1o ()
(a) Mang thang cach deu (b) Mang tru cach déu

Hinh 2.1. Minh hoa hai cau hinh 1D va 3D ciia cdc mang dng-ten.

Hai c4u hinh ciia cic mang dng-ten mang thang cac déu (ULA) va ciu hinh mang
tru cach déu (UCyA), biéu dién trén hinh 2.1, dudc khao sat trong luin vin. Ung véi
mang 1D, ULA 14 méng #ing-ten thang don gian nhit c6 N4 phan tif cich déu nhau
mot khoang dap. Ung v6i mang dng-ten 3D, ciu hinh UCyA gdm Nsp 16p clia Nycia
phan ti thuéc mdt mang tron cach déu (UCA - Uniform Circle Array) dudc xem xét. V6i

P& don gian hod, thong tin vé DoD dudgc coi 1a khong biét trudc tai bén thu clia kénh dudng 1én.
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khodng cach giita cdc phan tif trong mang UCA ciing 1a dop va khodng cach giita cac 16p
cua UCyA la dzp theo huéng doc truc z. T d6, ban kinh r cia mang vong UCA dudc
tinh nhu sau:

1/2 - dsp

"7 sin(n/Nuca) 2

Toa dd (¢;) clia céc phan tif trong hai cAu hinh méng dng-ten néu trén 1a:

(

] =nyra* dap

c(ULA) = qy, =0 (2.6)
Z] =0
( . 9
zp =1 *sin(nyca * yor)
c/(UCYA) = § y; = 7 * cos(nyca * N?JZ‘A) (2.7)
| 21 = n3p * d3p
VéinULAZO,l,...,NULA—1;nUCA:0,1,...,NUCA—1,Vén3D:O,1,...,N3D—1.

2.2. Puong bao Cramér Rao cho giai thuit nhin dang hé thong khong mu va
ban mu
Trong muc ndy, tic gia sé trinh bay vé phuong phdp danh gid hiéu ning s dung
CRB cho ca hai md hinh kénh truyén c6 céu tric (structured) va khong st dung ciu
tric (unstructured) trong cac hé thdng mMIMO. Sau do, so sanh hiéu ning ctia hé thong
trong cac trudng hdp: (i) st dung pilot (OP - Only Pilot); (ii) ban mu (SB) st dung thém
mot phan thong tin tir diic trung thdng ké cta dit liéu, dua trén dudng bao Cramér Rao.

2.2.1. CRB trong truong hop chi sur dung pilot

Nhu trinh bay & phan m& dau ctia luan viin, viéc st dung cac ky hiéu pilot hay tin
hiéu tham chiéu d€ udc luong su anh hudng cta kénh truyén vo tuyén la phuong phéap
ma WiFi hay 5G dang st dung. V& ¢ ban, trong céc bd truyén nhan OFDM, K, ky hiéu
pilot s& dudc chén vao doan dit liéu truyén di va cd bén thu va phat déu biét truée cac gia
tri cla cdc ky hiéu pilot nay. Bén thu khai thic cac ky hiéu pilot thu dugc dé udc luong
kénh truyén, tif d6 tinh ma tran nghich dao dé€ khdi phuc lai tin hiéu gbc. Tuy nhién, chua
c6 thuat todn nao c6 thé cho do chinh xac tuyét d6i trong viéc nhan dang kénh truyén vo
tuyén thuc. Do d6, cac chuén truyén thong chi dua ra phuong phép 14 ting/giam sb lugng
pilot khi kénh truyén & cdc trang thai khac nhau. Viy nén, d€ so sanh hiéu suét lam viéc
ctia cac giai thuat, duong bao Cramér Rao [20] c6 thé dugc st dung. CRB cho két qua 1a
16i uwéc luong thap nhit ma mot thuit toan udc lugng khong 1éch c6 thé dat dudc. Pudng
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bao nay thuong dudc st dung rong rii trong cac bai toan tdi uu va danh gid 16i uSc lugng

cla cdc thuat toan. Biéu dién ctia CRB nhu sau:
CRB(©) = Jgg (2.8)

trong do, Jee la ma tran thong tin Fisher (FIM - Fisher Information Matrix) véi © la
cac véc-to tham s khdng biét trude can dude udc lugng.

CRB cho mé hinh kénh khéng sit dung cu tric

Trong m6 hinh kénh khong st dung cu triic, © ~ h [24], FIM chi phu thudc vao
cac ky hiéu pilot nén sé dugc ky hiéu 1a Jig . Tir d6, cac tham s6 can duge ude lugng sé
ducc biéu dién nhu sau [31]?:

© = [hT, (h*)T] (2.9)
Trong cdc hé théng mMIMO-OFDM, K, ky hiéu pilot s& dudc sip xép trong céc

ky hiéu OFDM [11] va do gi4 thiét tap 4m 12 mot qua trinh ngau nhién i.i.d., FIM trong
truong hgp OP thu dugc nhu sau:

K,
Too = I5e (2.10)
i=1

v6i J§ o 12 FIM tuong ting véi pilot thi  [20] dudc cho bdi:

e :E{(““pa(g(f)’m) (aln%(gf)’h)y} @.11)

trong d6 E 1a todn td ky vong; p(x(i),h) 12 ham mat do xac suit (PDF - Probability

Density Function) ctia tin hiéu nhan dudc da biét h. Phuong trinh (2.11) gdm cic phép

dao ham s6 phtc, nén c6 thé biéu dién dudi dang:

i)Hs(i
g = S0 s0) (2.12)

2
Ow

CRB cho mé hinh kénh cé cu triic

M0 hinh kénh ¢6 céu tric nhu trén phuong trinh (2.3), cac phan tii trong ma trin H
dugc biéu dién dudi dang cic tia c6 hé s6 khuéch dai phic, véc-td 1ai khic nhau. Véc-to

2Cong suét nhiéu dugc bd qua (02,) do 16i udc lugng clia tap am khong dnh hudng dén h.
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tham c6 kich thuéc 47M x 1 can dudc uSc luong 1a:
T #*\ | T T T
o=, B o ¢ (2.13)

véi B = [Bop, - 75M71,T71]Ta pB* = [53,07 . 757\417T1}T, 0 = [0, --- 7(9M71,T71}T,
VA = [¢00, ..., dn101] 1An lugt twong ting 1a cdc véc-to ¢6 kich thuée TM x 1
ctia hé sb khuéch dai phiic, lién hop phiic ctia hé sd khuéch dai phiic, géc ngang, va géc
phuong vi ctia DoA. Dua trén phép chuyén ddi clia viéc dao ham theo cic tham sb ké

trén, FIM (J%, ) clia kénh truyén h trén (2.2) sé la:

oh oh !
v6i
oh oh Oh 0Oh Oh
— === =, 2.1
00 {66’ op*’ 00’ aqj 2.15)
Chi tiét hon, dao ham riéng theo 3 & phuong trinh (2.15) c6 dang nhu sau:
oh T
9= | B]. B, ... B], | (2.16a)
Bl = diag ([31707 Bl,17 ceey Bl,T71]> (216b)
T
Bu=| G G o o (2.160)

Céc dao ham riéng cua hy; theo B¢, By, 1, Om,t, Om,e dudc biéu dién chi tiét trén cac

*
m,t»

phuong trinh (2.17).

Ohy

ot = % (1= i) - e~ ikect(mebm) (2.17a)
m,t
oh 1 ,
aﬁi,tf/ _ 5(1 4 Z) ) e—lkSCl(am,hd)m,,t) (217b)
m7
ahl’t . . . —jksci(Om,t,0m,t)
00, 1 = B, t|—1ks(COS Ot COS Py 127 + COS Oy 1 SIN Py 1y — SIN Opyy 1 27)] - €T Tmat Pt
m,
(2.17¢)
oh .
8§b l’tt - Bm,t[_iks(_ sin em,t sin Qbm,txl + sin em,t COs ¢m,tyl + cos em,tzl)] ’ e_lksq(am’t’d)m’t)
m,
(2.17d)

véi 7 tuong dng 12 don vi 4o trong cac sb phiic.
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2.2.2. CRB trong truong hop ban mu

Theo huéng tiép can SB, ngoai st dung cac ky hiéu pilot, cdc bd nhan dang con
st dung thém thong tin tif cac ky hiéu dit liéu (data) khong biét truc trong viéc udc
luong kénh truyén. Trong phan nay, gia thiét ring cac ky hiéu pilot va data trong ky hiéu
OFDM la doc 1ap vé miit thong ké.

CRB cho mé hinh kénh khéng sit dung cu triic

FIM cua phuong phap SB ¢6 thé dudc bi€u dién don gian 1a tdng cua FIM tif cac
ky hiéu pilot va FIM tu cac ky hiéu data nhu dudi day:

Joo =T +J5e (2.18)

véi J& g tuong tng 1a FIM cua céc ky hiéu data chua biét trude va J§ g 1a FIM ctia
cac ky hiéu pilot nhu da dugc trinh bay trén phuong trinh (2.10). Gia st K; ky hiéu
data 13 i.i.d v6i trung binh théng ké 14 0 va thong tin bac hai 12 ma tran hiép phuong sai
C. = diag (02). Trong d6, 02 < [62 ..., 62 ]' v6i 02 1a cong sudit truyén tai dng-ten

thu ¢. Ma tran hiép phuong sai Cy la:

Cx =Y 0ZAA! +021kr (2.19)
t=0

trong do, I, 1a ma tran don vi ¢6 kich thuéc KL x KL va A dudc dinh nghia la:

A=[Ao, AL, A1) (2.20)

.
At = [)\()715, )\1715, c. ,AL,Lt}

Vi Ay, = diag (Fohs) trong d6, Fy la cot dau tién clia ma tran F. FIM cla cdc ky hiéu
data c6 dang nhu sau:

d Jﬁh Jﬁh*
J@@ — Kd d d (221)
§ (SN [

Theo [20], FIM J& ¢ cta céc ky hiéu data sé dugc bién ddi vé dang cubi cung 1a;

oC 9Cx\ "
d o -1 X ~—1 b'e
Jee = trace {CX o Cy < o ) } (2.22)

trong do, %—(ﬁ%‘ = )\Cs% va trace 1a toan td tinh t6ng cac thanh phan trén dudng chéo
clia mot ma tran. Néu st dung mo hinh kénh khong st dung ciu triic, CRB clia phuong

phap SB sé 1a nghich dao ctua phuong trinh (2.18).
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CRB cho mé hinh kénh cé cau triic
Néu st dung md hinh kénh c¢6 ciu tric, CRB clia phuong phap SB dudc tinh bing
nghich dédo FIM (J{P) duéi day:

yop _ Oh 1op 0T
hh Bre) @@ag

(2.23)
2.3. M6 phong va danh gia

P& xem xét 4nh hudng ctia cau hinh mang dng-ten trong hé théng mMIMO, ba
kich ban md phong sé dugc xem xét. Cu thé, CRB ciia viéc udc lugng kénh truyén khi:
(i) SNR thay déi; (ii) s6 luong céac 16p N3p clia cAu hinh UCyA thay ddi; (iii) s6 luong
phan ti Nyyc4 clia mot mang tron UCA thay ddi. Cac thong s mo phong clia hé thdng
truyén thong MIMO kich thuéc 16n dudc st dung c6 tai bang 2.1 [48]. Do cdc mo phéng
yéu cau tai nguyén tinh toan 16n (dic biét 1a dung lugng RAM), nén hé mMIMO trong
bang 2.1 tuy c6 sb lugng phan tif dng-ten thu c6 thé 1én dén 256 nhung chua dap tng
dugc yéu cau vé sd luong ngudi dung tai mot thdi diém nhu trong [25]. Két qua mo
phdéng dudc 14y trung binh ctia 1.000 1an chay va cdc CRB dudc chuin hod duéi dang
log;o(CRB).

Bang 2.1. C4c tham s6 mo phong hé thdng truyén thong khong day dé udc luong CRB.

Théng s6 md phong Gia tri
S6 ing-ten phat T=2
Khoéng céch giita cac phan ti ding-ten dop = d3p = \/2
S6 luong cac dudng truyén M=14
SO séng mang con K =64
So ky hiéu pilot, data K, =16, K4 =48
Hé s0 khuéch dai phiic f~ CN(0,1)
Goc phuong vi ciia DoA ¢° ~U(—7/2,7/2)
Goc ngang ctia DoA 0° ~U(—m/2,7/2)

Trén hinh 2.2, s6 Iugng phan ti ctia mang thu MIMO kich thudc 16n 1a 96 trong d6
Nyra = 96, Ngyca = 24, va N3p = 4. Nhin chung, sai s6 udc luong ctia mo hinh kénh
truyén c6 cau triic vuot trdi khi so sanh v6i mo hinh kénh truyén khong st dung céu tric
v6i dd 16i khoang 103. Khi so sanh hai phuong phép udc lugng SB va OP, § cac miic
SNR thip (SNR < 5 dB), phuong phap SB ap dung cho md hinh kénh truyén khong st
dung céu triic ¢ thé cho sai sd thip hon mot chiit khi so sanh véi viéc chi st dung pilot
ctia OP. V6i mo hinh kénh ¢6 ciu triic, phuong phap SB van cho CRB t6t hon & cac miic
SNR thép, va giit  miic &n dinh khi SNR > 5 dB. Tiép dén 1a so sanh vé 4nh hudng clia
ciu hinh mang dng-ten, ciu hinh UCyA cho d6 chinh x4c cao hon so v6i ULA & ca hai
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—— Unstructured: OP — % = Unstructured: SB

—0O— Structured ULA: OP = O =Structured ULA: SB
—O— Structured UCyA: OP - ¢ —Structured UCyA: SB

Normalized CRB

SNR (dB)

Hinh 2.2. CRB ctia hai ciu hinh ULA va UCyA ting véi mo hinh kénh truyén c6 cu tric
(structured) va khong st dung cau tric (unstructured). Cau hinh cia mang ang-ten nhu
sau Nypa = 96, Nyca = 24, va N3p = 4.

phuong phap u6c lugng OP va SB. C6 thé riit ra nhan xét, viéc st dung mo hinh kénh
truyén c6 cAu tric, phuong phap udc lugng SB, va cAu hinh mang ing-ten 3D (UCyA)
c6 thé cho ra do chinh x4c cao hon cho cic bd nhan dang ctia hé thong mMIMO.

Trén hinh 2.3, sb lugng cic 16p N3p ctia cAu hinh UCyA dudc khao sét bing cach
gilf nguyén s6 phan tif thudc mang vong Nyca = 24 va SNR = 5 dB. Mot 1an nita, cac
CRB chi ra riang véi N3p khac nhau, mé hinh kénh truyén c6 ciu tric hau nhu cé thé
cho ra sai s6 udc lugng thip hon mo hinh kénh truyén khong st dung cau triic. Xét riéng
md hinh kénh truyén khong st dung ciu tric, sé N3p ting 1én kéo theo sai s6 udc lugng
cling tang 1&€n du khdng qua 16n. Ngay ca khi st dung phuong phap udc lugng SB, do
chinh x4c thu dugc v6i mo hinh kénh c6 céu tric ciing gan nhu khong dudc cdi thién.
Ngudc lai, véi mo hinh kénh truyén c6 clu tric, CRB c¢6 xu hudng di xudng khi s6 16p
ctia mang UCyA ting cho dén khi tit ca hoi tu tai sai s6 khoang 10~°. Tai cac gid tri N3p
nhd, trong khoang tit 2 dén 6 16p, viéc st dung cau hinh UCyA nhin chung vén cho hiéu
qué dang ké so v6i ULA. Khi xem xét sy anh hudng ctia phuong phap OP hay SB trong

kich ban nay, rd rang khong c6 su khac biét qua rd rang néu N3p > 3. C6 thé rit ra nhan

25



10 T T T T T T T T
—#— Unstructured: OP — % = Unstructured: SB
—O0O— Structured ULA: OP = O =Structured ULA: SB
—O— Structured UCyA: OP — ¢ —Structured UCyA: SB
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Hinh 2.3. CRB cta hai ciu hinh ULA va UCyA khi thay d6i N3p. Cac thong s6 md
phong nhu sau Nyca = 24, Nypa = 24 * N3p, va SNR = 5 dB.

xét thit hai, st dung md hinh kénh truyén c6 ciu triic va ciu hinh mang UCyA c¢6 thé cho
hiéu suét u6c luong kénh truyén tét hon khi Nsp nhé. Tuy nhién, Iuu ¥ ring, ngoai Igi
thé vé do chinh x4c, khi s6 lugng phan ti trong mang 1én dén 240 nhu trong md phong,
ciu hinh mang UCyA sé gitip tiét kiém dudgc rat nhiéu dién tich 1ap dit mang Ang-ten.
Cubi ciing, trén hinh 2.4, s6 lugng phan tif cia mot mang tron UCA dudc thay d6i
trong khoang tif 8 dén 64 phan tt, trong khi gitt nguyén N3p = 4, Nyyza = 4 X Nyca, va
SNR = 5 dB. Do CRB ctia md hinh kénh truyén khong st dung céu triic chi bi anh hudng
bdi s6 lugng phan ti dng-ten nén cac CRB nay van giii nhu trén hinh 2.3. V6i mo hinh
kénh truyén c6 cu tric, CRB thay vi hdi tu tai mot diém sé c6 xu huéng gidm dan cling
v6i Nyyoa. Khi s6 phan tG Ny a dt 16n (Nyyoa > 24), cac CRB ctia UCyA cho do chinh
xéc tot hon mot cach tuyén tinh khi so sanh véi méang ULA. Phuong phép SB trong kich
ban md phéng nay nhin chung chi cho do chinh x4c t6t hon nhung khong nhiéu so véi
OP. C6 thé rit ra nhan xét thif ba, st dung mo hinh kénh truyén c6 céu triic va ciu hinh
méang UCyA c6 thé cho hiéu suit uéc lugng kénh truyén tét hon va ting dan véi Ny a.
Tuy nhién, can luu y dit cho do chinh xéc cao hon, nhung khi Ny;c 4 ting cao, ban kinh

ctia mang tron UCA 16n dan lai din dén lang phi dién tich lap dit mang dng-ten.
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Hinh 2.4. CRB ctia hai ciu hinh ULA va UCyA khi thay d6i Nyc 4. Céac thong s md
phong nhu sau N3p =4, Nypa = 4« Nyca, va SNR = 5 dB.

2.4. Két luan chwong

Trong chuong ndy, dudng bao Cramér Rao da dudc st dung dé€ xem xét anh hudng
ctia cac cau hinh méang dng-ten khac nhau dén sai s6 udc lugng kénh truyén trong cac hé
thébng mMIMO. Ly thuyét vé CRB cho viéc u6c lugng kénh truyén dugc trinh bay trong
hai trudng hgp, OP va SB. Céc két qua mo phdng da chi ra hiéu ning ciia viée udc lugng
kénh truyén c6 thé dudc cai thién rd rét néu st dung mo hinh kénh truyén cé ciu tric.
Ngoai ra, cAu hinh mang dng-ten UCyA va phuong phap SB ciing sé gop phan céi thién
do chinh xdc khi so sanh véi cAu hinh ULA va phuong phap OP truyén thong.
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CHUONG 3
NHAN DANG HE THONG SU DUNG MANG HOC SAU

Chuong nay trinh bay vé kién tric mang hoc siu ISDNN dugc dé xuit cho ca
hai mé hinh kénh truyén c6 cAu triic va khong st dung ciu triic da dugc trinh bay tai
chuong 2. Mang ISDNN dudc phat trién tir giai thuat ISD dugc dé xuét trong [30] két
hop véi cach tiép can md rong sau tai [27]. Kién triic mang dé xuét dudc so sanh véi

DetNet [44] 12 kién tric dugc md rong sau tif bo tdi vu MLE.

3.1. Gigi thiéu ve mang nd-ron siu va mé rong sau

Rx1 Pauvao Lop an Diu ra

1
aj

(a2)
SR RN s
KPS Akl XL
DI, \We, S E
: "\e@“v ‘@“v ‘@"*\
AN/
NN

Hinh 3.1. Minh hoa st dung DNN dé nhén dang hé thdng vién thong.

Trong chuong 1, cdc phuong phap nhan dang hé thong st dung cac phuong phap
ML/DL dugc chia lam ba loai, trong d6 phuong phap st dung cdc mang no-ron dang
dugc quan tam nghién ctiu. Cac mang no-ron sau dugc st dung rong rai trong cac ing
dung nhu x@ ly tiéng néi, ngdn ngit tu nhién, hinh anh, thi gidc mdy, tro chdi truc
tuyén [43]. Mudi nam trd lai day, da c6 nhiéu nghién cifu tng dung cic mang DNN
khdc nhau cho vin dé nhan dang hé thong vién thong khong day. Hinh 3.1 biéu dién
mo hinh minh hoa viéc st dung DNN dé udc luong kénh truyén va khéi phuc tin hiéu
gbc. C6 thé chia cac phuong phap nay thanh hai hudng tiép cin, bao gom hudng dit liéu
(data-driven) va huéng mo hinh (model-driven) [27]. C4c phudng phap data-driven truc

tiép hoc cdc dic trung tir mot tip 16n cac dit liéu (dataset) d€ phuc vu cho cic muc dich
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nhu u6c lugng kénh truyén, phan hdi CSI, ... Tuy cdc phuong phap data-driven déu cho
dd chinh x4c cao nhung van c6 nhiing thach thic khi yéu cau s6 luong mau rat 16n va kéo
theo do 1a thoi gian/chi phi cho viéc dao tao 16n. Cac phuong phap model-driven [15] c6
thé khic phuc mot phan cac han ché nay bang viée tdi uu/dua thém cac tham sb hoc vao
cdc kién triic ¢6 sdn dé€ két hop uu diém cla data-driven va cdc mo hinh toan hoc truyén
théng.

Gan day, k§ thuat md rong sau [57] 1a mot giai phdp tiém ning dé€ chuyén céac gidi
thuat truyén thoéng thanh cac kién triic mang DNN theo huéng tiép cin model-driven.
Chi tiét vé md rong sau dudc trinh bay tai [16], cac phuong phdp yéu cau cac vong lip
di 1ap lai (iteractive inference) c6 thé dé dang chuyén ddi sang cdc 16p clia mot mang
NN. Sau d6, st dung cac gidi thuat gidm dan do doc (GD - Gradient Descent) dé dao tao
tham s6 trén cac 16p mang. Sau K 16p dao tao tuong tu nhu K vong ldp trong thuit toan
gbc, mod hinh c6 thé dat dugc muc tiéu mong mudn. Vi du, DetNet [44] 12 mot mang
DNN dua trén viéc md rong sau bd nhan dang MLE va st dung gidm dan do doc du kién
(PGD - Projected Gradient Descent) [7]. Trong muc tiép theo, mang nd-ron sau DetNet
sé dudc gidi thidu ngan gon va két qua ctia DetNet sé dudc so sanh véi kién tric mang

dé xuat.
3.2. Mang no-ron sau DetNet
Van st dung md hinh hé théng mMIMO da trinh bay & phan 1.1.1.

x=Hs+w 3.1)

Céc phan t trong ma tran kénh truyén H dudc bi€u dién dudi dang sd phiic, dai dién
cho c anh hudng vé bién do va pha gy ra bdi kénh. Cach biéu dién nay phi hop trén ly
thuyét, cac phuong phép gidi tdi uu, va cidc phan mém mo phdng nhu Matlab. Tuy nhién,
trong hoc mdy/hoc sau, cac gia tri sd phiic thudng dudgc tach riéng thanh phan thuc (R)
va phan 4o (3). Quad trinh hoc ctia thanh phan thuc va 3o thudc mot gid tri sd phic ciing
dugc tach riéng biét, qua dé phat huy 1¢i thé cia ML/DL. Bén canh d6, cic phép todn
phd bién trong xi 1y tin hiéu nhu chuyén vi, lién hop phic ciing sé dudc thuc hién dé
dang hon néu tch riéng thanh phan thuc va 0. Tu cac ly do trén, cac phuong phap st
dung ML/DL nhan dang kénh s& chuyén ddi tat ca cac gid tri phic sang dang thuc trudc
khi dua vao qud trinh dao tao trong mang. Cac mang ML/DL nay thudng dugc phat trién
trén ngodn ngit Python va cdc thu vién nén tang thong dung nhu Tensorflow! ctia Google

hay Pytorch? ctia Facebook. Cdc ma trin va véc-td trén mo hinh kénh k€ trén sé dugc

'https://github.com/tensorflow/tensorflow
https://github.com/pytorch/pytorch
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bi€u dién duéi dang cic thanh phan thuc (%) va phan 4o (3) nhu sau:

. R(s) = R(x) o R(w) (3.2)
3(s) J(x) I(w)
o RH) —S(H) (3.3)
S(H)  R(H)

trong d6, H € R?72T g ¢ R?TX1 w e R2>1 va x € R?LX1, Thong thudng, cic kién
triic mang ML/DL stt dung d€ u6c luong kénh truyén gid st rang ma trin kénh truyén
H dudc md hinh hod dudi dang khong st dung céu tric, hay cac hé s6 ctia H dugc chon
ngiu nhién va khong bi 4nh hudng bdi cac thong sb vat ly khac nhu DoA, cu hinh
méng dng-ten, ...DE tim bd nhan dang cho hé thong ké trén, dinh nghia hAm mét mat
L (s; 5 (H, x)) 1a khodng céch giita véc-to ky hiéu gbc va véc-to ky hiéu dugc udc luong.

Tim gid tri © bing cach tbi thi€u hod ham mat mat ké trén nhu sau:
min [ {£ (s; 80 (H, x))} (3.4)
St dung giai thuat MLE d€ giai (3.4) dugc:
So(H,x) = arg min |x — Hs|” (3.5)

Tuy nhién, dd phiic tap ctia MLE sé ting theo cip s mii O(27) nén khé dé€ trién khai
trong cac h¢ mMIMO. Do vy, DetNet dudc dé xuit nham tao ra mot kién tric mang
DNN tiém can do chinh xic véi MLE. Trong nghién ctiu gbc, thay vi tao ra mot mang
no-ron nham 4nh xa truc tiép tif x vé s, viéc phan tich x thanh cdc thanh phan H,s, va

w nhu (3.6) s€ cho hiéu qua cao hon.
H'x=H Hs+H'w (3.6)

Kién tric DetNet dua trén phuong phap PGD [7] thuc hién viéc tdi vu MLE nhu
phuong trinh (3.5). Pao ham riéng dudc tdch nhu trén (3.7) st dung luat chudi (chain

rule) [32]. ,
5k8||x — Hs||

Os —} 3.7)
_T [sk _ 5 H x4+ 5kHTHé4

Sk+1 =T [Sk —

véi §;, 12 véc-to gid tri ngudn udc luong tai 16p thi k, T'[.] 1a mdt phép bién ddi phi tuyén
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Hinh 3.2. Kién triic ctia mot 16p trong kién triic mang DetNet [44].

tinh, va §;, 12 do dai budc clia qua trinh hoc. Kién triic ctia mdt 16p mang DetNet dé xuét

trong [44] dudc minh hoa nhu trén hinh 3.2 va céch biéu dién du6i dang ma tran nhu bén

dudi:

T ]

m=p|WL| F | 4pl (3.82)
HTHs;,

L Ve
Se+1 = Yy, (Wizg + b}) (3.8b)
Vit = Wiz + b3 (3.8¢)
&1 = Oy (3.8d)

trong d6, k = 1,..., K 12 s6 cac 16p clia mang DetNet, p 12 mot toan i tuyén tinh. vy,
ky hiéu cho phép bién déi phi tuyén tinh phan doan, & cic miic ¢ khic nhau, 1, (s) dugc
minh hoa trén hinh 3.3 va c6 biéu dién toan hoc nhu sau:

p(s+tp) pls—ty)

_ _ 3.9
Yuls) =1+ [74 |ty 59
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Hinh 3.3. Ham phi tuyén tinh phan doan ¢/, (s) dudc st dung trong DetNet.
Céc tham sd ctia viéc hoc sé bao gom:
© = {W}, b}, W2, b2, Wi b} 1} (3.10)

Sau mdi vong lip (iteration), mdt ham mét mat cé dang sai s6 binh phuong trung
binh (MSE - Mean Squared Error) sé tinh toan su sai khac cua véc-td cac ky hiéu uéc
lugng so véi véc-to cac ky hiéu goc. Két qua nay dudc st dung dé xem xét su hoi tu cia
viéc dao tao, va dudgc tra vé cho gii thut t6i vu (vi du: Adam) d€ tdi wu cic tham s hoc
ctia mang. Him mat mat nay dugc dinh nghia nhu dudi day:

2T

. 1 .

L(sise(H.x) = 5= > llse — & (3.11)
t=1

3.3. Pé xuat mang no-ron siu ISDNN cho nhan dang kénh truyén

Phén nay sé trinh bay giai thuat cia bd nhan dang ISD cong bd tai [30]. Mot mang
no-ron sau ISDNN véi md hinh kénh truyén c6 ciu triic va khong st dung céu tric dugc

dé xuét dua trén ki thuit md rong sau giai thuat ISD.

3.3.1. B6 nhan dang ISD cho hé théng mMIMO

Giai thuat goc tai [30] da dé xuat mot bo nhan dang kénh truyén tuan tu lip lai goi

tat 1a ISD d€ dat dugc hiéu suit cia MMSE véi do phic tap thip. Trong d6, bo nhan
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dang MMSE da dudc chiing minh [41] ¢6 thé dat dudc do chinh xac tiém can cia MLE
cho kénh dudng 1én trong cdc hé mMIMO vé6i L/T > 10. Luu y rang, do H 13 ma tran
clia cdc s6 thuc nén phép bién ddi Hermitian (.)¥ s& dudc chuyén thanh phép chuyén vi

()"

o2

-1
T _ p—1
E(S)IQT) H' x=P 'q (3.12)

SMMSE = (HTH +

ky hituGg =H H,P =H'H + %IQT, vad q = H'x. Céc thanh phan dudng chéo
cia ma tran P tao thanh ma trdn dudng chéo D = diag(P). Luu y, do phc tap cta viéc
nghich ddo P 1a O(TL?3), sé tang nhanh khi L 16n.

Dé dat dugc hiéu ning cao hon véi s 1an lip it hon, [30] dé xuét khdi tao véc-to
ctia cac ky hiéu u6c luong (§;) nhu trén phuong trinh (3.13) [10] thay vi dit tit ca bing
0 nhu DetNet.

$1 =D lq=[s1(1),51(2),...,51(27)] (3.13)

Tt véc-to tin hiéu thu, tin hiéu clia Ang-ten/ngudi dung thi j thu dugc bing cich

coi tin hi€u tif cac ang-ten/ngudi dung khac nhu tap am va loai bo ching.

() =x— 3 hdt) (3.14)

.. hl
Sertld) = g V) 3.15)
oT ’
=5(5) + m <Q(]) - t_zl Gru(J, t)sk(t)>

trong do, h; 1a cot thi j ctia ma tran H, Gg(4,j) 12 phan t thd (4, j) cla ma tran Gy,
va q(j) 1a phan tif thi j cla véc-to q. Véc-to cac ky hiéu udc luong § dudc cip nhat nhu
trong thuat toan 3.1 cua giai thuat ISD [30].

D& chiing minh giai thuat ISD 12 hiéu qua cho viéc udc luong kénh truyén, véc-to
phan du (sai sd) sé& dudc st dung. Cu thé, véc-td phan du thu dudc sau khi khdéi tao véi
cac gia tri §; la:

e; =x — Hs; (3.16)
tif d6, véc-to phan du sau khi cap nhat ky hiéu thi j tai 16p thi k sé dudc biéu dién nhu
sau:

e =x — H8] (3.17)
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Thuat toan 3.1 B6 nhén dang Iterative Sequential [30].
Input: x, H, L, T, K, 02, E(s)

Output: §,,; = 8§27

Gu < H'H

P+ GH + %IQT

D «+ diag(P)

q+ H'x

s; + D™ q

for k =0,k < K do
for j=1,7 <2Tdo

50+ 1) © 8) + gy (a0) = 2 Gali.03u(0))

AR AN U o

—_
—_ O

éi:—&-l — [§k+1(1)7 7§k+1<j)7§k<j + 1), .. ,§k(2T)]
j—7+1

end for

k+—k+1

: end for

—_— = =
AN

thay 8] bing céc biéu dién hdi quy nhu trong gidi thuat 3.1 thu dudgc:

o | . L . i
e], = x — h; (sk(] 1)+ a1 1) (Q(J —1)- ;GH(J - 1,t)sk(t))>

2T
L 1 : .
=x—h; (Sk(] D+ = (th_lx - g Gu(j — 1,t)sk(t)>)

t=1
) h! .
_ J-1 J Jj—1
=€, —h 7€k
[l

(3.18)

. < A . . N 12 12 s
Trong [30], Mandloi M. va cdc cOng su da chiing minh rang He{€ H < He{g H . biéu
d6 chi ra, méi khi ky hiéu tht j dudc cap nhat, véc-to phan du sé dugc chiéu 1én miit
ph:fmg ‘null’ ctia cot thif j thudc ma tran H. Hay véc-to phan du sé truc giao véi h;, do
d6 Iy — norm binh phuong ctia véc-to 16i sé gidm sau mdi lan ky hiéu j dudc cap nhat

cho dén khi véc-to e truc giao v6i khong gian con kéo dai bdi cot ctia ma tran H.

3.3.2. Pé xuat mang no-ron siu ISDNN cho mé hinh kénh truyén khéng sir
dung cau tric

Tur gidi thuat ISD dudgc trinh bay & trén, theo hudng tiép can model-driven va ky
thuat mé rong sau, mot kién tric mang no-ron sau c6 tén ISDNN (Iterative Sequential
Deep-neural Network) tuong ting cho md hinh kénh truyén khong st dung ciu triic (goi
tit 1a ISDNN khong st dung chu tric) duge d& xuit. Dau tién, viéc cap nhat cic ky
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hiéu s tai dong 9 ciia gidi thuat 3.1 dudc viét lai dudi dang ma tran nhu sau:
Sk+1 = Sk + €g11 (3.19)
trong do, e, 1a véc-to phan du ciing dudc viét dusi dang ma tran la:
eps1 =D (HTX _ HTHék> (3.20)

v6i ma trin dudng chéo D dudc don gian hod 1iy y tudng tif bd nhan dang ZF khi khong
c6 thong tin vé& SNR tai bén thu, tic nghich dao clia ma tran Gram (Gg), D = diag(HH).
Nhan thiy ring, §;; khong chi chiu 4nh hudng truc tiép bdi e;; ma con tit ca cic véc-
to phan du truéc do ey, e;_1, ...,e; nhu biéu dién & cong thiic (3.18). Do vy, dé dat
dugc hiéu qua cao hon trong viéc loai bé tap am tif cdc ngudi dung khéc, cic tham s6

hoc dudc thém vao o' vao moi 16p (layer) clia mang no-ron.
Ski1 =Sk +e€xr1 + aiek + oz,lg_lek_l +--+ a%el (3.21)

Tuy nhién, do mdi tuong quan giiia cic véc-to phan du lién ké 12 16n nhit, nén trong
mang ISDNN chi xem xét anh hudng clia e;, & 16p thii & nham don gian hod kién triic
mang. Phuong trinh (3.21) trg thanh:

Wy = 8 + e + ajey, (3.22)

Thay vi gan truc tiép 8,1 = p;, sU tuong quan gitta p;, va §;, dudc xem xét truée
khi dua lam dau vao ctia 16p tiép theo. St dung két hop 16i (convex combination) [14]
clia §; v p,, v6i hé sb a?. Do do, §1 chiu dnh hudng bdi ca §;, va pu, theo ty 1& o?.
Trong d6, o2 1a tham s6 ¢6 thé hoc, ! a2s; véi S-F a2 = 1, tai méi 16p. Két hgp

tuyén tinh clia §;, va p, c6 dang nhu sau:
Sk1 = (1—af) g + asy (3.23)

Ngoai ra, d€ dat dudc do chinh xac cao hon & cac loai diéu ché bac cao nhu (16-
QAM, 64-QAM, ...), véc-td phan du sé dudc diéu chinh linh hoat hon biang cach thém
hai bo bién ddi tuyén tinh vao kién triic mang ISDNN dé€ cap nhit e;, trudc khi nhan véi

1
ak-

ey < wi (wiex + by) + b7 (3.24)

Bo6 nhin dang trong cac cac nghién ctu [27, 30, 45] tuan tu dua cac dit liéu huin
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luyén chi ting v6i mot 1an tao dit liéu doc 14p qua mang, tiic H € R2L>2T s ¢ R2T*1 va
x € R?>1 Piéu nay 1am giam dang ké téc dd hoc ctia mdt mang DNN do khong tin
dung dudc 10i thé ctia kiéu dit liéu ten-so (tensor), cho phép thao tic v6i cac bién da chiéu.
Do d6, diém cai tién tiép theo clia kién triic mang ISDNN d6 1a st dung ‘Batch size’ 16n
hon rat nhiéu. Véi ‘bs’ (Batch size) 1a luong dif liéu dudc st dung trong mot vong lip.

Céc dit liéu dau vao ctia mang ISDNN sé dugc chuyén sang dang ten-so 3 chiéu nhu sau:

Ey < [e}, e, ..., el (3.25a)
Si « [51,87, ...,8%] (3.25b)
Xy < [X5, X3, ..., %0 (3.25¢)
H« H! H?, ... H" (3.25d)

Céc phép todn bién ddi ten-so, vi du, phép nhan cic ma tran dugc chuyén ddi thanh
nhén cic ten-so 3 chiéu dudc thuc hién bang ham ‘torch.bmm’3 ctia thu vién nén tang
Pytorch. Tuy nhién, do day 1a dé xuat vé& mit ky thuat 1ap trinh nén trong céc phan tiép
theo, cdc ky hiéu todn hoc van dugc gitt & dang nhan ma tran tuong tu nhu bs = 1 dé
tranh sy nham 1an.

Kién tric cubi ciing ctia mang ISDNN cho md hinh kénh truyén khong st dung ciu
tric dugc dé xuit trong luan vin nhu trén hinh 3.4. So véi giai thuat ISD dudc dé xuat
trudc d6, mang no-ron sau ISDNN dudc dé xuét cé su cdi tién nhu sau: (i) thém véc-to
phan du ctia 16p truée d6 va tham s6 hoc a! d€ uéc lugng §; (ii) tham sd hoc o? dugc
thém vao dé ting tinh chinh x4c cta viéc hoc; (iii) véc-to phan du dudc dua qua hai bd
bién d6i d€ c6 dugc tinh linh hoat cho cac loai diéu ché bac cao; (iv) st dung Batch size
16n d€ giam thsi gian hoc.

Céc tham s6 khdi tao ctia mang ISDNN dudc dé xuét nhu sau dé€ nhanh chéng dat
dugc su hdi tu [33]: §; = D~ 'q; of dudc chon ngiu nhién theo phan bd déu ol € U0 1);
a2 = 0,5; véc-t0 e; dudc chon Iya ngiu nhién theo phan bd déu e; € U0 1). Do cdc dau
vao cho 16p tiép theo §;,; cin dudc anh xa vé khoang gia tri [-1.0 1.0}, mot ham kich
hoat (activation function) sé dudc st dung. Trong DL, c¢6 nhiéu ham kich hoat dugc st
dung rong rai nhu ReLu, Tanh, Sigmoid, ...nhu dudc bi€u dién trén hinh 3.5. Cu thé,

mang ISDNN Iua chon sit dung ham Tanh c¢6 biéu dién todn hoc nhu sau:
eS—e ®

U(s) = Tanh(s) = ——— (3.26)

eS+e S

Shttps://pytorch.org/docs/stable/generated/torch.bmm. html
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Hinh 3.4. Kién triic ctia mot 16p trong mang no-ron siu ISDNN dé xuit cho md hinh
kénh truyén khong st dung cau truc.

Céc tham sb cta viéc hoc sé bao gom:
© = {wh, bl wi b}, ak al ) 3.27
— {wk7 k,wk, 7ak7ak}k:1 ( . )

Mot ham méat mat MSE ciing dugc dinh nghia nhu trén phuong trinh (3.11) cda
DetNet dé bi€u dién su hoi tu cia mang hoc sau ISDNN va budc back-propagate [26]
cia mot mang NN.

Bén bude ctia mdt vong lip trong qua trinh hoc nhu sau:
1. Khéi tao cdc tham s6 ban dau va véc-to phan du ctia mang ISDNN: s1, eq, af, o?.

2. B0 di liéu dugc dua qua K 16p cia mang (forward propagation), sau dé uéc lugng

su mat mat qua ham £(s; $g (H, x)).

3. Back-propagate £(s; s (H, x)) dé thu dugc do doc (gradient).
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Hinh 3.5. Minh hoa mot s6 ham kich hoat dugc dung trong kién tric dé xuAt.

4. T gradient thu dugc, st dung mot thuat todn téi wu, vi du 1a Adam [21] (xem thém

tai phu luc A), cap nhat cdc tham s6 hoc © = {w}, b}, w?, b2, al, az}le.

3.3.3. Pé xuit mang no-ron sau ISDNN cho mé hinh kénh truyén cé ciu triic

Khi md hinh kénh truyén dang c6 ciu triic nhu da trinh bay tai chuong 2, mot phan
thong tin bén 1& gdm DoA va ciu hinh mang dng-ten tai bén thu dudc dé xuat st dung
cho viéc hoc cua mang ISDNN. Ly do chon thong tin DoA 1a do trong cac h¢ mMIMO,
ky thuat dinh huéng bup song (beamforming) [46] c6 vai tro dac bi€t quan trong trong
viéc ting cong suit truyén va giam ty 1& tap am lién ngudi dung. Trudc khi ky thuat
beamforming c6 thé dudc st dung, viéc biét huéng can phat, hay huéng ctia ngudi dung
(UE - User Equipment) 13 diéu kién can c6. Géc phat nay dudc uéc luong thong qua tin
hiéu tif cac phién truyén duong 1én trudc d6. Cac thuit todn phd bién dudc st dung dé
udc lugng hudng séng dén nhu phuong phap CBF, Capon, hay MUSIC [55].

hig = Bree?tt = Fge” ettt (3.28)

Véi gia thiét ring DoA, tic cic véc-to 0, ¢, ciia cac UE da dudc tram co s udc
lugng va kha dung trude khi thuc hién udc luong kénh truyén, kién triic ISDNN sé ducc
stta d8i d€ phu hgp hon véi mo hinh kénh c6 ciu tric nhu trong phuong trinh (3.28) (goi
tit 1a ISDNN ¢6 clu triic). Trudc hét, thay vi phai udc lugng ma tran H, do biét trudc

6, ¢ ciing nhu ciu hinh clia mang dAng-ten tai tram cd s3, ma tran H dudc gian udc vé chi
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con thanh phan hé s6 khuéch dai phiic clia c4c tia (3). Phuong trinh (3.29) biéu dién cac
hé s6 ctia ma tran kénh truyén trong trudng hdp don gian, chi c6 tim nhin thang (LOS)
hay M = 1.
I (3.29)
Dung phép chia v hudng & day 1a do gia thiét cac hé sb trong mo hinh kénh truyén trén
(3.28) la dang r0i rac va vd hudng. Thuc hién tuong tu v6i véc-to tin hiéu thu dugc x.
Gia thiét ring, v6i toan bo thong tin véc-to 14i ¢, véc-to x c6 thé dugc bién d6i vé dang
% khi kénh truyén chi dudc dai dién bdi cc hé s6 3 nhu trén phuong trinh (3.29) thong
qua phép bién ddi f;.
x +— fi(x, ) (3.30)

Tit ma trin 3 va véc-to x thu dudc, cc dit liéu dau vao con lai trong mang ISDNN
cling dudc thay ddi thong qua mdt tip cac ham x Iy tin hiéu don gian goi tit 12 fo. Trong

do, hai gia tri D va §; c6 biéu dién la:

D = diag(3' 3)

v (3.31)
1 =D7'8 %

wn>

Kién triic mot 16p mang ISDNN cho kénh truyén c6 ciu triic v6i thong tin bén 1&
12 DoA tai bén thu dudc biéu dién nhu trén hinh 3.6. C4c tham sb khéi tao va qud trinh
dao tao cia mang van tuong tu nhu kién triic ISDNN da dudc trinh bay st dung cho mo
hinh kénh truyén khong st dung cAu tric tai muc 3.3.2.
3.4. M6 phong va danh gia

Trong phan nay, tdc gia sé trinh bay phuong phap tao bo dit liéu dao tao cho cic
mang no-ron sau DetNet va ISDNN. Sau khi dudc dao tao, cac két qua so sanh va danh
gia vé do chinh x4c, do phiic tap, va tinh chdng chiu 16i sé dugc dua ra.
3.4.1. Tao bo dir liéu

Trong bang 3.1, cic tham sb md phoéng clia hé théng mMIMO ciing nhu kién tric
mang DetNet va ISDNN dugc dua ra. Chi tiét, cac tap dit liéu dudc tao cho viéc huin
luyén (training)/thit nghiém (testing) sé doc 1ap vdi nhau nhung cting chung phén bb.
Mai tin hiéu ctia bén phat s s& dudc gieo ngau nhién theo phan bd déu va st dung chung
mot loai diéu ché. Tuy thudc vao loai diéu ché, ma mot nhém gom 1,2, 4,8, ... bit sé
dugc nhém thanh mot ky hiéu. Trong md phdng, diéu ché 16-QAM dudc lua chon, véi
4 bit lién nhau s& dudc gop lai, u; € R4, tao thanh ky hiéu s;. Trén bang 3.2 1a quy luat

anh xa cac nhom 4 bit thanh céac ky hiéu s;.
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Hinh 3.6. Kién triic ctia mot 16p trong mang no-ron siu ISDNN dé xuit cho md hinh
kénh truyén c6 cau truc. Gia su biét thong tin cua DoA va cau hinh mang ang-ten tai bén
thu ¢ (6, @).

Ma tran kénh truyén H 14y theo mo6 hinh kénh CBSM i.i.d Rayleigh da trinh bay
trong chuong 1, trong do, cac hé sb phic ctia kénh truyén dugc gieo ngiu nhién doc lap
va cuing phan b6 Gauss véi gia tri trung binh £ va phuong sai ¢ nhu trén hinh 3.7a.

1 —(z—p)?

e = — 202 51 . 2
R(hye) = fz| p,0) J\/ﬂe ., voizrelR (3.32)

Trong mo hinh kénh truyén c6 ciu triic, vin giit nguyén cich gieo ngiu nhién nhu
ma tran H nhu md hinh khong st dung ciu tric. Sau do, ti cdc thong tin bén 1é 12 DoA
va cAu hinh mang dng-ten thu, cc gia tri thudc ma tran 8 dugc tinh ngudc lai theo cong
thic (3.29). Trén hinh 3.7b 1a biéu dién histogram cédc gia tri phan thuc Bl,t thudéc ma
tran 3. C6 thé nhan thiy cdc phan ti trong ma tran H va 3 cung c6 phan bd chuin véi
ky vong x4p xi bang 0. Su khic nhau nim & phuong sai clia cic phan bd nay, 1an luot
la ~ N(0; LQ), N(0;0,644) ting v6i R(h; 1) va 3?(31,7:)- V6i phuong sai nhé hon, ¢6 thé du
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Bang 3.1. Cé4c tham sb mo phéng hé théng truyén thong khong ddy clia mang no-ron siu
ISDNN dugc dé xuét.

Théng s6 md phong Gia tri
Kich thuéc hé thong mMIMO T=8L=064
Loai di€u che 16-QAM
Cac mic SNR cua bo di liéu 0,5, 10, 15,20] dB
S6 mau dao tao 20.000
S6 mau tht nghiém 5.000
S6 16p mang ctia DetNet Kpetnet = 4;10
SO 16p mang cua ISDNN Kispyy = 4
S6 lugng mau trong mot 1an huan luyén Batch size = 20.000
Thuat toan toi uu Adam [21]
Gia tri khdéi tao cua toc dd hoc 6 = 0,0001
So vong lap dao tao 20.000

Bang 3.2. Anh xa cdc nhom 4 bit thanh cac ky hiéu sit dung diéu ché 16-QAM.

so=—1—1i s1=—1—0,33 So= —1+0,33 s3= —1+1i
Ky s,= —0,33—1i | s5=—0,33—0,33 | s6= —0,33+0,33 | 57 = —0,33 + L4
hiéu [s5=0,33—1i | 5o=0,33—0,33 | s10=0,33+0,33i | s1=0,33+ 1

812:1—1i 313:1—0733i 814:1+0,33i 315:1+1i

W = [0,0,0,0] |w =]0,0,0,1] =1[0,0,1,0] us = [0,0, 1, 1]
Nhém | u, = [0,1,0,0] |us = [0, 1,0, 1] qu[o,l 0] u; = [0, 1,1, 1]
bit us = [1,0,0,0] |uy=]1,0,0,1] uo = [1,0,1,0] u = [1,0,1, 1]

U2 = [1,1,0,0] U3 = [ ,1,0, 1] U4 = [1,1,1,0] U5 = [1,1,1,1]

doan rang cac mang hoc sau nhu ISDNN c¢6 ciu triic ¢6 thé cho ra cdc hé s6 ctia ma trin
3 nhanh va chinh xdc hon khong st dung cAu tric H.

Ngoai viéc dao tao dua trén cac thong tin kénh truyén H va 3 chinh xdc. Trude hét,
xem xét viéc dao tao ISDNN cho m6 hinh kénh khong st dung ciu tric trong trudng hop
thong tin H khong chinh x4c (im - imperfect) dé kiém tra kha ning chiu 16i ciia kién tric
mang no-ron sau ISDNN dé xut. Ly do 1a trong cac diéu kién thuc té, cdc ma trin dau
vao dé dao tao dudc do ludng khong thé c6 dudc su chinh xdc hoan hdo. Hai miic sai s6
s€ dugc xem xét do la 1% va 5%.

H;m = H+0,01H

(3.33)
H;, = H+0,05H

Tuong tu, xem xét viéc ddo tao kién tric mang ISDNN cho mé hinh kénh c6 ciu tric
trong trudng hop cé thong tin H va ¢ déu c6 sai so. Sai s6 tf H van tuong tu nhu gia
thiét cia md hinh kénh khong st dung cAu tric. Sai s6 ctia dif liéu dau vao ¢ dén tit viée

udc luong sai cic gid tri (0, ¢). Tuong tu nhu trén, hai miic sai s6 cia ¢ s& dudc xem xét
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Hinh 3.7. Phan b khi gieo ngiu nhién ctda cdc hé s phan thyc ctia hy; va 3 trong hai
ma tran H, B

d6 1a 1% va 5%. Sai sb clia ¢ dudc goi la “sai so ctia thong tin bén 187,

Pim =¥ ’ (3.34)

Pim = P £0,05¢

Sau khi di qua kénh truyén H, céc ky hiéu sé dudc cong thém v6i AWGN & cic gia
tri SNR khéc nhau tinh theo thang dB (decibel).
E (/Hs]3)
SNR = 10log | —~—35< | (dB) (3.35)
( E (|wl3)
Cu thé, trong bd dit liéu dao tao, 5 ngudng SNR khac nhau, 1an luot 12 0, 5, 10, 15, va 20 dB

dugc thém vao cidc mau huén luyén, sau d6 bo dit liéu nay dudc tron ngau nhién.

3.4.2. Pao tao va danh gid kién triic mang no-ron siu dé xuit
Phwrong phap danh gia

Sau khi da tao dudc cdc bo dit liéu, viéc dao tao dudc trién khai trén mdy tinh véi
cu hinh: vi xt ly Intel Core i9-10900, 64 GB RAM. Ngon ngit 14p trinh Python dudc
lua chon d€ xay dung cac md phdng ctia ISDNN va DetNet. Thu vién nén tang Pytorch
dudgc st dung cho ISDNN, va Tensorflow cho DetNet. Ma ngudn ctia DetNet 14y tif kho
luu trit cong khai ctia nhém tac gia trén bai bdo gbc tai Github®*. Sai sb clia cdc mang
nd-ron nay dudc danh gid thong qua thong sé6 BER tuong dng 12 s6 bit uéc luong sai (V,)
chia cho tdng s6 bit. O budc thit nghiém, 100 bd dit liéu thit nghiém, mdi bd gdm 5.000

mau dudc tao ra, két qua udc lugng ctia cadc mo hinh thu dudc sau qua trinh dao tao dugc

‘https://github.com/neevsamuel /DeepMIMODetection
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Bang 3.3. So sdnh do phuc tap clia cac thuat toan nhan dang kénh truyén.

B6 nhan dang Do phitc tap | S6 gia tri hoc
ZF 0 (TLY)
MMSE 0 (TLY)
DetNet: 4 layers [45] O (TL?) 105.416
ISDNN unstructured O (TL?) 24
ISDNN structured O (TL? 24

tinh biang BER trung binh ctia 100 1an thit nghiém.

1 100 N,

BER = - K; =00 (3.36)

So sanh dé phire tap cua cac phuong phap

Do phic tap cta cac thuat toan sé dugc so sanh nhu trén bang 3.3. Trong do, hai bo
nhan dang truyén thong ZF va MMSE déu c6 d6 phic tap O(7'L?) do phép nghich dio
ctia ma tran H véi kich thu6e day da [38]. Tiép dén, kién triic mang DetNet cho do phiic
tap O(T'L?) do khong phai nghich ddo ma trin G nén thanh phan phiic tap nhit trong
DetNet 12 cic phép nhan ma train H'H va HHs,,. Cubi ciing 13 d6 phtc tap cla kién
triic mang ISDNN dudc dé xuat cho ca hai mo hinh kénh truyén c6 cAu tric va khong st
dung cAu tric cling & mic O(T'L?). D ¢6 phép nghich dio ma tran D! & dau vao, tuy
nhién nhu da trinh bay & trén, ma tran D chi gdm cac phan ti trén dudng chéo chinh cia
ma tran Gram. Do vy, viéc nghich d4o ma trin nay chi c6 do phiic tap O(T'L), vi chi can
st dung phép bién ddi tuyén tinh. Vay nén, do phtc tap tong thé ciia ISDNN van tuong
tu nhu DetNet chi diing & cac phép nhan ma trin. C6 thé két luan ring, cic phuong phap
st dung hoc sau da giam thiéu do phiic tap di O(L) so véi cdc bo udc luong tuyén tinh
truyén thong. Pay 1a khoang cach rit 16n, vi trong cac hé mMIMO, gia tri cta L c6 thé
1én dén hang nghin. So sanh riéng hai kién tric mang DNN Ia DetNet va ISDNN, du c6
chung do phtic tap nhung nhan thiy s ludng gia tri hoc ctia ISDNN la khong dang ké
khi so sanh v6i DetNet. Diéu nay c6 dudc 1a do cac bd bién ddi tuyén tinh (W, b) trong
DetNet 6 duéi dang ma tran va véc-td c6 kich thude 16n. Trong khi d6, ISDNN chi yéu
cu hai tham sb hoc vo huéng (w, b) cho mdi bo bién ddi tai mdi 16p mang. Do vay, chi
24 tham s hoc can dudc st dung trong ISDNN, din dén mé hinh thu dudc sau qud trinh
dao tao chi c6 kich thude 7 KB so vdi 1,236 KB ctia DetNet véi ciing s6 16p mang 1a 4.
Day 12 1gi thé rat 16n, khi kich thudc nhé va do phic tap thap gidp 1am ting kha ning

ting dung trén ca céac thiét bi c6 gia thanh thap.
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Hinh 3.8. Su hoi tu cia qua trinh dao tao mang ISDNN va DetNet.

So sanh dé chinh xdc ciia mang no-ron siu dé xuat vdi cic phuong phap khac

Trén hinh 3.8 la qua trinh dao tao ctia hai mang nd-ron sau ISDNN va DetNet vGi
s6 16p mang, mo hinh kénh khac nhau. Hinh 3.8b xem xét vé thdi gian hoi tu thong qua
dau ra cia ham mat mat gitia véc-to ky hiéu gbc s va véc-to ky hiéu udc luong §. Nhan
thdy, thai gian hoi tu ciia mang DetNet véi 4 16p mang c6 phan nhanh hon so v6i ISDNN
c6 cau triic va khong st dung céu tric cing s6 16p mang. Tuy nhién, xét vé tong thé, dau
ra ham mat mat cia ISDNN c4 c6 ciu triic va khong st dung ciu triic cho két qua tot
hon so véi DetNet ciing s6 16p mang di phéi can dén vong dao tao thit 12.000. Xét riéng
hai mo hinh c6 cAu triic va khong st dung céu triic ciia ISDNN, tdc do hdi tu va gia tri
ctia ham mAt mat tai vong lip cudi cung khd tuong dong nhau khoang 4 % 10~3. Néu ting
s6 16p mang ctia DetNet 1én 10, do s6 lugng tham sb hoc ting 1én ddng ké, thoi gian hoi
tu va dau ra mat mat cubi cung ciing cho két quéa tot hon ISDNN chi 4 16p mang. Tuy
nhién, danh ddi & day 12 sd luong tham s6 hoc sé& 1én dén 316.244. Xét vé su hoi tu dua
trén ty 18 sai s6 bit clia cac kién tric nhu trén hinh 3.8a. Truc hét, BER ctia ISDNN chi
véi 4 16p mang sau 20.000 vong dao tao la vuot trdi so véi DetNet du 4 hay 10 16p mang,
hoi tu & gid tri BER ~ 4 % 10~* va 6 * 10~* 1an luct v6i mo hinh c6 céu triic va khong st
dung cAu triic. So sanh véi DetNet dit v6i 10 16p mang va lugng tham sd hoc khéng 16
cling chi c6 dat dudc sai s6 chua dén 10~3. Tuy nhién, tif md phéng ciing cho thiy ring,
dd chinh xdc ctia DetNet cho thdi gian hoi tu 1a nhanh hon nhiéu so v6i ISDNN khi chi
can dén khodng 5.000 vong dao tao. Trong qua trinh dao tao, thong qua ca hai thong s6
BER va ham mat mat, c6 thé rit ra nhan xét rang, kién triic ISDNN ¢6 céu triic cho do
chinh x4c trong qua trinh hoc 1a tot hon ISDNN khong st dung ciu tric va DetNet, tuy
nhién, DetNet lai 12 mang c6 thdi gian hoi tu nhanh nhit.

Sau qua trinh dao tao, ki€m tra md hinh thu dudc trén céc bd dit liéu thit nghiém
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Hinh 3.9. D6 chinh x4c ctia mang ISDNN so sanh v6i DetNet va cac bo nhan dang tuyén
tinh.

doc 1ap véi tap dit liéu huin luyén. Két qua thu dudc khi so sanh do chinh x4c clia cac
phuong phap nhan dang kénh truyén gdom ZF, MMSE, DetNet, va ISDNN khi SNR thay
ddi dudc biéu dién trén hinh 3.9. Trude hét, c6 thé két luan, do chinh xdc clia mang
ISDNN dé xuat 13 vuot trdi so vdi cac phuong phap con lai. Khi so sanh vé6i hai phuong
phép tuyén tinh 1a ZF va MMSE, dudng BER ctia ISDNN va DetNet déu cho thiy su
khdc biét, khi do d6c ctia BER tif cac mang DNN gidm dan theo SNR con ZF va MMSE
thi ngudc lai. Phdi can dén mic SNR = 20 dB, phuong phap MMSE méi dat dén do
chinh x4c ctia ISDNN khong sii dung cAu tric tiic BER ~ 1,5 * 1074, do giai thuat gbc
ISD ciing xuat phat tit MMSE nén c6 thé coi ddy 1a gid tri tdi vu cta ISD. Khi so sanh
v6i mang no-ron sau DetNet gdm 4 16p mang, ISDNN khong st dung ciu tric cho do
lgi vé BER dat 102 tai cac miic SNR thip, va 10! tai SNR cao. ISDNN c6 ciu triic cho
ty 1& sai s6 bit thip hon mang khong st dung céu triic, tuy nhién do 1di la chua thuc su
vugt troi, & SNR = 20 dB, ty 1& 16i bit dat ~ 10~*. Khi ting s6 16p cta DetNet 1én 10,
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cling tuong tu nhu qua trinh huin luyén, do chinh xdc da dugc cai thién, tuy nhién di
SNR & mifc cao nhu 20 dB, BER ctia DetNet ciing chi tiém can dugc dén do chinh xéc
ctia ISDNN khong st dung cu triic v6i 4 16p mang. C6 thé riit ra nhan xét, kién triic
ISDNN ngoai viéc cho do chinh xac vugt trdi so v6i ZF, MMSE, va DetNet con c6 uu
diém 132 BER khong c6 su bién d6i qud 16n & cac mitc SNR khéc nhau. Day 12 vu diém
quan trong ctia viéc stt dung DNN cho viéc nhan dang kénh truyén, khi tap Am/cong sut
phat ludn 12 mot vin dé ma cic thé hé mang vién thong thé hé méi nhu 5G quan tam.
Néu do chinh x4c ctia viéc nhan dang khong bi phu thudc nhiéu vao SNR thi mat do bao
pht, ciing nhu hiéu qua vé niing ludng 12 nhitng 10i ich c6 thé khai thic.
Xem xét dé chinh xdc ciia mang no-ron sau ISDNN khi co sai sé trong tip dif
liéu dao tao

Tiép theo, xem xét dén tinh chdng chiu 16i cia mang no-ron sau ISDNN. Nhu di
trinh bay & trén, dé c6 thé dudc dp dung thuc té, cc bo dit lidu cin dudc thu thap ti cac
hé théng vién thong thuc. Tuy nhién, sai s6 khi do Iudng cac dau vao cho viéc dao tao 1a
khong thé tranh khéi. Trong phan nay: (i), ma trin kénh truyén H dudc gia st 1a ¢6 su
sai khdc 1% va 5% so v6i H hoan hao; (ii), cd ma trin kénh truyén H va ma trin thong

tin bén 1& ¢ déu c6 sai s6 12 1% va 5% so véi gia tri thuc té.

Loss

RS 5 SO

‘ T 6 ‘ ‘ ‘ ¥
1 5000 10000 15000 20000 1 5000 10000 15000 20000
Iterations Iterations
(a) BER (b) Mét mat
—Q— Structured, perfect H — ¢~ Unstructured, perfect H
Structured, imperfect H: 1% Unstructured, imperfect H: 1%

—o— Structured, imperfect H: 5% — B Unstructured, imperfect H: 5%

Hinh 3.10. Su hoi tu ctia qud trinh dio tao cic mang ISDNN vdi céc sai s6 kénh truyén
dau vao khac nhau.

Trén hinh 3.10 1a két qua cta viéc dao tao mang ISDNN c¢6 ciu tric va khong
st dung ciu triic véi 3 bo dit liéu c6 cdc mic sai s6 kénh truyén khac nhau. Pau tién,
hinh 3.10b cho thiy rd rang sai s ctia dif liéu dau vao anh hudng truc tiép dén su hoi

tu ctia mot mang DNN. Ca hai kién tric ISDNN véi kénh truyén chinh xac cho téc do
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hdi tu v& ham mat mat 13 nhanh hon dang ké khi so vdi trudng hop kénh truyén cé sai
s6. V6i sai s6 1% can dén 14.000 va 18.000 vong dao tao 1an ludt véi mang c6 cu tric va
khong st dung ciu triic d€ dau ra ctia hAm mat mat hoi tu. Tuong tu, khi sai s6 12 5%,
sau 20.000 vong dao tao van chua cé dugc su hdi tu ctia ham mat mat. Tuy c6 su khac
nhau vé téc do, nhung gia tri cudi cung ctia ham mat mat tai ca 6 trudng hop déu kha
tuong dong khoang 5% 10~2. Tiép theo, vé do chinh xdc trong qu4 trinh dio tao ciing cho
két qua tuong dong, bi€u dién trén hinh 3.10a. Khi dit liéu kénh truyén c6 sai sb, dudng
BER trong qua trinh hoc ctia cac mang ISDNN c6 su khong 6n dinh va can dén thém it
nhét 5.000 vong dao tao dé€ dat dudc gid tri hoi tu. Do d6, xét cd ham mét mat va BER,
kién triic ISDNN van c¢6 thé thich nghi véi sai s6 1% ctia ma tran kénh truyén du anh
hudng dén thdi gian huin luyén can d€ hdi tu nhung van sé hoi tu & gia tri kha tuong
duong véi kénh truyén hoan hao.

107 ¢

BER
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Hinh 3.11. Do chinh x4c ctia mang ISDNN vdi cdc sai s6 kénh truyén dau vao khac nhau.

Tuong tu, mo6 hinh thu dugc sau qua trinh dao tao 6 ca ba truong hgp s€ dudc danh
gia trén cac bo dit liéu thi nghiém, két qua thu dudc nhu trén hinh 3.11. DE nhén thiy,
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su tuong quan cta sai s6 ma trin kénh truyén dau vao véi BER dau ra cia mo hinh da
huan luyén. V6i ISDNN khong st dung cau tric, & cc gid tri SNR > 5 dB, BER trong
truong hop kénh truyén chinh xic va c6 sai s6 kha 6n dinh, 1an ludt & mifc ~ 1,7 % 1074,
2,5%107%, va 2,8 %10~ Diéu tuong tu véi ISDNN c6 ciu triic khi BER ty 1& nghich véi
sai s6 ctia tap dit liéu dau vao. Khi SNR > 5 dB, cdc gia tri BER trung binh 1an luot ctia
ISDNN c6 ciu triic la~ 1,1%107%,1,3% 104, va 1,7+ 10~*. Néu so sdnh miic sai s6 nay
véi cdc két qua thu dudc trén hinh 3.9, k€ c4 & miic sai s6 5% clia ma trn kénh truyén,
ISDNN khong st dung ciu triic van cho sai s6 tuong duong véi DetNet 10 16p mang
va vugt troi DetNet néu chi 4 16p mang. Khi so sanh véi hai bd udc luong tuyén tinh,
MMSE (ISD gbc) sé tét hon ISDNN khong st dung ciu triic vdi sai s6 dit liéu 5% néu
SNR § cdc gia tri > 15 dB. Ngudc lai, néu st dung ZF hodc SNR thip hon thi ISDNN
van cho sai s6 tot hon. Tir cdc két qua trén, c6 thé thiy su anh hudng ctia dit liéu dau vao
t6i ISDNN noi riéng va cac mang DNN néi chung, tuy nhién & ciac mic sai s6 nhd, mo
hinh dau ra van sé cho do chinh xdc & muc chip nhan dudc, va van sé hon cac giai thuat
tuyén tinh hay mang DetNet. Day chinh 12 tiém niing d€ trién khai ISDNN véi céc bo dit

liéu thuc va trén cdc hé thdng vién thong thuc té trong tuong lai.

Loss

- \
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Hinh 3.12. Su hdi tu cta qud trinh dao tao cac mang ISDNN c6 cau tric véi cdc sai sd
kénh truyén va thong tin bén Ié dau vao khac nhau.

Trén hinh 3.12 1a két qua dao tao cia mang ISDNN c¢6 cAu tric khi cac bo dit liéu
huan luyén c6 ca sai s6 trong H va . V4i viéc ca hai ma tran trén déu c6 sai s6 sé hinh
thanh sai s tich liiy cho cdc dau vao nhu §,%, D, ... c6 thé gay khé khin cho bd nhan
dang. Trudc hét trén hinh 3.12b 12 dau ra ctia ham mét mét thu dudc trong subt qua trinh

dao tao. Tuy c6 thém sai s6 dau vao tit DoA, nhung gia tri dau ra cia ham mat mat lai
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cho thiy diéu ngudc lai, khi c6 thém sai s6 nay, mang ISDNN hoi tu nhanh hon ¢ trudng
hop khi chi ¢6 sai s6 ctia kénh truyén H. Dic biét, véi trudng hop ca H va ¢ déu c6 sai
s6 5%, sau 12.000 vong dao tao, gia tri hAm mat mat da dat dudc gid tri hdi tu va 6n dinh
nhu trudng hop khong c6 sai s6. Tuong tu véi két qua ctia BER trong qua trinh dao tao
trén hinh 3.12a, khi ¢6 thém sai s clia ¢, dudng BER con c6 do6 16n hon trong trudng

hgp chi ¢6 sai sO ciia ma tran kénh truyen.

107 ¢

BER

107 ' '
0 5 10 15 20
SNR (dB)
—{Q— Structured, perfect H, ¢ Structured, imperfect H, ¢: 1%

Structured, imperfect H: 1% — @ Structured, imperfect H, p: 5%
—— Structured, imperfect H: 5%

Hinh 3.13. P9 chinh xdc cia mang ISDNN c6 ciu triic v6i cic sai s6 kénh truyén va
thong tin bén 1€ dau vao khéac nhau.

Mang ISDNN c6 ciu tric dude luu tai vong lip cudi cung cua viée hoc va thi
nghiém véi cac gid tri SNR khdc nhau nhu trén hinh 3.13. Khi ¢6 sai sd vé ma tran ¢,
duong BER dau ra sé cho két qua kém hon mdt chiit so vé6i khi chi c6 sai s6 vé H. Tuy
nhién, ciing nhu trong qua trinh hoc, dudng BER khi sai s6 cia H va ¢ & mic 5% cho
két qua khong 6n dinh. Tai SNR = 15 dB, BER ctia ISDNN con t6t hon trudng hgp chi
c6 sai $6 1% ctia bo dit liéu. Nguyén nhan c6 thé xuit phat tli viéc gieo ngiu nhién nhiing

sai s6 trong bd dit liéu ddu vao, tao nén ma tran 3 tét hon & gid tri SNR nay. Trong trong
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hop nay, so sanh vé6i hinh 3.11, két qua m6 hinh dau ra trong hai trudng hdp c6 sai s6 tit
H va thong tin bén 1& ctia mang ISDNN c¢6 ciu triic 13 tuong duong v6i mang ISDNN

khong st dung céu tric chi c6 sai s6 vé ma trin kénh truyén.
3.5. Két luan chuong

Trong chuong nay, tic gia da trinh by khai quat vé viéc st dung DNN vi md
rong siu cho viéc nhan dang kénh truyén. Tiép dén, mot kién tric mang no-ron siu tén
DetNet da dudc dé xuét trudc ddy duge trinh bay ngin gon. Tif mot phuong phap nhan
dang khong mu véi do phic tap thip ISD da dudc cong bd trude do, kién tric ISDNN
méi dudc dé xuét cho cd hai mo hinh kénh truyén c6 ciu tric va khong st dung ciu
triic st dung phuong phdp mé rong sau. Két qua mo phdng da chi ra hiéu ning vé do
chinh x4c va do phtic tap cia kién triic ISDNN dudc dé xuat. Trude hét, vé do chinh xac,
ISDNN cho két qué vugt troi so véi cc thuit todn nhian dang tuyén tinh khong mu nhu
ZF, MMSE, va mang nd-ron siu DetNet du véi s6 luong 16p mang it hon. Vé do phic
tap, so véi cac giai thuat tuyén tinh, ISDNN cho d6 16i O(L) tuong tu nhu DetNet. Hon
nita, ISDNN chi can 24 tham s6 hoc cho 4 16p mang khi so sanh v6i 105.416 tham sb cia
mang DetNet cung s6 16p mang. Tir hai khia canh trén, két ludn mang ISDNN da gidi
quyét ca hai vin dé 1 do phiic tap, va chinh x4c da dudc dé ra  phan M dau. Kién triic
ISDNN dudc dé xuit cho mo hinh kénh truyén c6 ciu triic ciing cho dd chinh xac 12 t6t
hon so v6i ISDNN khong st dung cAu triic nhu da chi ra trong chuong 2. Ngoai ra, dé
xem xét kha niing ing dung vao thuc t&, hiéu suit ctia ISDNN dudc xem xét néu c6 sai
s6 trong cdc bd dit liéu du vao, c6 thé xdy ra bdi sai s6 do lugng. Cac két qua mo phong
chi ra su 4nh hudng cta tip dit liéu huan luyén dén két qua dao tao. Tuy nhién, sai s6
cling & mic chip nhian dudc va van 12 tét hon néu so sanh véi cac phuong phéap da ké

trén.
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KET LUAN

Trong luin vin, tic gia tip trung giai quyét cac thach thic vé chi phi va do phic tap
clia cdc phuong phap nhin dang trong cac thé hé mang di dong mdi st dung mMIMO.
Trude hét, cdc phuong phap md hinh kénh truyén trong mMIMO dudc khéo st dé chon
ra phuong phap phi hdp cho nghién ciu trong luin vin. Tiép dén, mot khao sat vé bon
phuong phip nhan dang hé thdng vién thong khong ddy dudc trinh bay. Qua do, chi ra
dudc su can thiét clia viéc ing dung tri thiic mdi vao bai toan nhan dang hé thong thong
qua hai huéng tiép cn 12 ban mu va st dung hoc sau. Tir d6, trong chuong 2, tic gia
xem xét su anh hudng clia cdc ciu hinh mang dng-ten khic nhau va gidi thuat SB dén
d6 chinh xdc cta viéc uéc luong kénh truyén dua trén CRB. Két qua chi ra rang viéc
mo hinh kénh truyén c6 céu triic, st dung cidc méang dng-ten 3D nhu UCyA, hay phuong
phap SB déu c6 thé gitp gidm sai s6 clia viéc udc luong kénh truyén di dang ké. Ngoai
ra viéc st dung cac mang Ang-ten 3D sé gitip tiét kiém dién tich 1ap dit cho céc tram co
s& di dang ké khi so sanh vé6i cdc ciu hinh ULA truyén théng. Trong chuong 3, huéng
tiép can hoc sau, sit dung thém thong tin bén 1& vé huéng séng dén va ciu hinh mang
dng-ten, cling dudc tac gia xem xét d€ nhan dang kénh truyén cho hé théng mMIMO. Cu
thé, mot mang ISDNN dudc dé xuit nham giam thi€u do phiic tap va chi phi so véi thuat
toan ISD gbc dua trén bo nhan dang MMSE. Kién tric mang no-ron siu dudc dé xuét
chi yéu cau 24 tham s6 hoc va 7 KB cho md hinh dugc dao tao véi ciu hinh gom 4 16p
mang. Pay 12 s6 ludng rit nhé va hoan toan vuot troi khi so sdnh v6i mot mang no-ron
sau khac ciing v6i cach tiép can tuong tu 12 DetNet. Tur cac két qua mo phong, hiéu suit
vé thoi gian dao tao va do chinh x4c ciia ISDNN ciing dugc kiém chiing 1a vugt troi ca
cac phuong phdp tuyén tinh va mang no-ron sau DetNet. Ngoai ra, tic gia cling xem xét
dén hiéu suét ctia mang néu dif liéu dau vao xuit hién sai s trong viéc do ludng. Két qua
thu dudc cho thiy su dnh hudng rd rang clia sai sd tif dif liéu huén luyén dén md hinh.
Tuy nhién sau khi dao tao, do chinh xdc cia md hinh dugc dé xuét van giit dudc dang
gbc va van ¢ phan vuot troi so vdi cac phuong phap khac tuong tu nhu khi khdng c6 sai
s6 trong dif liéu.

Du dat dugc két qua vé mit md phdng va sd hoc, tuy nhién, van con cac diém han
ché c6 thé dudc cai thién trong tuong lai clia luan vin. Thi nhit 12 cic md phong trong
luan viin con han ché vé ciu hinh mMIMO, dic biét 1a s6 lugng dng-ten phat/ngudi ding
do han ché vé mit ky thuat. Thi hai, cdc phuong phap nhu DetNet hay ISDNN dudc dé
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xuat hién chi dudc thit nghiém hoat dong véi cac kénh truyén c6 phan bd xac dinh. Tuy
nhién, diéu nay it xay ra trén thuc té, viéc cdi tién, kiém nghiém mo hinh ISDNN d€ dap
ting cho trudng hop kénh truyén c6 phan bd thay ddi lién tuc 1a can thiét dé dé xuit c6
tinh ting dung thuc tién hon nita. Thi ba, kién triic mang ISDNN cho mé hinh kénh c6
cAu tric dudc gia st rang sd luong dudng truyén giita mot cip dng-ten thu/phat dang 1a
1, tiic tam nhin thang, vin chua tién sat v6i thuc t&. Poi hoi can c6 thém cac nghién ciiu

d€ gidi cac van dé ké trén.
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PHU LUC

A. Thuit toan t6i vu Adam

Thuit todn t6i vu Adam 13 phuong phdp t6i wu hon so véi gidi thuat tdi vu gidm
dan do dbc ngiu nhién (SGD - Stochastic Gradient Descent). Adam ap dung céc tdc do
hoc tap thich nghi (¢ - Adaptive learning rate) khac nhau cho mdi tham s6 hoc. Diéu nay
mang lai 16i thé 16n khi cdc mo6 hinh mang no-ron vdi kién triic phiic tap. Mot s6 phan
trong mang nd-ron nhay cam véi su thay d6i clia trong sd theo cic cich riéng biét. Do
vay, cac phan nay sé can téc do hoc nhé hon vé6i cac viung khac. Trong lun vin nay, tic
gia chi dua ra mot s6 biéu dién todn hoc quan trong ctia Adam, chi tiét vé giai thuat tdi

uu nay co tai [21].

me = Pime—1 — (1 — B1) g (A.a)
v = Bovi—1 — (1 — B2) g} (A.b)
iy = % (A.c)
By = %’fﬁé (A.d)
Wi = w1 —0 ;?’; : (A.e)

trong do:

§: tde dd hoc.

- B1, Bo: ti 18 gidm dan theo cAp sb6 nhan cho u6c luong md-men (moment) thit nhat

va hai.
- my: gia tri trung binh clia udc lugng md-men thi nhit.
- vy phuong sai ciia udc lugng mo-men tha hai.
- g2 dd dbc.
- 7i: cac cong cu udc luong hiéu chinh do 1éch cho mo-men thif nhét.
- ¢ cac cong cu ude lugng hiéu chinh do 1éch cho md-men thi hai.

- wy: trong sO cua mo hinh.
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