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Tom #it: Céc hé thong truyén thong khong day thé he
thi 5 (5G) va hon thé nira da bat dau sir dung budc song
milimet, chiu suy hao I6n khi truyén di xa. Nham khai thac
dai tan ndy mot cach hiéu qua, cac Ang-ten can c6 hé sd
tang ich du lon dé bu lai tén hao trén dwdng truyén, hodc
tao ra cdc bip song du nho tap trung nang luong dinh
huong. Bing phuong phép su dung thém ma tran tién ma
hoa s6 & bang tan co s, ¢0 thé tac dong 1én cac mang Ang-
ten dé tao ra nhimg bip séng theo huéng mong muon, gia
tang cudng do tin hiéu va hiéu suit phd véi cong suat phat
khong d6i. Tuy nhién, phuong phap nay c6 chi phi va do
phtic tap cao, chua phii hop trong diéu kién thuc té. Nghién
cuu nay dua ra mt phuong phap Kkét hop xtr ly tin hi¢u &
béng tan co ban va bang tan song vo tuyén can téi uu, glam
d6 phuc tap hé thng, dong thoi dat muc hiéu suat pho xap
xi mic toi wu. Nghién ciru ddng thoi dé xuat thuat toan thiét
ké ma tran két hop tai phia thu theo phuong phap tdi thiéu
hoa sai s6 binh phuwong trung binh (Minimum Mean
Square Error - MMSE). Cudi cuing, nghién ctu sir dung md
phong dé so sénh hiéu qua cua thuat toan duoc dua ra voi
phuong phép sir dung ma tran tién mé héa sb toi vu.

Tir khéa: Massive MIMO, Hybrid Beamforming,
Precoding, 5G.
l. MODPAU
Hién nay, véi céc k¥ thuat xir ly tin hiéu tai lop vat ly
nhu da Ang-ten, ma hda kénh, hiéu suét pho tin higu duoc
cai thién dang ké [1]. Tuy nhién, trong twong lai, khi k¥
thuat xu ly tin hiéu tai 16p vat ly da dan dat dién sy béo
hoa va khdng con ning cao dugc higu suét pho dé c6 the
dap ung nhu cau vé& luu luong du lieu [2]. Dé giai quyet
véan dé nay, ma rong dai bang tan cho tin hiéu vo tuyén &
dai tan s6 ngén (milimet) 1a mot giai phap hiéu qua [3.] Ky
thuat sir dung séng vo tuyén budc séng milimet trong
truyén thong trong nha da duoc thir nghiém va c6 toc do
truyén tin hiéu cao, dat muc gigabit/giay [4]. Tuy nhién,
viéc tang tan s6 séng mang khién cho cudng do tin hiéu
chiu suy hao I6n hon [5]. Bu lai, véi budc séng séng mang
ngan, cac Ang-ten c6 thé dugc ghép sét nhau, tao ra cac
mang Ang-ten s6 luong 16n. Mang Ang-ten s lugng Ion
¢ hé sé ting ich 16n, dong thoi cho phép truyén nhiéu
ludng tin higu cing luc qua d6 1am tang higu suat pho [6].

Khéi tién ma hoa tin higu cia hé théng vién thong
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budc séng milimet c6 nguyén ly gidng véi hé thong vién
thong dang dugc su dung, nhung chiu thém nhitng gidi han
vé phan cang. Dac biét 1a qua trinh xir 1y ki thuat sé cho
ma tran tién ma héa yéu phan cang RF chuyén dung cho
mdi phan ti/mang phan tir Ang-ten. B4i véi hé théng cuc
nhiéu Ang-ten (str dung budc séng milimet, van dé tao bap
s6ng hoan hoan toan bang bién d6i s6, dua trén ma tran
tién ma hoa l1a khong thyc té do chi phi cao va phuc tap
[7]. Vi vay, trong hé thdng 5G cuc nhidu Ang-ten can tao
ra nhitng bip song su dung két ‘hop gitra xu Iy tin hiéu
tuong tu & bang tan séng vo tuyén thong qua cac bo dich
pha va ma tran tién ma hoa ¢ bang tan co s¢ dang la giai
phap tin cay [8]. Tac gia trong [9] da dé& xuét nhiing giai
phép xir ly tin hiéu twong tu c6 do phirc tap thap. Trong
d6, cac nghién ctru [10] dwa ra phuong phap dicu khién
chim tia str dung bo dich pha. Tuy nhién, nhirng nghién
ctru ké trén chua tap trung vao hé théng da Ang-ten bugc
s6ng milimet véi mang Ang-ten lén.

Trong nghién ctru nay, ching toi tap trung vao phuorng
phap tién ma hoa va dé Xuat thuat toan ti wu véi cac yéu
t6 giéi han vé phan cing, s lugng Ang-ten 1on. Phuong
phép tién mi hoa thuong dugc str dung cho céc k¥ thuat tao
blp song, hd tro truyen da luong (RF Chain) trong hé théng
truyén thong. Két qua ban dau vé céch tiép can tién ma hoa
da duoc trinh bay trong [11]. Tac gia trong [12] xu ly vén
dé tao bup song bang bé mat phan xa thong minh. Trong
khi d6, van dé xay dung ma tran tién ma hoa tdi wu trong
céc hé théng nhiéu ludng, cuc nhiéu Ang- -ten tré nén vo
cuing phirc tap, do viéc xay dung ma tran tién ma hoa Can
dua trén thong tin trang thai kénh. Khi h¢ théng 5G ¢6 s6
luong dng-ten cuc nhicu, vigc tinh toan, hay udc lugng
thong tin trang thai kénh tré nén qua t6n kém, hodc tham
chi khong thé trong cac moi truong kénh Pha-dinh. Vi vay,
thay vi gidi truc ticp bai toan t6i uru, ching t6i tim ma trén
tién ma hoa can t6i uu bang cac phép xap xi dya trén tinh
chat kénh truyén. Tiép theo, chung toi nghién ctu phia thu
va dua ra thuat toan thiét ké ma tran két hop theo phu’orng
phép MMSE. Cubi cing, chung t6i dua ra cac két qua mo
phong ching minh hiéu qua cia phuong phap thiét ké.

Ky hiéu: Chit in dam, viét hoa d& cap dén ma tran, chir cai
viét thuong in ddm dé cap dén Véc-to. Iy 13 ma tran don
vi K x K. Toan tir E {.} 1a ky vong ciia mot bién ngiu
nhién. CN (m;o) biéu thi mot bién ngiu nhién Gaussian
phirc vé6i trung binh m va phuong sai 6. Ki higu ||. || biéu
thi chuan Euclide. Tr(.) | tong cic phan tir trén duong
chéo chinh ctia ma tran. Rank (.) 1a hang ma tran.

Il. MO HINH HE THONG
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Hinh 1. So' d6 diéu khién bup song lai trong hé
thong 5G

A) Hé thang tgo blp séng véi ma trdn tien ma hoa

Ching t6i xem xét mot hé théng truyén thong da
Ang-ten (MIMO) nhur mo ta trén hinh 1. Hé thong gom c6
N, Ang-ten phat, truyén di Ny ludng dir liéu doc 1ap toi N,
Ang-ten thu. Hé thong thong sir dung NRF ludng tin hiéu
vo tuyén. Bén khdi phat, ma tran tién xir Iy bang tin co ban
Pg; kich thude NRF X Ng va ma tran tién xir Iy song vo
tuyén Pgp kich thuéc N, x NRF duoc st dung. x =
PrrPggs, VOi s 1a vector kich thudc Ng X 1 théa mén

N 1
E[ss*] = I
chiu nhidu méi truong sé dugc viét thanh:

y = /pHPgePggs + 1, ey

trong d6, p 1a cong suat phat trung binh, H 14 ma tran kénh
kich thuéc N, X N; va n Ia vector nhiéu Gauss végi cac
phan ti tuan theo phan phoi xac suat CN (0, o2).

Iy Pgg Tin hi¢u sau khi di qua kénh truyén va

Hé théng thu sir dung NRF ludng séng vo tuyén, ma trn
két hop song vo tuyén G kich thudc N, x NRF va ma
tran két hop bang tan c6 s¢ Ggg kich thuée NRF x Ny. Sau
xtr 1y, tin hiéu thu dugc biéu dién

y = /pGppGipHPRrePggS + GipGren. (2)

Dat GBBGRFHPRFPBB = Hnew Va GBBGRFH | e h|eu
sudt pho R khi d6 s& duoc biéu dién theo cong thirc (3)
nhu sau:
p -1 *
R = lng lNS + ﬁRn Hnew I-lnew

s

) @)

trong d6 R,, = UNGBBGRFGRFGBB 1a ma tran hiép phuong
sai cua tin hiéu nhiu. Hay ngén gon hon, ta c6 thé viét

R =1log, (|In, + SINR X Hye, Hyey, |) - 4)
B) M0 hinh kénh truyén

NtNr
NClNray

Nray

H=

tha i. (¢f, 05) va (¢h, 65) 1an lugt 1a cac goc phuong vi
va goc nang truyén va nhan. Cac ham A (¢pf,05) va
A (@5, 85) 1a cac hé s6 khuéch dai ciia mot Ang-ten don
tai cac goc di va dén tuong Gmg, con at(qbl,, 05) va

a,(¢f, 8%) thé hién dép ing cia mang Ang-ten d6i voi cac
goc do.

Céc goc clia tia tan xa xut phét tir mot cum tuan theo
phan phdi x4c suit déu, twong tw nhu goc cia cac tia truyén
den Céc ham a(¢y, 0;) va ar(cpu, 6},) chi phu thudc vao
cdu tric cia mang Ang-ten ma khong phu thudc vao tinh
chat cua cac Ang-ten thanh phan.

IIl. THIET KE KHOI TIEN MA HOA NHAM TOI WU
HIEU SUAT PHO

Nghién ctru nay dua ra giai phap c6 thé ap dung cho
moi cach sap xep mang Ang-ten. Muc tiéu ctia nghién ctru
1a t6i wu hidu suat phd dugc tinh toan trong cong thirc (4).
Cong thirc (4) c6 4 bién ma tran 1d cac ma trén
Ggg, Gry, Prr, V@ Pgg. Viée t6i wu dong thoi nhiéu bién
khién cho bai toan tr¢ nén phuc tap. Dé don gian hoa, cac
khéi tién mé héa s& dugc xem xét riéng biét va ta s& t01 uu
lwong tin chung gitra 2 ma tran Pgg va Prg thay vi tdi uu
hiéu suét phé. Luong tin chung cia 2 ma tran dugc tinh
theo cong thirc

[(Pgg, Pgg) = log, (| Iy,
+L2HPRFPBBP§BP1§FH* |) (6)
Nsan

Bai toan dugc dwa vé dang toi uu I(Pgg, Pgg) véi
diéu kién [|PrgPggll% = Ny (diéu kién chuén héa cong suét
phat). Bén canh d6, ma tran P duogc chon tir mot tap hop
cac ma tran cho trudce. Do do, ta s€ xem xét su sai khac
giita PrpPgp thuc té va ma tran tién ma hoa téi vu trén Iy
thuyét | -

Phén réd gia tri don 1é cia H, cO H = UZV* véi U la
ma trin tryc giao kich thude N, X rank (H), X la ma tran
duong chéo kich thudc rank (H) X rank (H) véi céc tri
riéng xép theo th ty giam dan, va V 1a ma tran tryc giao
kich thudc N; x rank (H). Tir d6, cong thic (6) duge viét
lai nhu sau

I(Pgg, Pgg) = 1log, (I Lrank (H)

p * * *
2 22V*PrePppPssPrrV |)- (7)
s0q

+

T Y ay A (P, 0 AP, 05)ac (B, 05)ay(dh, 65)". (5)

Cong thirc (5) biéu dién ma tran kénh theo cac géc
tan xa dya trén mo hinh kénh Saleh-Valenzuela [4]. Kénh
ma trén H duoc coi 1a téng cia N, cic cum tan xa, trong
d6 mdi cum c6 Nray duong truyén. O day a;; ~ CN(O Ogir

voi aa‘l) la hé sé phuc cua tia tha [, tao ra boi cum tén xa
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Per, Pag) = | ( +-2
(Prr, Pgg) 082 rank(H) Nzl o 22

2)+10g2<IN

P
Iy. +—=2X
Ng NSO}% 1

I(Pgp, Pgg) =~ log, (

P
N,o?
p
Iy, +——1x2
Ng NSUE 1

D

~ log, ( Iy, +

~ log; (

Bl &

p top
—(Iy, + 2) Iy, —
( Ns N o2 N.o? ( Ns

I p ¥2 Tr ¥2(1
—tr Ns+m1 m1(NS—Q11)

> — tr(Iy, — Vi PrePppPspPrr Vi)

p
Iy +—— Nyo2 21 Q11

|

)z log, (

) ©)

)

Q.1)

(10)

Ta tiép tuc xem xét cac thanh phan cua 2 ma tran V
vax:
2 0 ) Lo .
x= 0 22] ,V=[V; V;], trong d6 Z; cd kich thudc
Ng x Ng va V; c6 kich thude Ny X Ng. O day, ma tran V,
chinh 12 ma tran t6i uu trén Iy thuyét P, tuy nhién V;
khong thé biéu dién dudi dang PrpPgg vOi Prp nam trong
tap hop duoc cho trude. Neu PrrPgp duoc thiét ké du sat
v01 P,pt, lugng tin chung t6i wu trén thuc té s& dat duoc
gan voi 1y thuyét. Mitc chénh léch nay dwoc dinh nghia
qua 2 phép xép xi sau: 1) Cac gi4 tri riéng cta ma tran
Iy, — Vi PrpPpgPgpPrpV; dugc xem la nho, va khi gid tri
don ctia V5 PrpPgg nho, V5 PrpPgp duoc coila = 0.

Dé don gian, ta dit ma tran V; *PrpPppP3pPigVj, VO
i,j € [1,2] la Q; ;. Nhu vay, ta co dang thirc sau:

Q11 Q12] (8)
Qz1 Qual

Theo 2 phép x4p xi, ta nhan thdy cac dai lugng Q;5, Qz1,
va Q, gan véi 0. Do d6, lugng tin chung giita 2 ma tran
I(Pgg, Pgg) co thé tinh theo cong thic (9). Str dung cong
thirc phan bu Schur va cac cong thirc xap xi, cong thirc (9)
tiép tuc dugc don gian hoa thanh cong thire (10).

V*PrpPggPgpPrrV = [

53|) chinh 12

con dai lugng

O day, ta thay rang log, (|INS +
lwong tin chung tdi wu khi st dung |
tr(Iy, — V5 PrePggPsgPisV1 ) thé hién do léch cua luong
tin chung thuc t€ so voi muc toi vu. DE toi thieu do léch
ndy, ta tim gia trj 16n nhét cua tr (V;PrpPgg), tuong

duong véi viéc t6i thiéu h6a [| Py, — PrePesll .

Dé giai quyét van dé tbi uu trén, ta sir dung mot s6
nhan xét sau:
Nhdn xét 1: Véc-to dap ing clia mang Ang-ten a (¢}, 0})
tao ra mot khoang cach tuyén tinh hiru han cac hang cua
ma tran kénh. Khi c¢6 dicu kién NgNp,y < Ni, Véc-to
a. (¢, 85) s& doc lap tuyén tinh. Khong gian cac hang cua
ma tran kénh s€ c6 hé sO tOi ti€u khi NNy, <
min(N,, N;).
Nhdn xét 2: Cac cot ciia ma tran POpt = V1 lién hé vai

a (¢}, ll) thong qua mot phép bién d01 tuyén tinh. Do do,
Popt c6 thé biéu dién thong qua cac td hop tuyén tinh cia

ac(oi, 0i).
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Nhdn xét 3: Véc-to a(¢p5, 05) ¢6 cac thanh phan c6 bién
d6 giéng nhau, chi khac nhau vé pha. Do do, at(qbl,, ”)
6 thé duoc thue hién bé'mg cac bd dich pha va cac td hop
tuyén tinh ty y cta a, (¢}, 65;) duoc tao ra bang b tién
ma hoa s6 Pgg.

Bai toan duoc dua vé dang:

(PRr/Pgp ) = argmin | Pop — PrePyg I, (11
v6i diéu kién
(l) € {at(d)w ll) [1<i< Ncl: 1<1< ray}
(12)
IIPRFPBBMF =

Trong d6 diéu kién gi6i han cua PéiF) ¢6 thé gop chung vao
dai lugng can toi uu. Do @0, ta c6 bai toan twong duong:

5opt — . _ 5 1
PBB arg mln"Popt AtPBB"F' (13)
v6i diéu kién
[”diag (PssPss)ll, = NE 14)
~ 2
”AtPBB"F = NS'

O day ta co:
A= [at(ﬁbip 9%,1)» s At ((l)ltvcl,Nray! glt\lcl,Nray)] la ma
tran c6 cac cft la cac véc-to dap rng ciia mang Ang-ten.
Cac ma tran A, va Pgg 13 cac an phu giup tinh toan don
gian hon, tir cac 4n phy c6 thé giai duge Pgb', PR,

Diéu kién |l diag (PggPsg) llo= NXF thé hién Py
khong c6 qua NRF hang khac 0. Khi Pgg c6 dling NRF
hang khéc khéng, ngt s& nhan NRF hang khac khong tir
Pgg, con PgP' nhan NRF cot tuong ang tir A;. Cac bude
tinh toan ma tran tién ma hoa dugc thé hién trong thuét
toan 1.

Sau khi thyc hién NRF vong lip, ta tao duge ma tran
PRF Vé PBB thoa man "Popt - PRFPBB"F dat glé trl nho
nhat. Cudi cung, ||Pgpe — PrPgg|| . ddm bao sy gii han
vé cong suét phit.
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G3aGry))] a7

= tr(E[s"]) — 2Re(tr(E[sy"]GppGrr)) + tr(GppGrrE[ss"]GppGrr) -

IE[”S - BG*RFyni] = E[(s — GggGRrY)“(s — GppGrry)]
= E[(tr(s — GggGrpy)" (s —
J(Ggg, Grp) = tr(Gummse E[yy " 1Gumse) —

2Re (tr(E[sy*]GrrGpp)) + tr(GppGreE[ss*]GppGir)

= tr(Gmmse E[yY“1Gimse) — 2Re (tr(Gamse E[yY“1GreGag)) + tr(GipGreE[ss*1GEpGip)

= tr((Gypmse —
. 2
= |[E[yy ]1/2(GMMSE - GRFGBB)”p-

Gph' = arg min Il E[yy*]Y?(Gumse — E[yy*D)/?A,Ggg 1%

GppGrp)Elyy 1(Gymse) —

GieGir))
(18)
(19)

Thuit toan 1 Thiét ké khoi tién ma hoa

1. Céhntim: P,

2. Khoi tao Pgg 12 ma tran rong.

3. DitP, =P,,.

4. Véii = 1:NFF thuc hién

5, W= AP,

6. k= arg  max (P¥);,
= clNray ’

7 Ppr = [Pre | A(k)]

. RF RF | A
8. Pgs = (PrePrr) ' PrePopt
9. P = Popt—PRFPBB

IPopt—PrEPBEI

10. Két thic vong lap

=\/F Pgp
S

[}5:324:7:1
12. Tra v‘é POpt = PRFPBB

11. Xac dlnh PBB

IV. THIET KE HE THONG THU SU’ DUNG MMSE

Trong phén trudc, ta dd gia st rang phia thu c6 thé
giai ma tdi vu tin hiéu duoc truyén di tr phia phat. Tuy
nhién, b giai ma dap img dugc yéu cau nay c6 do phuc
tap cao va khong thuc té. Trong thyc té, nhitng thuat toan
giai ma dugc dung nhu MMSE thuong duge wu tién st
dung boi c6 d6 phurc tap thap Trong phan nay, nghién ctru
s& dé xudt giai phap thiét ké ma tran tong hop tuyén tinh
ding dé tao bup séng lai véi do phirc tap thap.

O day, ta coi cac ma trin PgpPpp di cd dinh, muc tiéu
s& 14 thiét k& cac ma tran két hop GrpGgp sao cho sai sb
binh phuong trung binh binh phuong (MMSE) nho nhét.
Vian dé dugc biéu dién duéi dang:

(Gopt opt

opt, = argmin E[lls — GpgGreyll;], (15)

voi Grp thudc tap hop cac ma tran cho sin. Trong truong
hop khong c6 gidi han cua Ggg, nghiém cua (15) duoc
giai theo phuong trinh (16). Twong tw v6i truong hop ma
tran tién ma hoa P, , ma trn két hop Gymsg khong thé
biéu din dudi dang tich cia Gz Grp
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voi Ggr thudc tap cho trude. Dé giai quyét bai toan (15),
dau tién, ta khai trién MSE theo cong thic (17).

Trong phan nay, chling ta giai quyét bai toan ti wu
v6i hai bién Ggg VA Ghg, Vi vay, ta c6 thé thém bat vao
ham can t6i vu mot dai lwong ddc lap vai hai bién noéi
trén ma khong thay dbi ban chat vin dé. Nhu vay, khi
cong thém vao cong thirc (17) dai luong
tr(Gummse ELYY " ]Gumse) — tr(E[ss*]), ta s€ tim gia tri
nho nhat ctia ham can t6i wu trong cong thic (18).

Tir dy, ta nhan thiy bai toan thiét ké bo thu MMSE
kha giéng v6i thiét ké bo tién ma hoa. Vi vay, tuong ty nhu
& chuong trude, ta khong thé giai truc tiép bai toan nay,
thay vao do, ta s& tim thiét ké gan toi wu bang cach giai
(19) v6i ||diag (GppGgg)ll, = NFF. Trong (19), cac ma
tran A, va Ggg 1a cac an phu c6 vai tro twong duong nhu
cac an phu dugc dat trong bai toan thiét ké khdi tién ma
héa. Thuat toan 2 liét ké cac bude tinh toan ma tran két
hop & phia thu.

Thuit toan 2 Thiét ké khoi két hop

1. Can tim: Wyyse
Khéi tao ma tran rong Ggg.
Gres = GmmsE-
Voii = 1: NRF thyc hién
¥ = ALE[yy"]Gres
k = ar 8,

o gk~ N

max
=1,..,N¢iNray

“1Gre) ' GreE[yy*1Gumse

Gmmse—GRrrGBB
8. Gres=—7"——
lGmMmsE—GRF GBI £

(PY)

7. Ggg = (GgpElyy

9. K&t thuc vong lap
10. Tra vé Wymse = GggGres

Trong phan III va IV, nghién ctru da d& xuat thiét ké
cac khdi thu va phat bang cach xét 1an lugt timg khbi mot.
Tuy nhién, trong mot s6 truong hop cu thé, viéc tbi uu
dong thoi ca hai qué trinh phat va thu 1a can thiét.

Trong truong hop N** = 1, do phia thu chi tao duoc
blp séng theo mdt hudng, né€u tin hi¢u dugc phat di theo
NRF huéng khac nhau, cong suat nhan dugc s& giam dang
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ké. Do do, ta s& dua ra tht tu thiét ké cac khdi tién ma hoa
va két hop.

e Néu NRF < NRF:
1 Thiét ké PgpPgg theo thuét toan 1
2 C6 dinh PggPgp, thiét ké GrpGgp theo thuat
toan 2
e Néu NRF > NRF:
1 Coi PrpPgp = Poyy 1di tinh GrpGpp.
2 Coi kénh truyén 1a Gz GreH, rdi tinh PrpPpyp.

V. KET QUA MO PHONG VA THAO LUAN

Trong bai bao nay, nhom da thuc hién mé phong véi céc
tham s6 hé thong dua trén s ligu dang duoc cong dong
nghién cau str dung [13], d6 1a NRF =8, NRF =8, N, =
64, N, = 16. Ciing nhu vay tin sé song mang dwoc md
phong ¢ 2 tan sb, mot 1a 3.7GHz, hai 1a tan s6 co budc
s6ng milimet, cu thé 1a 6GHz.

Az 90

X EIO

Az 0 az
EIO

Hinh 2. Blp song téi wu cta hé thong 5G tai tan
S0 6Ghz, 64 Ang-ten phat.

z
Az0

y

Az 90
EIO
X
Az0
EIO

Hinh 3. Bip song hé théng 5G tao béi phuong
phap lai tai tan s6 6Ghz, 64 Ang-ten phat.

V6i cac tham sb hé thdng ké trén, bap séng tdi vu cua
hé théng 5G, thuc hién tao bip séng bang phwong phép
tién ma hoa s thu dwoc c6 dang nhu hinh 2. D& thay céac
blp sdng gon, tach bach véi blp séng phu tét. Cac blp phu
hau nhu khong dang ké. Chuyén sang thuc hién viéc tao
blp sdng bang phuong phap hybrid, hay con goi 1a phuong
phép lai, ta nhan dugc bup song nhu hinh 3. Viéc sir dung
phuong phap lai cho d6 phuc tap ctia h¢ thong giam di rat
nhiéu. Poi lai, cac ‘blp song co su tach bach khong dep
nhu phwong phap t6i vu. Tuy nhién cudng do cua cua blp
chinh 13 hoan toan I4n an cac blp phu.

Két qua twong tu c6 thé nhan duoc tir hinh 4 va hinh 5,
noi cac bup séng duoc tao ra bai phuwong phap téi wu, va
phuong phap tao bip séng lai.
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Az 90
EIO

Hinh 4. Blp song t6i wu clia hé thong 5G tai tan
s6 3.7Ghz, 64 Ang-ten phat.

Az0
EI90

Az 90
EIO

Hinh 5. Bdp song hé théng 5G tao béi phurong
phap lai tai tan s6 3.7Ghz, 64 Ang-ten phét.

O day co thé thay diéu tha vi 1a ¢ tan so thap, viéc tao cac
bup song s& o bé rong 16n hon so vai tan sb cao. Didu nay
phu hop v6i myc ti€u tao ra cac bip song nho, cuong do
16n dé giam suy hao va tang hi¢u qua truyen tin hiéu ddi
v6i hé thong sir dung tan sd ¢6 budc song ngén.

20

— A -Ns=4 optimal
— A -Ns=8 optimal
Ns=4 hybrid
Ns=8 hybrid

o

o

Spectral Efficiency (bits/s/Hz)
o

0 " L L L L L
-40 -35 -30 -25 -20 -15 -10 -5 0
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Hinh 6. Higu suédt phé ctia hé théng 5G véi s6
lwong cac ludng tin hivéu khéc nhau tai tan s6
6Ghz, 64 Ang-ten phat.

N
o

— A -Ns=4 optimal
- A —Ns=8 optimal
Ns=4 hybrid /
Ns=8 hybrid

o

Spectral Efficiency (bits/s/Hz)
(4] 8

0 " . L L . .
40 35 -30 -25 -20 -15 -10 -5 0

SNR (dB)

Hinh 7. Hiu suét ph6 cta hé théng 5G voi
80 lwgng céc ludng tin hiéu khac nhau tai
tan s6 3.7Ghz, 64 Ang-ten phét.
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Hiéu suat pho ciia hé théng 5G véi s6 lugng cac ludng
tin hiéu khac nhau mé phong & 2 dai tan s6 3.7 va 6Ghz
dugc mo ta trén hinh 6 va 7. Tai Ny = 4, nghia 1 4 luong
tin hiéu duoc truyen trén 64 Ang-ten. Tuong duong voi 4
méang Ang-ten, m&i mang chira 16 Ang -ten phat mot ludng
tin hiéu. Tai N, = 8, s& c6 8 mang Ang-ten, md mang chua
8 Ang-ten phat.

N
o

—&— Ns=8 optimal 264 x 16
—6—Ns=8 hybrid 264 x 16
b |= © =Ns=8 hybrid 64 x 16
= B =Ns=8 optimal 64 x 16

27
264N, x 16N ;N_=8 x’/
ol

N
o

o o

Spectral Efficiency (bits/s/Hz)
(%)

-40 -35 -30 -2‘5 -éO -1‘5 -1‘0 -‘5 0
SNR (dB)

Hinh 8. So sanh hiéu suét phé véi cac tham sé
gbm: S6 lubng tin hiéu N, sbé Ang-ten thu phat
Ian luot Ia N, va N,, giita phuong phép t6i wu va

phuong phap lai, tan s6 6Ghz.

Hinh 8 so sanh hiéu suat pho cua ca hai phuong phap
t6i wu va phuong phap lai v&i cac tham s6 gom: sd Iuong
tin hiéu Ny, s6 Ang-ten thu phét lan luot 1 N, va N,. O day
rd rang véi cing mot sb ludng, tuy nhién hé théng Vvéi 264
Ang-ten phat mang hiéu suat phd cao hon khoang 4.5
bit/s/Hz. Trong khi d6, v4i cling s Ang-ten phat, h¢ thong
st dung phwong phép tdi wu t6t hon khoang 1.5 bit/s/Hz
S0 Vi phuong phép lai.

Phuong phap t6i vu tét hon dang ké so voi phuong phap
lai khi s6 Ang-ten phét ting 1én. Diéu nay c6 thé giai thich
do kich thuéc ma tran tién ma héa 16n 1én, thong tin trang
thai kénh nhiéu 1én, va phuong phap t6i wu khi d6 sé& t6t
hon so v&i phuong phap lai. Tuy nhién d6i lai, sy phic tap
cua hé théng cua phwong phap tdi wu s& rat cao, va khong
thuc té.

VI. KET LUAN

_ Viéc sir dung phuong phép st dung ma tran tién mé hoa
16i wu d¢ tao ra cac bup song trong h¢ thong 5G cuc nhiéu
Ang-ten la khdng kha thi trong thuc te, do dét do va do phirc
tap cao. Chung t6i da tan dung tinh chat caa kénh truyen o
bude song milimet dé xay dung phuong phép tao blp song
lai, trong do thay vi tinh ma tran tlen mé hoa t6i uu, nghién
clru nay tim ma tran tién méa héa gan t6i uru bang cac phép
Xap xi dua trén tinh chét kénh truyén. Tiép theo, ching toi
chi ra ring c6 thé s dung b6 loc MMSE véi do phuc tap
thap cho hé thong thuc te. Cudi cung nghién clru da trinh
bay két qua vé hiéu suat phd cua phucmg phap dé xuit gan
nhur ti¢m can véi phuong phap toi wru. Vige tao ra cac bap
song gan giong véi cac mau duoc tao ra boi dinh dang
chum t6i wu.
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SPECTRAL EFFICIENCY ENHANCEMENT
USING HYBRID BEAMFORMING IN 5G
MILLIMETER-WAVE SYSTEMS.

Abstract: The 5th generation (5G) wireless
communication systems and beyond have begun to use
millimeter wavelengths, which suffer from great loss in
transmission over long distances. To exploit this
frequency band effectively, the Antennas need to have a
gain factor large enough to compensate the loss of the
fading, or to produce beams small enough to concentrate
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the energy. By using additional digital precoding matrix
in the baseband, it is possible to influence the Antenna
arrays to generate beams in the desired direction,
increasing signal strength and spectral efficiency with
limited transmit power. However, this method has high
cost and complexity, it is not suitable in practical
conditions. This study presents a method that combines
signal processing in the baseband and radio
frequencyband to reduce the system complexity and
achieve an approximate level of spectral efficiency We
also propose an algorithm to design the combining matrix
at the receiver based on MMSE approach. Finally, the
study uses simulation to compare the performance of the
given algorithm with the optimal digital precoding-matrix
method.

Keywords: Beamforming, Digital precoding, 5G, RF.
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