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“Hoc Vién Céng Nghé Buwu Chinh Vién Thong

Tom tar: Hé thong di dong budc song ¢& mm s& mang
lai tbc do c& gigabit/s cho ngudi ding ¢ cac tan sb
mmWave. Dé dat duoc téc dd d6 thi hé thong can st dung
s6 luong ang ten rat 16n tai ca phia thu va phat dé hoi tu
bup song vé phia nguoi dung. Do s6 luong ang ten la rat
16n nén hé thdng tién hoa lai s6 va twong ty s& dugc sir
dung nham giam gia thanh phan cimg. Viéc st dung nhiéu
ang ten va thanh phan tién ma héa tuong tu gy khé khin
cho viéc udc luong kénh chinh xac trong hé thong
mmWave. Rét nhiéu ky thuat da duoc dé xuat dé giai quyét
vén d¢ nay. Trong bai bao nay chung toi s& khao sat cac ki
thuét da dugc dé xuat tir 46 dé ra hudng nghién ciru mo cho
vén dé nay.

Tir khéa: Massive MIMO, mmWave, udc lugng kénh.

I. GIOITHIEU

Heé thdng lién lac mmWave c6 nhiéu loi thé dé dat duoc
dung lugng cao trong lién lac vo tuyen [1]. [2], [3]. Uu
diém ctia bang thong rong trong hé thong mmWave da thu
hut nhiéu nghién ciru nham giai quyét cac van dé con ton
tai dé trién khai trong thuc té [4], [5], [6]. Péc trung trong
truyén séng cia bing mmWave 1a tinh dinh huéng cao
cing v6i suy hao 16n va chi phan tan ra it dudng. Van dé
suy hao 16n trong mmWave duoc bu dip boi do loi tao ra
do sir dung s6 lwong dng ten rit 16n nham hoi tu bup séng.
bé dat dugc sy hoi tu nay thi van dé ude luong trang thai
kénh truyén (CSI) hay noi mot cach khac 1a uwde luong goc
t6i va goc phan xa va phan hoi vé tram gbc (BS) 1a mot
théch thirc can phat trién cac ky thuat méi [7].

Mot hudng nghién ciru dé xuat thuat toan tao bip song
bang ki thut twong tuy ma khong cin biét théng tin trang
thai kénh truyén CSI bang cach diéu khién pha cia timg
ang ten thong qua mang dich pha twong tu [8], [9], [10].
Trong cac nghién ctru nay, chi voi cach thay dbi pha cua
timg dng ten s& tao ra mot tap cic mau bip song hudng vé
cac goc quét khac nhau. Trén co s¢ d6 cac thuat toan udc
lugng da trang thai tao ra cac bup séng c6 do rong khac
nhau véi muc tiéu 1a quét timg goc 16n dé xac dinh hudng
thu/phat sau d6 thu hep d¢ rong bup song dé dinh vi chinh
xac hon bup song cé d6 loi 16n nhét. Viéc st dung k¥ thuat
dich pha roi rac nay sé€ giup giam thiéu thoi gian xé4c dinh
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bup song tdi wu thay vi ky thuat vét can dé xac dinh goc
thu va phat nhu truéc day. Nhuoc diém cia k§ thuat nay 1a
chi c6 mot bip song voi mot ludng dir liéu duy nhit giita
tram thu va tram phat.
Dé giai quyét han ché trén, viéc tao ra cac bup song voi
nhiéu ludng dir liéu dong thoi hay con goi 14 tién ma hoa
dugc dé xuét nham tang hiéu qua st dung phd. Viéc nay c6
thé thyc hién bang cac hé thong tao bup song va tién ma
hoa déu thyuc hién ¢ bang co sd nhung do sy dat d6 vé phan
clng nén viéc tao blip séng trong mién tuwong tu nhan dwoc
nhiéu sy quan tdm va nghién ctru hon [11], [12]. Trong
nghién ctru [11], viéc tao bip song trong mién twong tu
nham giam nhiéu gitra cac thué bao bang s lugng nho cac
bo dich pha ma khong thay ddi vé bién do. Tir d6 co thé
giam duoc do phan giai & cac bd bién ddi twong tu s6 ADC.
Nho @6 Iugng ti€u thy ndng lugng s& dugc giam xuong.
Tuy nhién nghién ctru nay khong danh gia cac dac tinh cla
hé thdng lién lac c6 budc song ¢& mm. Trong nghién ctru
[12], tinh thua thot cia kénh truyén hé théng mmWave da
dugc tinh dén véi didu kién thong tin vé trang thai kénh
truyén CSI 13 hitu han, chi t5i wu riéng ré phia thu va phia
phat. Nhuoc diém khéc cta nghién ciru nay 1a chi xem xét
hé thdng tién ma hod lai twong ty va sé mot ngudi dung.
Khic phuc cac nhuge diém trén, trong nghién ctru [13]
da dé xuat k¥ thuat woc luong kénh va tién ma héa lai twong
tu va s6 ¢ thé tao ra cac bup song c6 d6 rong khac nhau
dé tiém cén v6i hiéu qua cua ky thuat tién ma hoa ky thuat
s6 va phuc vu nhiéu thué bao dong thoi. Nghién ciru [14]
ciing huéng dén phuc vu nhiéu ngudi dung bémg cach lua
chon tap bup song phuc vu tryc giao va nhdn manh tdm
quan trong cuia viéc tdi wu thoi gian woc lugng kénh truyén.
Ky hi¢u: Chung t6i ky hi¢u cac chir cai thuong nhu (e.g.,
a) cho bién sd, cic ma tran va véc to 1a cac chir in thwong

va in hoa dam (e.g., hvaH). I 1a ma tran don vi. O Ia

ma trin khong c6 kich thuée N x N . A’ la ma tran
chuyén vi ctia ma tran A, A’la ma tran chuyén vi lién
hop, E[] la toan tur ky vong.

Il. KHAO SAT KY THUAT UOC LUONG KENH
TRONG HE THONG MMWAVE

A. Hudng tao bip séng bang ki thudt twong tu

Heé théng sir dung cac bod dich pha thay cho cac bd didu
chinh ca pha va bién d¢ cua hé thong tién ma hoa ky thuat
s0. Ky thuat nay sir dung sd luong cac tap dng ten khac
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nhau dé tao ra cac bup séng c6 do rong khac nhau [8]. Tin
hiéu bang tan co so s& duoc diéu ché 1én bang tan v6 tuyén
RF va di qua bo dich pha véi cac véc to trong s6 khac nhau
dé phat vao khong gian. Tuong tu tai phia thu thi tin hi¢u
RF thu duoc cling qua cac bo dich pha véi trong s khac
nhau roi diéu ché xubng bang tan co s0. Muc tiéu cua ky
thuat nay la tim cac Vec to trong s6 ti uu tai ca hai phla
phat va phia thu dé t6i vu mot ham muc tiéu c6 bién s6 vi
du nhur ti 1€ tin hiéu trén nhiéu SINR. Day 1a diéu hoan toan
khac v6i k§ thuat woc lwong kénh truyén thong 1a sir dung
céac chudi tin hiéu hoa tiéu.

Dé dat dugc muc tiéu trén thi dau tién mot ma tran ma
hoa thé hién su két hop gitra s6 luong dng ten, cong suat
phat va pha trén timg cot dng ten nham tao ra nhiéu miu
phat xa dugc thiét lap Thuat toan tlm kiém biip song t6i uru
thuong chia ra nhiéu muec, phat tir mau phat xa c6 bip song
to nhat dé tim huong tbi wu roi tiép tuc do tim véi cac bip
song nho hon cho dén khi tim duoc bip séng nho nhét co
d6 loi cao nhat. Nghién ctru [15] con cai tién ma tran tir ma
@cho phép phat ddng thoi nhidu bup séng ma do can
nhiéu nhé nhét:

o(0,0)

(0,1) o(0,K -1)

1)
o(N-10) o(N-11) .. o(N-1K-1)
trong do, a)(n,k)(n =12,...,

thr K cta tir ma.

N)1a véc to trong sb

Ky hiéu d 1a khoang céch giira cac chan tir dng ten va
bang nira budc song, A 1a bude song va G1a goc cuc ciia
mang ang ten thi hé s6 cia mot mang ang ten c6 thé duoc
viét thanh

Ak,0) = %w(n, k)exp(jx2zn x%xcos(ﬁ))

N )
= o(n,k)exp(jxznxcos(d))
n=0
Pé giam thiéu nhidu giita cac bip séng thi cac cot cia
ma trén tir ma can tryc giao tung d6i mot. Trong [15] thi tur
ma dich pha dugc dé xuat la:

| x 272N x K
onk) =exp@XZKy 3
Nhu vay, véi ang ten co bdn cot chin tr thi s& tao ra
duoc ma tran tir ma sau:
1 1 1 1
1 j -1 -j
4

1 -1 1 -1 ®
1 -j -1 1

Tir ma tran bon tir mé nay thi ¢ thé tao bén bip song.
Néu cong cot 1 vdi cot 2, cot 3 voi cot 4 thi s€ tao ra ma
tran c6 hai tr ma tre 13 hai bp soéng nhu (5). Pay 1a cach
thire tao ra cac ma tran tir ma nhiéu trang thai.
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Vi du, cac mau phét song dugce chia lam ba mirc [8]: ban
nguyét trong hinh 1, khu vyc trong hinh 2, va bip séng
trong hinh 3:

Qo

(oev)
S

O

Hinh 1: Mdu phdt xq hinh ban nguyét.

Hinh 3: Mdu phat xa ciia bip séng
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B. Huéng sir dung tién md héa lai twong tw va sé mot
nguoi dung
O déy, chung ta s& nghién ctru mot hé thong mmWave
nhiéu dau vao va nhi¢u dau ra cd rat 16n bao gom mot tram
goc va mot thué bao. Khac phuc nhuge diém chi c6 mot
blp song cua hé thong st dung ki thuét twong tu, cac hé
thong st dung tién ma hoa lai s€ két hop gilia tién ma hoa
k¥ thuat s6 va tien ma héa tuong tu. Trong do tram goc véi
M g ang ten va c6 Mg bo RF, truyén My ludng dit ligu
dong thoi  t6i
Mg =Mg =M.
Tram goc BS st dung tién ma hoa bang co s¢ kich thudc
BB BB BB
M xM: Fop =[f2,£2,.. 2
ma hoa tuong tu kich thudc |\/| s X Mg
RF £RF RF
Fee =[f7 .1, ""fMS] (6)

Tin hiéu dugc truyén di 1a
X=FFaS (7)

M,dng ten cua thué bao, véi

] r6i dua dén tién

trong d6 S=[S,,S,, Sy ]T la véc to cla tin hiéu phat

1
coE[ss"]=— I,
M
pha twong tu nén cac gia tri cua né 1a hang sé théa méan

2 1
E _
‘[ - M.

. B&i vi bo RF str dung céc b dich

Hay n6i mot cach khac,

i#nn

e , trong do ¢m’n la géc pha duogc

1
[FRF]m,n =
N, Mg

luong tir hoa. Pé thoa min giéi han vé cong suit
2
|FeFos| = M.
Tin hiéu nhan dugc tai phia thu la:
Hyp/H H \H
y= ‘\/;WBBWRFHFRFFBBS +WpegWrel.(8)
trong ¢6 H1a ma tran kénh truyén MMS X MBS gitra

tram géc va thué bao, N~ CN (0, 1) 1a nhidu Gauss, P
dai dién cho cong sudt phat va Wgg, Wy la ma trén Kkét
hop phia thu. Kénh truyén duoc gia dinh ¢ L tin xa cho
thué bao [16], [17]. Dung lugng hé thong dat duoc la:

_ P p-1\a/H \\/H H =H
=log, 1+ M R Wag Wae HF o Fog Fas Frr
; ©
H

xH" WerWg),

trong do, Rn = Gs W;BW,;'FWRFWBB la ma tran
tuong quan nhiéu sau két hop.

Viéc tim tdp cac ma
(Fse, Faes Wi, W) dé tang dung lugng hé thong theo

trin  t0i  uu

cong thire (9) 1a phirc tap vi vay trong [12] d& xuét tach vige
toi vu tai hai phia thu va phat. Tai phia phat s tim tap ma
tran (Fse, Fag) sao cho
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Iog2(1+|vI HFRFFBBFB*'BFFL*FH ) (10)

1 16n nhét.
Mot trong nhitng tap gan tbi uu cta (10) 1a:

(R Feg) = max O(Fee, Fog)

RF BB

st Ry e FRF
|FRFFBB|2

trong d6, Fir 12 tap gid tri c6 thé cua tién ma hoa Fop

11)

C. Hudng sir dung tién ma héa lai trong tir va sé nhiéu
nguoi dung

O day xem xét mot hé théng don té bao da nguoi ding
c6 mot tram géc va Kathué bao. Tram géc BS dugc trang
bi Mggang ten va MRF bo RF. Mbi thué bao c6 Mg

ang ten, va gia dinh rang chi co mot luong dir li€u voi tram
gbc. Hon nita, & day gia thiét rang tram gdc BS chi lya chon

tap thué bao K, ={1,2,..., K.} tir K, thué bao dé phuc
vu. Vi thé tong s6 Iluong dir licu 1aM s, va
Mg < Mg <Mgg

Tram gbc BS sir dung tién md hoa bing co s
Foe =[f5, 15, fBB] voi kich thuoe Mg x Mgtheo
sau 12 tién ma hoa RF Fo =[F7, 5.
X Ms . Vi vdy, tin hiéu truyén di 14

X =FoeFgss, (12)

M5 hinh kénh truyén 1a fa dinh khéi hep, thué bao U s&
nhén duogc tin hiéu [12], [13], [14]:

H H
yu = \/;Wu HUFRFFBBS +Wu nu ' (13)
trong do Hu v6i kich thude MMS X MBS

RFY. .. 1
'st ]véi kich
thude Mgg

la ma trdn
kénh truyén gitra tram gbc BS va thué baol,

~ON (0,1 1a nhidu Gauss, pthé hién cong suat
phat va w, €[] Nusd 13 ma tran két hop RF. O day gia
dinh rang kénh truyén gom Lu tin hiu tan xa cho thué bao
U [16], [17]. Vi thé, kénh truyén H,, c6 thé duoc biéu dién
nhu sau [21]:

H, = MBSLUMMSZ 1y 8 (0, )2t (1), (14)

trong do ¢, la do loi cua dudng thirl 9u,| va
#,, €[0,27]1a géc t6i va goc phat (AoAs/AoDs) cita

Ays (HU’I) Va 8gg (¢u’|)1a véc to dap tng

mang ing ten ctia tram gdc BS va thué bao U .
O day gia dinh ang ten mang tuyén tinh (ULA) dugc st
dung, véc to dap tng dugc dinh nghia nhu sau [21]

duong thul ,
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s 0,) =N/Mitl,e””i---,e”““m1)6]1
s 1) / e, e 0,
BS

. dsin(g, d sin(4,,)
trong d60= :
A A
song cua tin hiéu, va d 1a cu ly gitra cac chin tir ciia dng
ten.
Viéc udc lugng kénh truyén ¢ day tré thanh cac tham so

(15)

Ala budc

cia L kénh truyén bao gdm goc phét, goc toi va do loi cua
mdi duong.
H H

Yoq =Wq Hf S, +wing ., (16)

Khi truyén tin hiéu u6c lwong kénh thi tat ca cac tin hiéu
déu bang nhau S = \/E| M

Vi vay,

=JPW"HF +Q(17)
Véc to héa ma tran ta c6 [13]:

=P (FT @ W")(Ag0A,6) +Ng. (18)

Qua trinh u6c lugng duoc chia lam S giai doan, va Kkét
qua cua giai doan trudc s& 1a dau vao dé thiét ké cac ma
tran tién ma hoa cua giai doan ti€p theo [13]:

= \M(Fl)T ®\A/(|:))(A;S,DOAMS,D)Z +N,

Y, :«/P ((2) ®VV(|;))(A;S,DOAMS,D)Z+n2 (19)

\f ) ( (5)T ®V\/(|;))(A;S,DOAMS,D)Z+nS

Thuat toan khai tao véi viée chia vée to Z thanh mot sb
phén doan twong tng véi viéc chia goc tdi va goc phan xa
thanh goc nho. Viée thiét ké cac ma tran tién ma hoa F(l)
va ma tran két hop W(1) dé xéc dinh cac goc nay. Két qua
Y, dugc st dung dé xac dinh céac goc ¢o chét lugng kénh
truyén t&i wu nhit. Sau d6 cac goc nay lai duogc chia nhé

hon nita vdi mure chia phu hop.

Mot vi du vé mot bo tir ma nhiéu mirc phan giai [13]

t t t

AoD} t t t
fl(l) [E... : E.0. |
AN S
Fy [ L . LR LJE, LE, 1] LIE. 1

Hinh 4: B¢ tir ma ba muc dg phan giai.
Két qua s& co mau bup song nhu hinh 5 [13]

I
27

-l
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Hinh 5: Bup song twong vng voi bo tir ma.

. HPONG NGHIEN c’U TIEP THEO

Trong bai béo nay chung ta da nghlen ctru cac k¥ thuat
uGc luong kénh trong hé théng vo tuyén nhiéu dau vao va
nhiéu dau ra ¢ rt 16n & bude song ¢d mm giai doan 2009-
2021. Ky thuat udc lugng kénh trong hé théng mmWave
thay d6i tir cach tiép truyén thdng str dung chudi tin hiéu
hoa tiéu sang xac dinh cac goc t6i va goc phan xa cua kénh
truyén. Xuét phat ban dau 1a cac nghién ctru dé xuat sir
dung k¥ thuat trong ty thay dbi pha cua tin hiéu nham do
quét cac bip song véi do rong hep dan nham tim ra goc t6i
va goc phan xa téi wu nhét. Tiép theo cac nghién ctru dé
xudt ap dung cach xac dinh cac trong s tdi wu dé ap dung
tién ma hoa k¥ thuat s ¢ bang co so dé cho phép tao ra
nhiéu ludng dit liéu dong thoi gitra hai bén thu va phat. Cac
nghién ciru méi nhét ciing da khai thac va nghién ciru sir
dung déc tinh thua thét vé sb lugng duong tin hiéu trong
qué trinh udc lwong kénh truyén. Tuy nhién con nhiéu dic
tinh cua hé thong di dong bude séng ¢& mm con chua duogc
nghién ciru ddy du cho vin dé udc lwong kénh truyén,
chung t6i liét ké mot s hudng phat trién tiép theo co thé
la:

e  Xem xét sit dung dic tinh ldo héa kénh truyén trong
qué trinh u6c lugng kénh cua cac hé thong mmWave.
Dic trung cua ung dung cua hé thong di dong budc
song mm 14 chi yéu 4p dung cho truyén soéng trong
tam nhin thang do tinh suy hao rat cao khi gip vét can.
Néu nhu thué bao khong di chuyén véi toc d6 cao thi
kénh truyén ctia thué bao s& én dinh, it thay ddi va
chung ta hoan toan c6 thé wéc luong kénh truyén tir
cac gia tri trong qua khir bang ky thuat l3o hoa kénh
truyén.

e L&i cia qué trinh luong tir hod. Trong thyc té thi cac
goc to1 va goc phan xa AoA/AoD dugc lugng tir hoa
va roi rac nén sé phat sinh 18i ciia qua trinh lugng tir
hoé 1én ky thudt udc lugng kénh truyén. Anh hudng
clia van dé 15i clia qué trinh lwong tir hoa can dugc
nghién ciru va dé xuat huéng giai quyét néu can thiét.

IV. KET LUAN

Nhu cau ap dung cong nghé truyén séng & bude song c&
mm di thiic ddy cac nghién ctru vé ky thuat udc luong kénh
truyén nham giai quyét cac thach thirc dat ra dé dua vao
g dung cac hé théng mmWave trén thyc té. Cac nghién
ctru vé k¥ thuat ude luong kénh trong hé thdng mmWave
c6 thé duoc chia ra 1am ba hudng chinh: 1) Hudng st dung
ky thuét tién ma hoa tuong tu, 2) Huong st dung k¥ thuat
tién ma hoa lai twong tu va s6 mot nguoi dung, va 3) Huodng
sir dung k¥ thuét tién ma hoa lai twong ty va s6 nhiéu nguoi
ding. Bén canh do, ching t6i cling da dé xudt hudng
nghién ctru tiép theo ctia ky thuat udc lugng kénh nhu xem
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xét vigc ap dung dac tinh 130 hoéa kénh truyén trong hé
thong mmWave. Chung t6i hy vong riang nghién ciru nay
s& gitp thuc ddy qua trinh nghién ctru vé k¥ thuat ude luong
kénh truyén trong hé théng mmWave nhiéu va hiéu qua
hon nira nhim nang cao hiéu qua cua cac hé thong
mmWave trong tuong lai.
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A SURVEY OF CHANNEL ESTIMATION FOR
MMWAVE SYSTEM

Abstract: mmWave wireless systems bring the speed of
gigabit/s for subscribers. To achieve this speed, mmWave
systems use a very large number of antennas at both the
sender and the receiver. The high cost of RF chains leads to
the use of hybrid precoding in mmWave systems. Another
issue of very number of antennas also makes difficult to
estimate the channel state information. Alot of research to
study on channel estimation in mmWave systems. In this
paper, we surveyed these channel estimation schemes in the
last decade. Based on the survey results, we propose open
research direction. We hope that this work will make a
strong motivation in the field of channel estimation in
mmWave systems.

Keywords: Massive
estimation.
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Pham Hung t6t nghiép dai hoc Bach Khoa
Ha ndi (HUST) nam 2004. Nhan bing thac
st k¥ thuat dién tor tai Truong Dongguk &
Han Quéc ndm 2011 v6i ludn an vé k¥ thuat
lap lich cho mang LTE. Hién 1a nghién ctru
sinh tai khoa Vién thong 1, Hoc vién Cong
nghé Buu chinh Vién théng (PTIT). Huéng
nghién ctru chu yéu vé ki thuét 1ap lich cho
mang Massive MIMO va mmWave.

Ding Hoai Bic nhan bing thac si va tién
st tai Hoc vién Cong nghé Buu chinh Vién
thong (PTIT) nam 2004 va 2010. T 2009
dén 2010, 14 nghién ctru vién tai phong thi
nghiém Orange , Paris, Phap. Hién nay, la
pho gido su va hiéu pho tai Hoc vién Cong
nghé Buu chinh Vién théng. Linh vuc
nghién ctru 1a: didu khién ty dong, xr 1y tin
hiéu, cac hé théng nhing va tich hop hé

théng.
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KHAO SAT VAN BE UOC LUONG KENH CHO HE THONG DI BPONG BUGOC SONG MM

Nguyén Tién Ban nhdn bang tién si tai Dai
hoc Xanh Petecbua (SUT), Lién bang Nga
nam 2003. Hién 1a pho gido su cta khoa
Vién théng 1, Hoc vién Cong nghé Buu
chinh Vién théng. Linh vuc nghién ctu:
thiét k& va phén tich hiéu ning mang, thiét
ké va t6i wu mang, mo phong cac hé thong
vién thong.
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