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Tom tit:

Bé mit phan xa thong minh (Intelligent reflecting surface - IRS) v6i kha nang diéu khién linh
hoat huéng phéan xa cting nhu dich pha séng dién tir (EM) dugc xem nhu mot giai phép tiém
ndng dé nang cao chat luong vo tuyén & ky nguyén hau 5G va 6G. Bai bao nay tap trung phan
tich ddc tinh séng EM trén bé mit phan xa thong minh v6i cac cau hinh phan xa khac nhau.
Ddc biét, anh hudng cta sai léch goc gitta song EM thuc t€ va goc cdu hinh tai IRS 1én qua trinh
phén xa cting dugc nghién cttu. Phuong trinh ly thuyét cho qua trinh lan va téan xa song dugc
thiét lap, tor d6 cong thac tinh cuong do tin hiéu séng phan xa EM trén IRS dugc phat trién.
Céc két qua ly thuyét cho phép m6 phong thudc tinh séng phan xa EM trén IRS. Két qua mo
phéng cung cap céc thong tin hiru ich vé xu huéng va dic tinh séng phan xa, thuan tién cho
viéc thiét k& va cau hinh céac hé thong truyén thong ho tro bdi IRS.

T khoa: bé mat phan xa thong minh, lan truyén song, mo hinh tin xa song vé tuyén, phuong phdp
physical optic, hé thong vé tuyén
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Analysis of Electromagnetic Reflection Characteristics
on an Intelligent Reflecting Surface

Van Phu Tuan, Nguyen Le Anh, PhamThanh Duy

Abstract:

Intelligent reflecting surface (IRS) with its ability in flexible reflection control and signal phase-
shift adjustability is considered a potential solution for enhancing wireless performance to
meet the requirements of the beyond 5G and 6G networks. This paper focuses on analyzing
the characteristics of reflected electromagnetic (EM) waves on the IRS for different IRS config-
urations. Especially, the effect of angular misalignment between the actual incident EM wave
and the configured angle of the IRS on the reflection is studied. The theoretical results allow
simulations for investigating the behaviour of EM waves on the IRS. The obtained numerical
results provide useful information, that facilitates the design system and configuration for

IRS-aided wireless communication systems.
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bat van dé

Gan day, nhiing nghién ctu vé bé mit phan xa thong minh (IRS) dé nang cao chat
luong mang thong tin vo tuyén dang thu hut nhiéu su cha y. IRS duoc cdu tao tir cac vat
liéu dién moi, dién dan va cac phan ti tich cuc, nhu tunable diot. Trén bé mit IRS, nhiéu
cau truc lap lai duoc thiét ké theo mot quy luét xéc dinh nhdm muc dich tao hiéu ung dién
tir dic biét cho IRS, chang han nhu phan xa, truyén dan, hap thu va hoi tu séng dién tir.
V6i kha nidng d6, IRS mo ra mot huéng nghién ctru moi goi 1a moi trudng vo tuyén lap
trinh (programmable wireless environment), trong d6 tin hiéu vo tuyén hoan toan duoc
diéu khién theo nhu y mudn ctia nguoi thiét ké. Moéi truong vo tuyén lap trinh duoc xem
la giai phap tiém nang dé dat chat lugng tin hiéu t6t, téc d0/bang thong cao, tré truyén
dan thap va hiéu qua st dung phé cao, tir d6 dap tng cdc yéu ciu ctia mang trong ky
nguyén hau 5G va 6G (Zhang va cong su, 2021; Wu va cong su, 2019).

Mic du nhiéu m6 hinh truyén thong c6 st dung IRS da duoc nghién ctu, chdng han
truyén thong hop tac, hé thong da ang-ten, hé thong thu hoach ndng lugng vo tuyén... céc
nghién ctru chi st dung cac kénh truyén phd bién, nhu Rayleigh (Wu va cong sy, 2020),
Nakagami-m (Hou va cong sy, 2019), hay Rice (Chen va cong sy, 2019), dé mo ta qua
trinh phan xa trén IRS ma khong dua mot trén co sé Iy thuyét nao. Vi vay rat kho dé kiém
ching do chinh xac cing nhu hiéu nang dat dugc. Trong bai bao nay, chiing t6i phan tich
ddc trung cda song phan xa trén bé mit IRS dya trén co so ly thuyét. Chung toi coi su
phan xa séng dién tur [a mdt mo hinh tan xa c6 tinh hoi tu nang luong tai mot géc quan
sat. Dua trén céch tiép can do, chung t6i xay dung mo hinh tan xa tin hiéu trén bé mit IRS,
thiét 1ap cong thuc cuong do tan xa theo goc tan xa cting nhu cac tham s6 cta song t6i va
IRS. Céc két qua dat duoc sé 1a mot co sé ly thuyét vimg chc dé xay dung mo hinh kénh
truyén vo tuyén co sy hién dién caa IRS. Tt d6, cac nghién ctu vé IRS sé c6 tinh xac thuc
cao hon va gitp cho viéc thiét ké/cau hinh IRS chinh xac hon.

Pac tinh phan xa caa IRS

Trong muc nay, chung t6i khao sét su phan xa séng dién tir va thiét lap phuong trinh
truyén song cho song phéan xa trén mot IRS thu dong (IRS c6 thé phén thanh hai loai: IRS
thu dong - IRS c6 cau hinh pha it thay d6i theo thoi gian, va IRS tich cuc - IRS c6 cau hinh
pha thay ddi theo tdn s6 cta song t6i. Vi vay, IRS thu dong c6 hao phi nang luong it va
gia thanh san xu4t thap hon). IRS dugc khéo sat c6 dang chit nhat véi kich thudce a x b nhu
trong hinh 1a. Séng t6i c6 dang séng phang cé thuoc tinh sau: truong dién (truong E) song
song vdi e, tao mot goc 0, v6i véc-to phap tuyén cta IRS e . Phuong trinh tong quéat cda
truong E va truong tir (truong H) cho song t6i ¢ goc 0 c6 dang

Eine (0) = exEipe e JBine (9)'1" 0
Hipe (0) = £ine(6)—in ¢ Bin, ()1 :
nc = €inc T e J*inc , ( )
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Hinh 1. (a) M6 hinh phdn trén bé mit IRS va (b) hinh chiéu bén ctia n6
2n < .
trong d6 Einc la bién do truong Einc, # T la hang s6 pha, A la budc séng, 7 1a trd

(0) = B(sin(O)ey - cos(0)ez) la véc-to pha
soéng toi (dung dé xac dinh huong truyén song), r la véc-to vi tri, va e;,.(0) = — cos(O)ey

khang déc trung ctia moi truong truyén song, S,
— sin(0)ex 1a véc-to truong H. Trong bai bdo nay, chang ta khao sat mot IRS thu dong c6
cdu hinh pha ®(x,y) 1a mot ham theo vi tri. @ (x,y) duoc thiét 1ap dé thuc hién mot phan
xa REF (QincOref> Po) VOi 1a goc toi thit ké, 1a é\ref goc phan xa thiét k€ va ¢, 1a hiéu chinh
dich pha thiét k& ctia IRS. Tuong tu, phuong trinh téng quét ctia truong E va H cho séng
phan xa & goc 0 va dugc dich pha mét goc ¢ coé dang:

Eref(g' (P) = exEref e_jﬂl‘ef(e)‘r"'ﬂp ) o)
Eref i .
Href(ey QO) = eref(e) %f e ~JBref(0)T+jop , "

trong d6 Eref 1a bién do truong Eyef, Bref(6) = f(sin(O)ey + cos(O)e,) 1a véc-to pha song
phén xa, va eref(6) = cos(O)ey - sin(O)e,. Tai bé mit IRS v6i z = 0, st dung (1,3) ta thdy dé
thuc hién mot phan xa REF(Hinc.@ret; Po), P(x,y) cdn tuan theo quy tic sau:

®)

AEref(Oref)|,_,

AEinc(ginc)|z=o B IB(Sin(éinC) - Sin(éref) y + (pO)

O(x,y) =

Nhdn xét 1: Sy phan xa trén IRS thy djng duoc xdc lgp thong qua cdu hinh ®(x,y). Khi
D(x,y) tudn theo quy tic (5), IRS c6 thé thuc hié¢n phan xa REF(Hine.Oref, ©0), D(xy). Diéu nay co
nghia khi song t6i IRS ¢6 dang (Einc (§inc) Hinc, (Qinc)), song phdan xa sé co dang (Eref (Qret, Po),
Href, (HA ref, 9o))-

Nhan xét 1 chi dung lai ¢ truong hop séng t6i dung voi mong doi ctia nguoi thiét ké.
O phan sau day, ching t6i khao sat truong hop téng quéat ma trong d6 c6 su sai léch A0
gitta goc toi song EM thuc t& iy va goc toi thiét k€ fine, d6 1a Gine = fine + AD. Trong tinh
hudng nay, c6 hai vdn dé quan trong can lam r6 (a) IRS c6 thuc hién duoc phan xa hoan
hao khi c¢6 su sai léch nay khong? va (b) Ddc tinh phan xa sé tudn theo quy luat nao va
séng phan xa thuc t&€ tuan theo phuong trinh nao? Ap dung (3) cho séng t6i c6 dang Ejne
(Oinc) va (5), phuong trinh truong E cho séng phan xa tai bé mit IRS, z = 0, c6 dang:



Eref|z=0 = exErefé'(Einc(einc)|z=01A(D (xr y)) = exEref e—jﬂ sin(Orep)y+iBeo

= Eret(Orer Po)lz=0 6)
trong d6 duoc xac dinh theo quy téc:
Qref = arCSin(Sin(einc) - Sin(éinc) + Sin(éref))' (7)

St dung cong thtc (4-3) trong (Balanis, 2012), phuong trinh truong H cho séng phan
xa tai z = 0 c6 dang;:

H el -0 = _ﬁv X Eref(ereftq)o)lz:O
e, e, e,
_ _ Exegelf%0 92 9 9
- jou ox dy 0z 8)

e JBsin(brer)y o

E _ . - - .
- #efe G DAL Sln(eref) e, = Href(eref' (p0)|z=0'

trong d6 51 = == v6i e 1a van téc goc clia séng va u 1a do tir tham. Tix (8), c6 thé noi
ré“mg Hief| ;= 0 tuan theo (4) du c6 sy hién caa A8 # 0. Gié tri AG phai dam bao tinh hop 1é
trong phuong trinh (7); nguoc lai, khong thé thu dugce (8). Thuong véi cac AO du nhd, (7,8)
luon hop 1é.

Nhan xét 2: Khi mot IRS thu dong dugc thiét dp cho phan xa REF(dinc,Oref; Po). Néu séng
t6i cd dang (Einc (6inc), Hine (Binc)) 061 Gine = Qine + AB thi song phdn xa sé cé dang (Erer (Oref, Po),
Hief (Oref, o)) 001 Orer duegc xdc dinh bﬁng (7). Noi cach khac IRS thy dong dugc thiét lap cho phan
xa REF(inc,Oref, Go) €O thé thuee hign duoc phan xa REF (Oinc,Oref, 9o)-

Trong muc nay, ching tdi xem qud trinh phan xa séng dién tir la qué trinh tan xa
ddc biét, trong d6 da s6 ndng lugng tan xa sé tap trung & goc phan xa. Chang toi st dung
phuong trinh truong H thu duoc 6 muc 11 dé xay dung mo hinh tan xa truong xa cho IRS.
St dung phuong phédp physical optics 6 chuong 7.10 ctia (Balanis, 2012), mat do dong trén
IRS khi loai bo hiéu tng bién c6 dang:

Erefcos(f — iR ;
]s — 2€Z X Href — —Zex ref . (Oref) e jB Sm(eref))"i']‘Po. 9)
Tai mot diém quan sat bat ky trong khong gian, st dung (9), véc-to dién thé A tai vi

. -jBa
tri quan sat dugc tinh boi 4 = £ in]d ¢ Js (", ¥)

e]:R ds’ voi cac tham s6 R,7,d,y duoc xac dinh

nhu trong hinh 2. Véi vai thao tac tinh toan, chung toi ¢6 céc xap xi cho khoang cach d =R,

cho pha R=d - r cos(y), va lién h¢ r cos(y) = x' sin(bs) cos(¢s) + y' sin(fs) sin(¢s) (tham khao

cong thtc (6.127) trong (Balanis, 2012)). Vi vay, A c6 thé viét lai nhu sau:

pe=iBd
4mtd

(10)

A= ¢S Js (x', y’)ejﬁ(X' sin(0s) cos(¢s)+y' sin(6s) sin($s)) ¢’

N



Hinh 2. M6 hinh tinh toan cho trudng tan xa tai vi tri quan sat bat ky
trong khong gian st dung véc-to dién thé A va véc-to N

St dung ma tran chuyén ddi tir hé toa do vuong sang hé toa do cau 6 (11), ta c6 thé
phan tach N thanh ba thanh phan N = Nr+ Ngg + Ngs nhu mo ta trong hinh 2. Viéc tinh toan
cho Ny, Nogva Ngg dugc trinh bay ¢ bén dudi.

e, sinf; cos¢; sinbssin¢; cosl; 1€y (11)
395‘ = Icos 05 cos¢ps cosbsingpy —sin Gs‘ Ieyl.
€¢s —sin ¢ coS s 0 e,

Tinh todn cho cdc thanh phdn ciia N: Nr, Nos va Ny
Tinh todn cho Ny
T (9, 10, 11), Ny duoc tinh nhu sau:

ErefCos(gref)ej(p0

Ne = —2

2 cos 6 cos ¢

X §, & I (EIn(Oren)=sin(8s)sin(@s))y+jBx sin(6s) cos(99) ', (12)

Ap dung ding thuc f_bxz e/™ dx = b sinc (az—b) va thay gia tri can dua trén kich

thudc IRS, (12) duoc viét lai nhu sau:

__ 2ab Erescos(Oref)el®0
Ny, = — .

X f_‘;//zz o JBX' sin(65) cos(ds) ! f_b;/zz e ~JB (sin(Brer)—sin(8s) sin($))y" g,/

2abE e 0S(Oypef)e 90
= — ———rel el cos 05 cos ¢

n
Ba sin(6s) cos(d)s)) Bb(sin(Bref)—sin(bs) sin(d)s))) (13)
2 2 ’

cos 0, cos ¢

X sin ( sinc (



Tinh toan cho Ny
St dung (9, 10, 11), N¢g dugc tinh nhu sau

Ny, = — 2abEref CO;(eref)ej(po sin ¢,
x sin (£2n8) <os(B9) i (EE(siNre)-sin(o sin$)) 14
Str dung cac budc tuong tu 6 muc trén, (14) dugce viét lai nhu sau:
N¢s — _ 2abEres coS(Bres)eP0 sin o,
N (Ba sinr(lesz) COS(¢s)) sinc (ﬁb(sin(Gref)—Zin(es) Sin(¢s))). 1)

Tinh toan cho Nr

Do thanh phan song theo phuong truyén song khong ton tai, vi vay Nr = 0.

Xay dung mo hinh tan xa truong xa

Tu biéu thtc cho ba thanh phan Nr, Nés va Ngs. St dung cong thic (6-116a) trong
(Balanis, 2012), cuong do tan xa tai mot diém bat ky trong khong gian dugc tinh bdi biéu
thic sau:

505, ps) = |E(9312¢s)|2 = |—jwA(6s, ps)|?
W (16)
=(Z) (VoI + INg,["):

@ u
Thay (13, 15) vao (16) va st dung é = 5, thu dugc
ab\? .
S(Os, ¢s) = (ﬁ) EZ.scos?(0ef) (cos? O cos? ¢s + sin? ¢s)

Basin(bs) cos(Ps)\ . 2 (Bb(sin(Bref)—sin(bs) sin(¢ps))
52 s)smc ( < . & = ) (17)

X sinc? (

Gia dinh rang, vat liéu khong gay suy hao dién tir va toan b nang luong séng dén

déu dugc phan xa hoan toan, ta c6 quy luat sau Efy. c0S(0inc) = EZesc0S(Oref). . Trong
truong hop nay (17) dugc viét lai nhu sau:

ab\? Eiznc 2 2 s 2
S(6s, ¢ps) = (7) Fcos(einc) cos(Oyef) (cos? B, cos? ¢pg + sin® ¢ps)

Ba sin(6s) COS(¢s)) sinc2 (Bb(sin(é’rer)—sin(es) Sin(¢s))) (18)
2 2 '
Nhdn xét 3: Phuong trinh (18) cho thdy, khi véc-to tir IRS dén v tri quan sdt nam trén mit

X sinc? (

phiing chita véc-to séng t6i va véc-to phdp tuyén ciia IRS, dong nghia vdi P = 7”, va goc quan
sit 05 — Oypp thi cuong do tan xa sé dat cdc gid tri tot nhat.



S . . . in(6s :
Chiing minh: C6 thé thify thinh phin (cos? 65cos? ¢, + sin? ¢;)sinc? (E2Ec0x(ls))
dat gid tri cuc dai 0 mot trong hai truong hop (i) ¢g = 77[ hodc (ii) 05 = 0. Khi ¢, = ;r , CUONg

do tan xq dat gid tri lon nhit khi 65 = Oref. Khi 65 = 0, cuong do tan xa dat gid tri lon nhat khi Oref
= 0, diéu phu dinh khd ning hiéu chinh géc phdn xa cua IRS, vi vdy ta logi truong hop nay.

Két qua va thao luan

Trong muc nay, ching toi sé khao sat ddc tinh cho mé hinh tan xa & (18). Dé don
gian, két qua mo phong duoc vé cho hai dai luong (i) cuong do6 tan xa lugc gian S (B, Ps) =
S(0s, )X/ Einc (b6 qua anh huéng ctia Eine va d trong (18)) va (i) cuong d6 tan xa chuan
hoéa S(6s, p5)/maxye_ye. S(0s, ds). Tham s6 mo6 phong dugc trinh bay trong tiéu dé cta cac
hinh. Cha y rang, két qua & (18) c6 thé &p dung cho tat ca tan s6, tuy nhién, khong mat
tinh téng quat, tan s6 hoat dong dugc chon fo= 6 (Ghz) nhu trong cong trinh (Tuan, 2020).

Hinh 3 va 4 m6 ta phan b cuong do tan xa theo khong gian bén ngoai IRS. C6 thé
thay rang IRS c6 kha niang hoi tu ning lugng vé mot huéng xac dinh, c6 thé cau hinh
thong qua hiéu chinh dich pha & céc phan ti trén bé mat IRS. Trong m6 phdng nay, séng
toi dugc thiét lap thoa man iy = fine, do d6 song phan xa tap trung manh & huéng Oyer-
Oret. Bén canh do, két qua ciing cho thay cuong do ta xa dat gia tri cao nhat khi ¢, = 77[,
diéu nay phit hop v6i Nhan xét 3 trong bai béo. Tai cac goc quan sat khac, cuong do tan xa
rat bé, c6 thé xem nhung bang khong. Diéu nay c6 nghia IRS it gay nhiéu giao thoa. Pay
1a mot loi ich vuot troi so v6i cac ki thuat chuyén tiép thong tin khac, don ctr nhu ki thuat
relay (nat chuyén tiép). Mot loi thé khac c6 thé ké dén 1a ndng luong tai huéng quan sat
mong muén sé rat [én néu bé mit phan xa c6 kich thudc 16n. Diéu nay c6 thé nhan thay tir
két qua ¢ hinh 4, khi ma dinh ctia bup so6ng chinh cao hon so véi gia tri 0.

/// \\\
T N
1_—T \\
0.8 N
g 06
1 0.2 ~
le-3
0 \\
~ - T B
N —<. 4 =
! TN N L
0 ST S

[oR

Hinh 3. Cuong d9 truong tan xa chuan héa theo géc quan sat (&, ¢;).

s

Tham s6 khac: einc = éinc = ; , éref = g,fo = 6(GhZ), a=b = 10/10
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oy
Hinh 4. Cuong d¢ truong tan xa hiéu chinh (tinh theo dB) theo goc quan sat (s, ¢;).

Tham s6 khac: Qinc = éinc = , éref = g’fo = 6(GhZ),a =h = 10),0

w3y

Hinh 5 va 6 mo ta anh hudng cta kich thudc IRS 1én cuong do tan xa. Khi kich thudc
IRS bé¢, hiéu qua phéan xa trd nén thap. Vai kich thudc a = b = 6}, cudong do tan xa tai
huéng mong mudn gan bang 0 dB, tuong duong v6i mot phan xa guong. Véi kich thudce
16n hon, nhiéu ndng luong sé phan xa dén huéng mong muoén. Bén canh d6 bup song
chinh sé hep lai gitp IRS c6 kha ning tao cac két ndi riéng, bao mat, va toéc do cao. O kich
thudc nho, bup song chinh sé rong hon, diéu nay c6 nghia viing phu séng 16n hon. Trong
mot s6 ngtt canh truyén thong, kich thude bup soéng dong vai tro quan trong trong viéc
thiét 1ap viing phu vo tuyén, chang han khi cac nat thu séng phén xa c6 su di chuyén.

T T

— Case 1: a = b= 10\
—o0—Case 2: a=b= 6\
- Case 3: a=b=3\

0 /6 /4 /3 w2

Hinh 5. Cuong d9 truong tan xa chuan héa theo goc quan sat (b, @, - g ).

Tham s6 khac: Oine = éinc — g ) éref — g,fo = 6(Ghz)
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10 + Case 1: a=b=10\| -
—0— Case 2: a = b= 6\
- Case 3: a=b= 3\
0F i
-10 4
Q
X_’ -20 ¢
S
<
(5{ -30 '5 . -
v ] Y !
= B vt ~
| o
'f '
-50 Ii |l 7
!
_()0 1 1 1 1 1 !
0 w/8 w/6 /4 w/3 3n/8 /2

Hinh 6. Cuong d6 truong tan xa chuin héa theo goc quan sat (&, @, — g ).
Tham s6 khac: g. T h T

inc — é\inc = ; :gref = g:fo = 6(GhZ)

Hinh 7 mo6 ta anh hudng cua sai léch goc t6i Af lén qua trinh phan xa. C6 thé nhan
thay, két qua nay phu hop v6i Nhan xét 2, c6 nghia 1a IRS thu dong van c6 thé phan xa
dugc cac séng phang dén tir nhitng huéng khac nhau chit khong gisi han & mot phan xa
dugc cau hinh, 1a REF(§inc = §ref). Pi€u nay co6 nghia, IRS chdp nhan mot sai s6 khi thiét
lap phén xa tai n6. Ngoai ra, khi cic may thu, may phat vo tuyén c6 su di chuyén nhe dan
dén c6 su sai léch goc t6i, khi d6 A6 # 0, thi IRS van dam bao chtic ndng ciia minh. Két qua
nay mo ra mot loi thé 1a viéc tich hop IRS voi hé thong da dng-ten, hay con goi hé thong
MIMO. Khi ma nhiéu dng-ten & vi tri gan nhau cung phat tin hiéu vé IRS thi IRS van c6
thé phan xa dugc toan bo tin hiéu dén & cac goc sai léch nhe voi goc cdu hinh §ine ctia né.
Ngoai ra, c6 thé nhan thay cuong do tan xa manh hon khi goc Gpertién vé 0 diéu nay c6 thé
giai thich thong qua biéu thic phan xa ly tuong E3 . cos(Pine) = Eine cos(Orer).
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Hinh 7. Cuong dé truong tan xa chuin hoa dudi sy inh huéng cua sai léch goc t6i
A6 = 3—72 = 5°. Goc quan sat (0, ¢, = ;—t). Tham s0 khéc: 6;, :73_: ,Bres = g,fo = 6(Ghz),a =
b e 1010.

Két luan

Trong bai bao nay, déc tinh phan xa cta séng vo tuyén trén IRS da dugc phan tich.
Phuong trinh lan truyén séng cting nhu mo hinh tdn xa ctia séng phan xa tur IRS dugc rut
ra. Cac md phéng duoc thiét 1ap dé xac dinh xu huéng ctia tham s6 hé théng va anh huéng
1an nhau cua chung. Két qua cho thdy, IRS c6 kha niang hoi tu ndng luong vao mot huong,
tir d6 1am chat lugng tin hiéu cta mdy thu trén huong do cai thién. Thong qua anh huong
ctia kich thuéc IRS 1én cuong do tan xa, ta c6 thé thay tity thudce vao tinh chat hé thong
vO tuyén ma kich thudc IRS nén duoc thiét lap phut hop. Voi muc dich cung cap két noi
riéng, t6c do cao, nhiéu thap va bao mat thi nén lép dat IRS vai kich thudce 16n. Nguoc lai,
v6i nhiing hé théng c6 do linh hoat cao hon, yéu cau tin hiéu phan xa c6 d¢ pha rong hon
thi cac IRS voi kich thude bé hon 1a moét lua chon phtt hop. Tuy nhién can phai cé céc tinh
todn vé hiéu ning dé dam bao cong suat thu dam bao diéu kién gidi ma. Cudi cting, kha
ning IRS phan xa trong diéu kién sai léch goc t6i gitip cho IRS c6 thé tich hop trong cac hé
thong da dng-ten, ching hang nhu MIMO, dng-ten mang.
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