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Tém tit: Bio mat & 16p vat ly c6 thé két hop véi cdc gidi phdp béo mat ¢ 16p trén d€ dam béo an ninh thong tin trong
mang thong tin vo tuyén. Cac két qua nghién citu trudc day da chi ra ring véi diéu kién kénh truyén Rayleigh, viéc st
dung rat nhiéu dng-ten & tram gbc gitip hé théng thong tin MIMO (Multiple-Input Multiple-Output) ¢& rat 16n tu dugc
bdo mat trudc thiét bi nghe 1én thu dong. Tuy nhién, bai bdo niy sau khi dé& xuét cic biéu thic dang déng cho dung
luong bao mat cho hé théng MIMO c§ rit 16n trong diéu kién kénh truyén Rice c6 xem xét thanh phan truyén tdm nhin
thing da chitng minh dudc rang thiét bi nghe 1én thu dong c6 thé anh hudng 16n dén dung lugng bio mat clia hé thong.
Cic két qua mo phéng dugc cung cip dé ki€ém chiing tinh chinh xdc cla cdc két qua phan tich gidi tich va d€ rit ra mot

s6 chi dan thiét ké quan trong.

T khéa: Dung luong bdo mdt, MIMO cé rdt Ion, nghe lén thu dong, bdo mdt Idp vdt ly.

Title:
Abstract:

Secret Capacity of Massive MIMO Systems with a Passive Eavesdropper
Physical layer security may be combined with other approaches to make wireless transmissions more secured. Much

prior work showed that, thanks to the excessive number of antennas at the base station, massive MIMO (Multiple-
Input Multiple-Output) systems themselves are inherently robust against passive eavesdropping attacks under the
Rayleigh fading channel. After providing closed-form expressions to secret capacity of massive MIMO under the Rician
fading channel with line-of-sight transmission, this manuscript, however, showed that passive eavesdroppers may affect
negatively the secret capacity. Simulation and numerical results are provided to validate the analytical results and to

gain interesting insights into the system design.
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I. GIOI THIEU

DPidm b4o an toan thong tin 12 mot vAn dé quan trong
va thiét yéu trong cic hé thdng thong tin, dic biét cac hé
théng hoat dong & moi trudng vo tuyén [1]. Do dic tinh
mé clia mdi truong truyén din séng vo tuyén, cdc thiét bi
xam nhap khong hop 1é c6 thé 1am 4nh anh hudng dén
tinh bdo mat, tinh toan ven va tinh sin c6 cla thong tin
bing mot trong hai phuong phép sau: (i) nghe 1én thu dong
(passive eavesdropping) va (ii) tin cong chi dong (active
attacking/jamming) [2]. Cu thé, thiét bi nghe 1én thu dong
chi c¢b ging tach tin hidu tif séng v tuyén mang thong
tin nhan dudc tir thiét bi phat. Vé nguyén ly, thiét bi nghe
lén thu dong khong thé bi phat hién. Ngugc lai, thiét bi
tin cong chii dong khong chi c6 ging tach tin hiéu dudc

truyén tir thiét bi phat ma con tu phat di tin hiéu dé gay
nhiéu va lam anh hudng dén qua trinh hun luyén va udc
luong kénh va/hodc qua trinh truyén dif liéu giita cic thiét
bi hgp 1€. Su tic dong nay lam giam hiéu nang hoat dong
ctiia hé théng hop 1€, thdm chi khién hé théng khong thé
hoat dong dudc.

Bao mat 16p vat ly (Physical Layer Security) 1a mot cach
tiép can dang dudc quan tim rong rii cho cic mang vo
tuyén do c6 hiéu quéa cao va do kha ning sin sang két hop
v6i cdc giai phap bao mat khac nhu mit ma héa [1, 3, 4].
Y tudng chinh ctia bao mat 16p vat 1y trong cac hé thong
thong tin vo tuyén 12 xem xét cac yéu t& & 16p vat Iy nhu
tap am nhiét, hé s6 pha-dinh cla kénh truyén va cdc ky
thuat xd ly tin hiéu 4nh hudng nhu thé nao dén kha ning
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bido mat thong tin dudc truyén qua kénh vat ly khi c6 mit
céc thiét bi xam nhap. Trén co s& d6, cic giai phap bdo mat
16p vat 1y c6 thé dugc dé xuét dé thiét bi thu hop 1& c6 kha
ning tich chinh xac tin hiéu mong mubn bat chip su gy
nhiéu ctia thiét bi tAn cong chii dong trong khi thiét bi nghe
1én thu dong khong thé tich dugc tin hiéu mong mubn.

Hé thong thong tin vo tuyén ¢d rit 16n (massive Multiple-
Input Multiple-Output) 1a mdt cong nghé méi duge dé xuét
tif nim 2010 [S] va da dudc chip nhan la mot trong céc
cong nghé chii chét clia bd tidu chuin ctia 3GPP cho mang
thong tin di dong thé hé thi 5 (5G: the fifth generation)
Vo tuyén mdi (NR: New Radio) [6]. Trong hé théng nay,
tram gbc dudc trang bi rat nhiéu ing-ten dé phuc vu mot
hoic nhiéu thué bao dudc trang bi chi mot dng-ten. Céc
nghién cifu truéc dy chi yéu tip trung vao nghién ciiu cac
tiém ning trong viéc cdi thién hiéu qui st dung phd tan
s6 vO tuyén dién va hiéu qué st dung ning luong hé thong
nay [5, 7]. B4o mét cho hé thong thong tin vo tuyén MIMO
mdi chi dude nghién ciu trong vai nim gan day [2, 8]. Cac
két qua nghién ciiu di cong bd trén thé gidi dén nay cho
hé théng thong tin MIMO c& rét 16n xem xét ca ba truong
hop sau day: (i) chi c6 thiét bi tn cong chi dong [9-14],
(ii) chi c6 thiét bi nghe 1én thu dong [15-21] va (iii) c6 ca
hai loai thiét bi trén [22, 23].

Bai bdo nay tip trung nghién ctu dung lugng bao mait
16p vat ly trong hé théng thong tin MIMO c6 rit 16n khi
chi ¢6 miit thiét bi nghe 1én thu dong trong diéu kién kénh
pha-dinh Rice khong tuong quan vé khong gian. Theo dinh
nghia, dung lugng bdo mat ciia hé thdng bing hiéu sb cia
toc do dit lieu dat dudc & thiét bi thu hop 1& va tdc do di
liéu nghe 1én dudc & thiét bi nghe 1én thu dong néu hiéu s6
nay khong am va bang khong néu hiéu sé nay am. Chi y
rang, da s6 cc két qua nghién citu trudc day lién quan dén
hé théng chi c6 mot thiét bi nghe 1én thu dong gia thiét mo
hinh kénh Rayleigh, tic 1a gia thiét hé s6 kénh truyén chi
¢6 thanh phan khong tim nhin thing (NLOS: Non-Line-Of-
Sight) [15-19]. Pang chi y, cic két qua phan tich va md
phdng v6i md hinh kénh pha-dinh Rayleigh khéng dinh thiét
bi nghe 1én thu dong gan nhu khong thé tich dudc tin hiéu
truyén tif tram gdc, tic 1a toc do dit liéu nghe 1én rit nhod
va c6 thé bd qua, néu s6 lugng dng-ten tai tram gdc du 16n.
N6i cach khac, dung lugng bio mat clia hé thdng sé ting
theo s6 lugng ing-ten tai tram gdc. Vé ly thuyét, mo hinh
kénh pha-dinh Rice dugc gia thiét trong bai bdo nay tdng
quat hon mo hinh kénh pha-dinh Rayleigh vi ¢6 thém thanh
phin truyén tim nhin thang (LOS: Line-Of-Sight) [24, 25].
Tuy nhién, mé hinh kénh truyén Rice phic tap lai giy kho
khan cho viéc phén tich giai tich dung lugng bao méit cla
hé théng [11, 26]. Trong pham vi hié€u biét ctia céc tac gia,
méi chi c6 mot két qua nghién ciiu dude cong bd dua ra ké
qua phan tich giai tich cho hé thdng thong tin MIMO cd

rit 16n trong diéu kién mo hinh kénh truyén Rice [21]. Tuy
nhién, cong trinh [21] xem xét md hinh hé théng thong tin
c6 nhiéu cip thu-phat chia sé mot tram khuéch dai-chuyén
tiép c6 rat nhiéu dng-ten. Ngoai ra, cdc tdc gid cdia cong
trinh [21] da s dung phuong phap phan tich tiém cin sb
16n khi s6 dng-ten tai tram gdc rit 16n dé phan tich gidi
tich dung lugng bao mat ciia hé théng. Trong bai bio nay,
chiing t6i di dua ra cic két qua phan tich giai tich dung
luong bao mat clia hé théng truyén din diém-diém véi sd
luong dng-ten hitu han tai tram gdc. Pic biét, két qua phan
tich gidi tich cta ching t6i cho thdy trong diéu kién mo
hinh kénh truyén pha-dinh Rice thi tbc do dit liéu nghe
lén dudc ting theo s6 lugng Ang-ten tai tram gdc trong khi
dung lugng bdo mat clia hé thong tién dan t6i mot gia tri
bdo hoa khi s6 lugng Ang-ten tai tram gbc tién tSi vO cling.
Khing dinh tuong tu nhu trén di dudc quan sit dua trén
két qua do téc do dit liéu nghe 1én va dung luong bio ma
stt dung mot hé théng MIMO ¢6 rit 16n thit nghiém hoat
dong & trong mdi trudng truyén din vo tuyén thuc té [20].
Can nhin manh ring trong pham vi hiéu biét ctia cac tic
gia thi diy 1a két qua cong bd dau tién trén thé gi6i dua
ra cac két qua phan tich giai tich cho khang dinh trén. Céc
két qud mo phong va tinh todn sb dudc cung cip dé kiém
ching cac nhan dinh trén.

Phan tiép theo ciia bai bao dugc bd cuc nhu sau. Muc 11
mo tad mo hinh hé thdng dugc xem xét. Muc III dua ra mot
phan tich giai tich cho dung lugng bdo mat ctia hé thong.
Muc IV cung cip mot sb két qua md phdéng va tinh todn sd
dé€ ki€ém chiing cac két qua phan tich gidi tich va d€ khio
sat va danh gid dung luong bio mat ctia hé théng trong
mdt sb kich ban cu thé. Muc V két luan bai bao va dua ra
mot sd huéng nghién citu tiép theo.

Mot s6 ky hiéu sit dung trong bai bdo nay nhu sau: a
la dai lugng vo hudng, a la dai lugng véc-td, A 1a ma
trén, [A]; ;, A®, ||A]lp, |A] lan lugt 1a phan ti (i, /), ma
tran chuyén vi lién hgp phic (Hermitian), chuin Frobenius,
va dinh thdc cia ma trin A, E[-] la toan td tinh gia tri
trung binh.

1. MO HINH HE THONG

Xem xét mot hé théng MIMO véi tram gbe (ky hiéu 1a
A) dang phuc vu mét thué bao hgp 1€ (ky hiéu la nit B)
v6i su c6 mit ctia mot thiét bi nghe trom thu dong (ky hiéu
12 E), tiic 1a thiét bi nay khong phat tin hiéu trong sudt thoi
gian dudc xem xét ciia hé théng. Trong khi tram gbc A c6
N, dng-ten thi thué bao B va thiét bi nghe trom E chi c6
mdt dng-ten. D¢ tién trinh bay, chiing ta ky hiéu X = {B,E}
12 tap chi sb nit. Gia thiét hé théng hoat dong & ché do
song cong phan chia theo thdi gian (TDD: Time Division
Duplexing) v6i khung truyén din vo tuyén dai r ky hiéu.
Gia thiét ciu tric khung vo tuyén da dugc dinh trudc va



gbm c6 hai phan: (i) phan dau gébm 7, danh cho qué trinh
huén luyén va uéc lugng hé s6 kénh truyén dudng 1én va
(ii) phan con lai dai 7 = 7 — 7p ky hiéu dugc ding dé
truyén dif liéu dudng xudng tif tram gdc A t6i thué bao B.

Gia thiét kénh truyén vo tuyén c6 dang pha-dinh khbi
phéng trén mién tan s6, trong d6 hé sé kénh truyén khong
thay ddi trong thoi gian clia mot khung vo tuyén nhung cé
thé thay d6i mot cach doc 1ap tir khung vo tuyén niy sang
khung vo tuyén khic. Ky hiéu hg € CM*! 1a vector hé s
kénh truyén dudng lén tif thué bao téi tram gbc va hg €
CN1 13 vector hé sb kénh truyén dudng Ién tir thiét bi nghe
1én t6i tram gbc. Gia thiét hé s6 kénh truyén & dudng 1én va
dudng xudng ddi xting hoan hao, tiic 1a hH,hg e CxM 13
cdc vector hé s6 kénh truyén dudng xudng tuong ting. Trong
bai b4o nay, chiing ta gia thiét hé sb kénh truyén tuan theo
mo hinh pha-dinh Rice khong tuong quan vé khong gian.
Ky hiéu «x 12 hé s Rice va Bx 1a hé sb pha-dinh pham vi
rong (large-scale fading) ctia kénh truyén tit tram gdc t6i
nit X € X. Céc hé sd pha-dinh pham vi rong dng v6i thanh
phan truyén LOS Bx 1 va thanh phan truyén NLOS Bx.n
dudc tinh nhu sau:

BxL = in ]ﬁx7 (1

1
BXN =4/ p lﬁx. 2)

Khi d6 vector hé s6 kénh truyén ti tram gbc t6i mit X, ky
hiéu hx, c6 phan b6 CN(gx, Bx.NIn) véi X € X va dugc
bi€u dién duéi dang

hx = gx + ﬂ;{i,wx, 3

trong d6 gx 1a vector hé s6 kénh truyén ting v6i thanh
phan truyén LOS va wx ~ CN(0,Iy,) 1a vector hé sb kénh
truyén pha-dinh pham vi nhé (small-scale fading). D€ tién
tinh todn, gia thiét mang anten tai tram gbc A dugc phan
bd tuyén tinh déu (ULA: Uniform Linear Array). Viéc md
rong ra cac dang hinh hoc khac clia mang anten nay khong
qua phiic tap. Khi d6, vector hé s6 truyén LOS tif tram gdc
téi nit X € X dugc tinh nhu sau

. . . . T
gy = ;(/i 1 of2mdsingx e]Zﬂd(N—l)squx . @)

trong d6 ¢x 1a goc t6i tif niit X t6i tram gbc va d 1a ty sd
gitta khodng cach gitta cdc phan ti Aing-ten ké nhau & tram
gbc chia cho budc séng. Chi y ring gg gx = MiBx.L voi
moi X € X. D€ tién trinh by, ta dinh nghia mot s6 tham
s6 nhu sau:

¥ (4B, ¢B) = nd(sin ¢ — sin ¢g), )

_ sin(Nw(¢B, ¢B))
a(¢B7¢E3Nt) = Sin(lp(¢B,¢B)) . (6)

Tap V-3, 86 40, 12.2018

Sau mot s6 phép bién déi, ta c6
2,172
gl gs = By B L o g N, (T)

Trong pha huén luyén va uéc lugng kénh, mit B truyén
mot tin hidu hoa tiéu véi cong suit phat pp- Tin hiéu huén
luyén sau khi tién xi 1y 1a

Ya = \PpTphB + Ny, 8)

trong d6 na ~ CN(0, o-iINl) la tap am Gauss tring cong
tinh (AWGN: Additive white Gaussian noise) c6 cong suét
o-i. Gia thiét tram gbc 4p dung k¥ thuat u6c lugng kénh tbi
thiéu trung binh 16i binh phuong (MMSE: Minimum Mean
Squared Error) d€ nhan dudc mot udc luong hé s6 kénh
truyén t6i nit B 1a

MNZ(YA — VPpTp8B). €)

hg =g +
PpTpBBN + 07}

Theo tinh chét truc giao ctia phuong phap MMSE, sai sd
udc lugng tuong ung la
hp = hp - hg. (10)

Chi y ring hg ~ CN(gp, Be.NIn,) va by ~ CN(0, Bz NIn,)
doc lap théng ké véi nhau, trong d6

2

A PoTpBp N

BBN= —————, (11)
PpTpBBN + 0

. Be.NO2

BBN = —Az- (12)
PprﬂB,N + 0,

Bén canh d6, ta c¢6 thé biéu dién hg va hg nhu sau:
fig = gp + By X W,

8 + Py (13)

hg = ﬁé{;WB,
trong d6 Wg va Wg c6 cing phan bé CN(0,1y,) va doc lap
théng ké véi nhau.

Trong pha truyén dit liéu dudng xudng, tram gbc truyén
tin hidu xg, trong d6 E[xg] = 0, E[|xg|?] = 1, t6i niit B,
nhung bi nit E nghe 1én. Ky hiéu pg 1a cong suit phat &
dudng xudng. Gia thiét tram gbc st dung bd tién ma héa
két hop phat cuc dai (MRT: Maximal Ratio Transmission)
dudgc cho bdi

ra
trong d6 &2 = E[hhg] = (Bs.1 + Bs.Nn)N; 1a hé sb chudn
hoa nham théa man diéu kién cong sudt phat trung binh
cuc dai tai tram gbc E[|fgxg|*] < pg. Tin hiéu thu dugc &
nit B va nit E 1an luot 1a

fs (14)

y8 = \prhi fpxp + ng, (15)
yE = \prhi fpxp + np, (16)

trong d6 ng ~ CN(O, o‘é) va ng ~ CN(0,0‘%) la tap am
Gauss tring cong doc lap thng ké véi nhau.
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III. PHAN TICH DUNG LUQNG BAO MAT
1. Pinh nghia va cich tiép cin

Dung ludng bdo mat ctia hé thong la téc do dit liéu tdi
da c6 thé truyén tif tram gbc tSi thué bao hop 18, tic 1a niit
B, mdt cich tin cdy va bao mit ma khong can dung thém
cdc bién phap ma hoa. Theo dinh nghia, dung lugng bao
mat (SC: Secret Capacity) dudc xdc dinh nhu sau

Csc = [Rg — Re]", (17

trong d6 [x]* = max{x,0}, Rg 1a téc d6 dit liéu hop 1é dat
dugc ¢ mit B va Rg 1a tbc do dif liéu nghe 1én dat dugc &
mit E. Duéi ddy, muc III-2 trinh bay chi tiét phan tich toc
do dit liéu dat dudc & nit B, muc III-3 trinh bay chi tiét
phan tich téc do dif lidu dat dudc & niit E.

Chi y ring tram gdc khong truyén tin hiéu hoa tiéu
dudng xudng nén mit B va mit E khong thé udc lugng hé
s6 kénh dudng xubng tic thdi. Trong bai bdo nay, chiing
ta chip thuin phuong phép tiép cin thudng dudc sit dung
trong céc tai liéu truc day trong d6 cac nut nay chi udc
luong dudc hé sb kénh truyén dudng xudng hiéu dung trung
binh [27]. Cu thé, niit B chi ¢6 dugc thong tin trang thai
kénh § dang E[hg fg]. Tuong tu, nat E chi c6 dugc thong
tin trang thai kénh & dang E[hg fz].

Ngoai ra, bd dé sau ddy sé dudc st dung nhiéu trong
qua trinh xdy dung cong thuc giai tich dang tudng minh
cho tbc dd dit lidu dat dugc & nit B va nit E.

Bo dé 1: Cho a ~ CN(0,Iy) va ma tran chuin tic B
(tiic 12 B thoa man diéu kién BBH = B¥B). Khi d6 ta ¢

E[a’’Ba] = trB, (18)
E[|a’’Bal?] = |t(B)|?> + tr(BB™). (19)
Chiing minh: Ky hiéu két qua phan ra ky di (Eigen-

value Decomposition) cia B nhu sau B = U AU trong d6
U la mot ma trdn unita (tdc 12 UUY = UAU = Iy) va

A = diagd;, Ap,--- ,Any. Chi y rﬁng c =Ua ~ CN(0,Iy).
Gia thiét 1a ¢ = [cr ¢ - CN]T. Ta co
N
E[a¥Ba] = E[c7 Ac] = Z LE[len 2] = tr(B).

n=1

Tuong tu, ta ¢

N
2
Bl Bal’) = 2| Y e

] (20)

N N
_ Z ZE[|Cm|2|Cn|2]/1m/lfz 21

m=1 n=1
= |t (A))? + tr(AAT) (22)
= |te(B)|? + tr(BB*), (23)

trong d6 ching ta da 4p dung tinh chét E[|c,|?] = 1 va
E[|c,|*] = 2 khi ¢, ~ CN(0,1). mi

2. Téc dd dit liéu hop 18

Tur cong thic (15) ta c6 thé viét lai biéu thic tin hiéu
thu tai nut B nhu sau:

y8 = VPaElhf; f5]xg + v/pa(hy fs — E[hE f5])xp + np,
(24)

trong d6 s6 hang dau tién déng vai tro 13 tin hiéu mong
mubn dé€ tich séng két hop, sd hang thd hai déng vai tro
nhiéu giy ra do sai s6 udc lugng hé s kénh truyén dudng
xubng hiéu dung va s6 hang cudi ciing 1a tap Am nhiét. D&
tim mdt gi6i han dudi cho ty sb cong suit tin hiéu trén tdng
cong suit nhidu va tap am (SINR: Signal-to-Interference-
plus-Noise Ratio), ta xét truong hop xau nhét xay ra khi s6
hang thii hai va sb hang thi ba Ia céc tin hiéu khong tuong
quan. Khi d6, mét gidi han dudi cia SINR tai nit B duge
ky hiéu 1a ng va dudc xac dinh nhu sau:
palE[h{ fp xp]|?
paE[|(hf £z — E[hf fg])xp|?] + o
) palEM £ ]2
pa(E[|hf5*] - [E[h{ f5]) + o
B& dé 2: Gid tri SINR hop 18 5 ty 1& tuyén tinh véi sb
ing-ten tai tram gbc M.
Chitng minh: Thay cdc biéu thic (14) va (10) vao (25)

va sau d6 dp dung cdc tinh chit xdc suét ciia hg va hg, ta
thu dugc

B =

(25)

hH o hH R hH T
E[hgf]g] _ E[(hB ';hB )hB] _ E[h}z—‘hB] - ¢ (26)

Bing cach tuong tu, ta c6

1 PR ~ A
E[|hf 5] = é;(Euh{;h]slz] +E[hihs?]). @27

Thay (13) vao (27), ta thu dudc

E[|(g + By x Wi )(gs + By xwe)I’]

=E[la; + by + ¢ + d1]?], (28)

rHD 51/2
E[[h hg|*] = /

trong do

ar = gy gs = Be.LN,
512 4
= B, W 2B,
= 'BB,NgB Wg,
di = Pa.NWi Wp.
Ap dung bd d& 1 va tinh chit d6i xing tron ctia W, chiing ta
tinh dudc cac thanh phan thudc vé phai ciia (28) nhu sau:
Br i N,
E[cici] = Be.NBs,LN
Eldia}] = Be.NBe.LNE,
BaN(NE + Vo),

Elajai]
E[b,b7]
Efa;d}]
E[d:d;]



trong khi cic thanh phan con lai bang 0. Tir cac két qua
trén va sau mot sé phép bién déi ta c6

E[|bf hp|*] = &* + Bp Né? + BoNBB.LMN. 29)

Thay (13) vao (27), ta thu dugc

E[Ih \his’] = B[y x5 (g6 + By Wa)I’]
= B NELIWY g6 + By Wi Wa) ]
= B NE[W gogly We] + B NE[IWE Ws]
= Be.NIBB.LN: + fe.NN]
= BeNE”. (30)
Thay cic két qua viia tinh dudc vao (25) va sau mot sd
phép bién ddi, ta thu dugc

ns = 78NV, €1}
trong do
A \2
i = pd(BB.L + PBB.N) 2
(paPB.N + 05)(Be.L + Br.N) + PaPe.NBB.L

Nhan thiy ring 7z chi phu thudc vao cac tham sb pha-dinh
pham vi 16n va cac tham sb cong suit ma khong phu thudc
vio N, do d6 np ty 1é tuyén tinh v6i N;. m]

Toc do dit liéu dat dudc tuong ting & nit B hay thué bao
hgp 1€ dudc dinh nghia nhu sau:

Ry =log,(1 +nB) = log,(1 + 178 Ny). (33)

3. Toc dé dir liéu nghe l1én dat duoc
Tur cong thiic (16) ta c6 thé viét lai biéu thic tin hiéu
thu tai niut B nhu sau:
e = VpaE[h{ fg]xs + vpa(h{ fs — E[h{ fg])xp + ng.
(34)

Khi d6, mét gidi han dudi cta SINR tai nit E dugc ky hiéu
la ng va dudc xac dinh bdéi

palE[h{ fzxp]|?
paE[|(hts — E[h fa])xp|?] + 0
) palEhf 5] 2
~ pa(El 2] - [EMfp]1%) + o

B dé 3: Gia tri SINR nghe 1én ng dudc xac dinh bdi
_ = |a(¢B5¢E>Nt)|2
=NME——

g =

(35)

36
N, (36)
trong do
g = PdPE.LBB.L 37)
papE + oE(Be.L + PBN)
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Chitng minh: St dung phuong phap tinh toan tuong
tu & muc III-2, ta c6 thé tinh dudc
[El(ge + By xwe) (g8 + By xWB)]2

[E[h ]2 = 7

_ |g]{;1'gB|2
==
_ PerBeLla(gs, ¢E,Nt)|
§:2
Tuong tu, 4p dung bd dé 1 ta ciing c6

(38)

E[|(ge + By i)™ (85 + By xW8) %]
52
_ Eflas + bz; o+ do?] (39)

E[|hf f5]*] =

trong do

ar = gf' gs,
by = By et W,
= ,BE/I%IngB’
P WE W,
Sau khi khai trién vé phai ctia (39) va 4p dung bd dé 1, ta
thu dudgc

Elaxa3] = Be.LBs.Lla(dB. de. NI,
E[byb5] = Be.LBB.NN.
E[c2¢3] = BeNBB,.LN:
E[d>d3] = BeNBe.NM:

trong khi cac thanh phan khéc bang 0 do tinh chét dbi xing
vong va doc 1ap cia wg va wg. Nhu vay, ta cé
Be.LBB Ll (g8, ¢E, NI
§2
trong d6 pg = ,@E,LBB,N +BE,NBB,L+BENBBN chi phu thude
vao cdc tham s6 pha-dinh pham vi 16n va cic tham sb cong
sudt ma khong phu thudc vao N;, ¢p va ¢g. Thay (38)
va (40) vao (35) ta thu dugc (36). |
Toc do dit liéu dat dudc tuong ting & nit B hay thué bao
hop 1€ dudc dinh nghia nhu sau:

R =log,(1 + ng). 41)

+ PV

E[|hf f5]*] = . (40)

4. Thao luin

Muc nay tap trung khao sit va thao luin mot s6 tinh chat
ctia téc do dit liéu hop 1& dat dugc tai mit B (tic 12 Rg dugc
x4c dinh béi (33)) va toc do dit liéu nghe 1én dat dudc tai
nit E (tic 1a Rg duge xac dinh bdi (41)) ciing nhu dung
lugng bao mat ctia hé théng Csc dudc xic dinh bdi (17).
Cu thé, bd dé 4 trinh bay tinh chit cta gia tri SINR tai
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thiét bi nghe trom ng va bd dé 5 trinh bay dung lugng bio
mat clia hé théng Csc trong céc diéu kién khic nhau vé
quan hé gilta ¢g va ¢g. D€ tién cho viéc thdo luan, ky hiéu
chénh léch géc téi clia thué bao hgp 1& B va thiét bi nghe
trom B la A¢ = |¢B - ¢E|

B3 dé 4: Néu A¢ = 0 thi g ty 1 tuyén tinh véi M.
Ngoai ra thém diéu kién, néu N, du 16n thi dung lugng bao
mit clia hé théng dugc xip xi nhu sau:

Csc ~ log, (78 /7E)- (42)

Chitng minh: Ta ¢6 khi x — 0 thi sin(x) ~ x c6 do
chinh xéc cao. Thuc t& chi can x < 0,2 thi xp xi nay da
¢6 do chinh xic cao [28]. Ap dung biéu thiic xip xi nay
vao (6) ta c6 a(dp, Pg, Ny) ~ N;. Thay gid tri nay vao (36)
ta cé

nE = N, 43)

trong d6 77z dugc cho trong (37). Vi 7jg chi phu thudc vao
cdc tham sb pha-dinh pham vi 16n va cac tham sb cong
sudt nén ng c6 thé xap xi bing mot ham tuyén tinh ciia M.
Thay (43) vao (41) ta c6 Rg =~ log,(1 + g Ny). Két hop két
qua trén vdi (33), ta thu dugc mot gid tri xap xi cla dung
lugng bio mat ctia hé thdng nhu sau:
1+ ﬁBNt)

44
1+ 7eM “

Csc =~ log, (
Tinh gidi han cda biéu thic trén khi N; — 0 ta dudc (42).
m|
C6 thé thiy ring khi thiét bi nghe 1én va thiét bi thu hop 1&
c6 clng géc téi dén tram gdc (trén khong gian hai chiéu),
tiic 1a ¢g = ¢p, thi dung lugng bao mat ctia hé thdng Csc
chi phu thudc vao cic tham sb pha-dinh pham vi 16n va céc
tham s& cong suit nhung khong phu thudc vao sb lugng
dng-ten tai tram gbc N, hay céc goc t6i ¢p va ¢g. Hién
tugng nay xay ra do thanh phan truyén LOS gg va gg chi
sai khac hé s6 pha dinh pham vi 16n nén hg va hg c6 tuong
quan chéo du 16n, khién cho cong suét tin hiéu mong mun
hiéu dung ma thiét bi nghe 1én nhan dugc tir tram gbc du
16n d€ tach tin hiéu.

B& dé 5: Néu A¢ # 0 thi g — 0 va Rg — 0 khi N, —
co. Khi d6 dung lugng bao mat Csc — Rp = log,(1 + 778)
khi N, dua 16n.

Chiing minh: Ta c6

(B, dE, No)| < | sin(@ (¢, dp)| ™", VN > 1.

Thay bt ding thic nay vao (36) ta ¢c6 0 < |npg| <
g(N) = 77l sin(y(g, ¢g))| >/ Ny trong d6 7 duge cho
trong (37). Vi g va ¥(¢p, ¢g) khong phu thudc vao N
nén limp, 00 (N;) = 0. Vi vy, limy, e g = 0. Tir d6 ta
co lile_wo Rg =0 va 1ile_>() Csc = Rg. O

Nh6 lai ring, cic két qua nghién citu trudc day cho didu
kién kénh pha-dinh Rayleigh da khang dinh ring thiét bi
nghe 1én thu doc gan nhu khong thé tich duoc thong tin
phét tir tram gdc t6i thué bao hop 1&. Néi cach khac, thiét
bi nghe 1én thu dong gan nhu khong &nh hudng t6i dung
lugng bdo mat ctia hé thdng. Ly do cho hién tuong nay 1a
trong diéu kién kénh pha-dinh Rayleigh v6i N, di 16n thi
hg va hg khong chi c6 hé sd tuong quan chéo thip ma
tham chi con truc giao v6i nhau. Chi y ring bd dé 5 ciing
dua ra mot khing dinh hoan toan tuong dong trong diéu
kién kénh pha-dinh Rice néu ca A¢ # 0 va N, di 16n. C6
thé giai thich hién tugng nay nhu sau. Khi ca N, du 16n thi
d6 phan giai khong gian clia mang dng-ten tai tram gbc di
nho, didu nay két hop véi diéu kién A¢ # 0 thi cic vector
hé sb kénh truyén hg va hg ciing sé c6 tuong quan chéo
thip, khién cho thiét bi nghe 1én gin nhu khong thu dugc
tach dudc tin hiéu truyén ti tram gdc.

IV. MO PHONG VA TINH TOAN SO

Muc nay ctia bai bdo cung cip mot sd két qui mod phong
va tinh todn sb d€ kiém chiing cic két qua phan tich giai
tich da trinh bay 6 muc III. Xét mdt mang di dong chi ¢
mot té bao trong d6 tram gbc duge dit & chinh giita té bao
trong khi thiét bi dau cudi hop 1& (niit B) va thiét bi nghe
1én thu dong (ndt E) dugc bd tri ngdu nhién trong té bao.
Gia thiét 4nh hudng clia hiéu ting che chin bi bd qua, khi
d6 hé s6 suy hao dudng truyén pham vi 16n dugc tinh nhu
sau: [29-31]

,BX,Y =324+ lOnY loglO(d3D,X) +20 IOglo(ﬂ;),

trong d6 X € X, Y € Y = {L,N}, djp x la khoang cach
tinh theo mét tif tram gbc dén nit X trong khong gian 3
chiéu, f. = 3,5 GHz la tin s6 s6ng mang, ny 1a hé s6 mii
suy hao dudng truyén (path-loss exponent). Ngoai ra, dsp x
dugc tinh nhu sau d3p x = \/d2

o.x t (ha = hx)? trong d6
dop.x 1a khoang céch tit tram gbc t6i nit X trong khong
gian 2 chiéu, ks 12 chiéu cao clia tram gbc A va hx la
chiéu cao ctia nit X [29]. Khong mit tinh tong quat, gia
thiét i1y = 10 m va hg = hg = 1,5 m. Bai bdo xem xét moi
truong té bao 16n & do thi (UMa: Urban Macro), khi d6
ny, = 2 cho thanh phan truyén LOS va ny = 2,9 cho thanh
phan truyén NLOS [30, 31]. Theo [29], dbi v6i moi trusng
UMa thi « tinh theo dB 1a mot bién ngdu nhién Gauss
N(9;3,5). BE don gian, chiing ta gia thiét kg = kg = 9 dB.
Gia thiét hé théng hoat dong vé6i bing thong 10 MHz, cong
suit phét & tram gdc 1a pg = 46 dBm, cong suit phat & thiét
bi dau cudi hop 1¢ 1a Pp = 24 dBm va mat do cong suét
tap Am nhiét 14 Ny = —174 dBm/Hz. Téc do dit liéu dudc
tinh cho mot séng mang con bing thong 15 kHz. Gia thiét
khoang cich giita cdc dng-ten lan cin tai tram gbc bang
ntia budc séng, tic 1a d = 0,5. Gia thiét hé s6 tap am tai
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Hinh 1. Két qua md phdng va két qua phan tich giai tich clia Rp,
Rp va Cgc dudi dang ham so ctia N; khi @ = ®g =0 rad.

tram gbc 1a 9 dB/Hz trong khi hé s tap am tai niit B va
tai nit E 12 5 dB/Hz. Khong mit tinh téng quat, gia thiét
rang ®p = 0 rad.

Truc hét, ching ta xem xét mot kich ban md phdng
trong d6 thiét bi nghe 1én thu dong, hay nit E, dit khad sat
thiét bi dau cubi hop 18, hay nit B. Mot sé cac tham s
md phdng cua kich ban nay nhu sau: (i) khoang cach tu
mit E va tif nit B dén tram gbc déu 1a 300 m, (ii) hé sb
mo hinh kénh Rice 13 kg = kg = 9 dB, va (iii) két qua md
phoéng dugc ldy trung binh ctia 100.000 mau. Cac hinh 1
va 2 trinh bay két qua mo phong va két qua phan tich gidi
tich ctia toc do dit liéu hop 1& Rg, téc do dit liéu nghe 1én
Rp va dung lugng bdo mat Csc dusi dang ham sb ciia N,
tuong tng véi khi ®g = 0 rad va ®g = 0,002 rad. C6 thé
thiy ring cac két qua mo phong gin nhu nim trén dudng
bi€u dién cic két qua phan tich giai tich tuong ting, tic la
két qua phan tich gidi tich dugc dé xuit c6 do chinh xdc
cao va c6 thé dudc dung thay thé cho két qua md phong.
Trong ca hai hinh trén, Rg ludn tang theo ham 16garit cla
N,, diing nhu két qua phan tich trong muc I1I-2. Hinh 1 cho
thiy Rg déu ting theo ham logarit di v6i N, trong khi Csc
gan nhu khong ddi. Két qua mo phong nay hoan toan phu
hop véi cac khang dinh trong bs dé 4.

Hinh 2 cho théy khi @ # ®p thi cd Rg va Csc thay déi
khong don diéu theo N,. Khi s6 dng-ten & tram gbc nhd
thi téc do dit liéu nghe 1én gan sit vé6i toc do dit liéu hop
1&, khién cho dung luong bdo mat thip. Khi sb dng-ten &
tram gbc ting lén thi tbc do dif licu nghe 1én giam dan.
Pang chi ¥, c6 mot sb gid tri sd Ang-ten & tram gbc khién
cho téc do dit liéu nghe 1én tién sit bang khong va dung
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Hinh 2. Két qud m6 phong va két qua phan tich gidi tich cla Rg,
Rp va Cgc duéi dang ham so cua N; khi @ = ®pg = 0,002 rad.

9
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7
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Q
2,
25 O T6c db dir liéu hop & - mé phong
i Téc do dir liéu hop 1 - giai tich
5 ¢ T6c do dir liéu nghe lén - mo phong
g 4r — — Téc d6 dir liéu nghe Ién - giai tich
8 A Dung lugng bao méat - mé phong
F3 —-—-Dung lrgng bao mat - gidi tich

Goc tGi cua thiét bi nghe 1én thu dong [rad]

Hinh 3. Ké&t qua md phdng va két qua phan tich gidi tich cla Rg,
Rp va Cgc duéi dang ham so cia O rad khi Ny = 128.

lugng bao mit gan bang toc do dit liéu hop 1&. Ly do 1a tai
cdc gid tri N, trén cac vector hé sb kénh truyén truc giao
voi nhau.

Hinh 3 trinh bay két quid mo phéng va két qua phan tich
giai tich ctia Rg, Rg va Csc dudi dang ham s ctia ®g rad
khi N; = 128. C6 thé thiy ring khi géc t6i ®g cang 16n, tic



Cdc cong trinh nghién cifu phat trién Céng nghé Théng tin va Truyén thong

la A® cang 16n, thi téc do dif liéu nghe 1én c6 xu huéng
cang giam. Piéu nay hop 1y vi khi A® cang 16n thi tuong
quan chéo gifta cac vector hé s6 kénh truyén cang nho.

V. KET LUAN

Bai bdo nay dé& xuét cac biéu thic gidi tich dang tuong
minh cho dung lugng bdo mat ctia hé thdng thong tin v
tuyén MIMO c¢§ rat 16n khi c6 mit thiét bi nghe 1én thu
dong va dudi diéu kién kénh truyén pha-dinh Rice. Két qua
cho thiy ctia thanh phan truyén tam nhin thing c6 thé lam
cho tuong quan chéo giita cic vector hé s6 kénh truyén
giifa tram gbc va cac thiét bi di 16n, tit d6 cho phép thiét
bi nghe 1én thu dong c6 thé anh hudng 16n dén dung lugng
bido mat ctia hé thong. Cac két qua trén dudc kiém ching
bdi md phéng Monte Carlo trong cdc diéu kién mod phong
khac nhau. Mot s6 huéng nghién ciu tiép theo lién quan
la nghién cifu anh huéng cta thiét bi nghe lén thu dong
khi tram gbc st dung cdc phuong phap xit ly tin hiéu khac
hoic nghién ctiu anh hudng ctia thiét bi tin cong chii dong
trong diéu kién kénh truyén pha-dinh Rice.
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