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TOM TAT
Dung hrong kénh truyén trong hé thong Bing siéu réng (UWB) ting ddng ké khi két hop
ky thudr dao nguoc thoi gian (Time Reversal - TR) véi ky thudt da anten vao ra (Multi-
Input Multi-Output — MIMO). Tuy nhién, trong thyc té khi siz dung nhiéu antentgi bg phét
va bg thu, ludn ton tai sw fwong quan khéng gian giita ching, lam cho dung hrong kénh
truyén giam xuéng. Trong bai bdo nay, dung lirong kénh truyén cua hé thong MU - MIMO
- TR - UWBduoc phén tich va danh gid ca hai truong hop co tac déng va khdng co tac
daong cua hé sé tuwong quan. Ngodi ra, sw thay doi sé lwong anten dau vao va dau ra ciing
tac dong \ém dén dung heong cua hé thong UWB. Pdc biét, bai bdo da chi ra duwot si tac
déng manh cuatirong quan thu so Véi tiong quan phat, dong thoi chiing téi ciing da phén
tich va danh gid dwoc diém manh va diém yéu cua hé thong MIMO khi s¢ nguoi sir dung

tang lén.

Tir khéa: UWB, TR, MIMO, MIMO-UWB, TR-UWB, MU-MIMO-UWB-TR

1. GIOI THIEU

Cong nghé truyén thong Wifi dang phat trién rat manh trong mang théng tin
khoang cach ngan. Tuy nhién véi toc do hién tai, dé dap ung nhu cau cho sy gia ting
cac dich vy doi hoi tée do cao va dung luong 16n thi khdng thé dap ung duoc. Bing siéu
rong (Ultra Wideband — UWB) ra doi nham giai quyét mot cach hoan hao cac van dé
han ché bang thong trong méi trudng truyén thong khong day [1 - 3]. Tuy nhién, cac
kénh truyén trong thuc té déu la cac kénh fading, vi thé cac van dé gy anh huong dén
chat luong truyén dan trong hé théng UWB phuc vu da ngudi ding thuc sy phic tap [4
- 6]. Mot giai phép c6 thé khac phuc van dé nay la st dung két hop k§ thuat dao nguoc
thoi gian (Time Riversal - TR) vai ky thuat da anten phat va da anten thu (Multi-Input
Multi-Output - MIMO) trong hé thong bang siéu rong da ngudi ding (MU — UWB). Sy
két hop nay nham cai thién téc do truyén dan va giam thiéu cac yéu té anh huong dén
viéc 1am giam chit luong cua hé théng MU-UWB [7 - 9].

Phén tich dung luong hé théng MU-UWB la mét trong nhitng huéng nghién ctu
noi bat trong truyén thong trén thé gigi. Tuy nhién, hién nay chua c6 tai liéu nao dua ra
phan tich dung luong kénh truyén hé théng MU-UWB trong ca 4 truong hop SISO (mot
anten dau vao — mot anten dau ra), SIMO (mot anten dau vao — da anten dau ra), MISO
(da anten dau vao — mot anten dau ra) va MIMO (da anten dau vao — da anten dau ra).
Bai bdo nay dwa ra mé hinh toan hoc va thuc hién md phong dé danh gia dung luong
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kénh truyén MU-UWB trong trudng hop tong quat nhat 1a MIMO. Tir d6 rat ra sy danh
gia va so sanh vai 3 truong hop con lai. Két qua nay c6 thé dinh huéng cho cac nha san
Xuit tham khao nham tdi wu hoa trong viéc ché tao thiét bi thu phat tin hiéu UWB.

2. MO HINH HE THONG [11], [12]

M® hinh hé théng UWB da ngudi dung két hop ky thuat dao nguoc thoi gian véi
ky thuat MIMO dugc cho ¢ hinh 1.
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Hinh 1. M& hinh hé théng MU-MIMO-UWB-TR

Pap ung xung kénh truyén giira anten phat thir j va anten nhan th i ciia nguoi
dung tha n duoc biéu dién nhu sau:

L1
hij(n) = Z Ofiﬁf})5(t — T ) 1)
=0

Trong 46, o), S(t—7,),1=1,2,... ,M.,j=1,2,...,M;,n=1, ..., Nlan
luot 13 bién do, do tré cua tap thir I, s6 anten phat va sé anten thu caa mot ngudi dung.

Dang roi rac trong mién thoi gian duoc viét lai nhu sau:

hij(n) :[hij(n)[OL hij(n)[1]1“" hij(n)[L_l]:I (2)
Mbi dap rng xung nay mang maét ning luong:
ITg
E[‘hij("’[l]‘z}:e o, 0<l<L-1 ®)

Nhu vay, véi Mt anten ¢ bo phat va Mg anten ¢ bo thu ctia nguoi dung thir n sé
c6 dap ng xung nhu sau:

Q) (n) (n ]
h11 h12 M
(n) (n) (n)
o™ = hy hy thT 4)
(n) (n) (n)
_hMRl hMRZ hMRMT_

2



TAP CHI KHOA HOC VA CONG NGHE, TRUONG BH KHOA HOC HUE  TAP 1, SO 1 (2014)

Gitra anten thu thir i va phét thir j c6 L tap. Vi vay kich thudc ma tran dap Gng
xung kénh truyén cua ngudi dung thir n s& 1a MR x (MT x L).

Do do, trong moéi trueong khao sat co6 N nguoi dung thi dap ing xung cua kénh
tuong tmg duoc biéu dién la H:

H=. ()

Ma tran H c6 kich thude (N X Mg) X (Mt x L).

Khi tram phét nhan duoc céc xung thdng tin CIRs tir cac nguoi dung, khdi dao
nguoc thoi gian (Time-Reversal Mirror - TRM) sé& sir dung cac thong tin CIRs dé tao ra
cac dang song dé truyén thong véi anten ciia ngudi dung twong Gng. Pt G 1a ma tran
t6ng quat caa TRM, n6 ¢6 dang nhu sau:

G=[G" G», .., GM] (6)

Ma tran G c6 kich thugc (MT x L) x (MR x N).

Vé6i mdi G(n) duoc khai trién co dang:
RO U T L IV

GM = (g(n) (g(n) (gg\l)lR ! (7)

(g(n) (g(n)z)T (g’(vTT)MR)T_
G(") né ¢6 kich thusc (Mt x L) X M.
Trong do:

g’ =h" [L-1-1]/ \/ {M Z\h(m w ®

9{"1a dao nguoc thoi gian va chuyén vi khong gian caa h(™, ()" biéu thi gia
tri lién hop phtrc [11], [12].

Trén thyc té, do lubn c6 sy twong quan giira cac anten phat, anten thu ciing nhu
gitra cac ngudi dung bén nhan nén dap tng xung kénh truyén H khdng thé hién ding
tinh chit ciia moi trudong. Vi vdy, dé danh gia diing méi trudng, ching t6i 4p dung mo
hinh toén hoc néi tiéng mé hinh Kronecker:

Kron = [RlRli H R'll'/xzj (9)

Trong d6: Rry VA Ry lan luot 12 ma tran twong quan giita anten thu ciia N nguoi
ding véi ma tran tuong quan phat, dang caa ching duoc biéu dién nhu sau:
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RO 0 ... 0 1 Prx Pr o PR
0 RY .. 0 R
Rec=| 0 (10)  Ru=| ph A 1 oAl (11)
0 0 .. RY e
pTxT pTxT pTxT 1
va
1 P (PE?: o (PN
M, -2
R0 _| PR 1 P e (PR (12)
Rx — . . . . .
P (o)™ (pE)™ 1

R 13 ma tran hé s6 twong quan gitra Mg anten thu trong nguoi dung thi n, kich
thudc (Mg X MR).

pr VA ptheo thir ty 12 hé s6 twong quan phat giira cac anten dat gan nhau phia
phét va hé sb trong quan ciia cac anten dat gan nhau trong cling mot ngudi nhan thi n.

C6 thé biéu dién kénh twong quan ciia nguoi ding thi n, L tap dudi dang:
Q) ™ ]

RO
ha1 ha2 him,
(n) (n) (n)
ng)m: ha21 h2, haw, (13)
(n) (n) (n)
[PV hwgz -+ hwgw, |

Kich thuéc ma tran: Mg x (M x L), véi h; 1a dang roi rac kich thuéc (1 x L):
g = a0, b,y L1 (14)

Bién doi tuong tu, ta cO ma tran dap Gng xung cua toan bo kénh truyén khi da
xét trong quan:

HO,
H, =" o (15)
| Hion |
Kich thudc ma tran: (N x Mg) x (Mt x L)
Tuong ty, ma tran tong quét tir bd TRM Gkron :
Guron =[Glns Gins =+ Gloen (16)
VoI
@) @) ()|
o _| @) @) e (g
o ; : ; (17)
(@) (@) (@) |
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va

L-1

o) [1-H [ e w5

k=0

(n)
h|J

} (18)

Gia st rang tin higu dau vao c6 dang X = X®, X@, ... X(N)] cac gia tri
nay la cac bién ngiu nhién doc lap, trung binh bang khong, va phuong sai bang gia tri 0
, thi tin hiéu dau ra cua hé thong dugc cho boi cong thic:

Y = (GKFOH * X) * HKron (19)

Th((el()) tlnh( cht ctia tl?h) chap, c6 thé viét lai nhu sau: Y = (G, *H,on) * X +0,
véi n= Ln I | }Ia nhiu Gauss trang c6 trung binh bang khéng, phuong
sai o. Vi vay, tin hiéu nhan drgc tai ngudi ding tha n (1<n < N) va L tap c6 thé viét
lai nhu sau:

N Mg My 2L-2
YOIJ=a,2 3> > (" g, " 11X [k=1]+n[k]  (20)
m=1 i=1 j=1 1=0

Tin hiéu nhan Y™ [k]co thé bicu din l1a tong cua cc thanh phan khac nhau:
thanh phan tin hiéu mong mudn (Signal), nhiéu lién ky tu (ISI), nhiéu lién nguoi ding
(1UI) va nhiéu lién anten (1Al) va tap nhiéu tir méi trudng bén ngoai:

Mg My n n
YOk]=a,3 3 (h" *g, L -2 x O k- L] (Signal)
i=L j=1
2L-2 My Mq h(n)* (ﬂ) I (n) k I ISI
2, 2, 2 2 ey X k-] (1)
= i=1 j=
l=L-1

> (" *gj.i.(”))[l]x ™k 1] (A) (1)

N2 dn e I () (m)

> (™ g [1X k1] (u1)
m=1 1=0 i=1l j=1i'=1l j=l
m=n J'=]

+a, W[k] (noise)

3. PHAN TiCH DUNG LUQNG KENH
CUA HE THONG MU-MIMO-UWB-TR

Dua trén cac thanh phan tin hiéu da phan tich dwoc & trén, chang tdi tinh cong
suit twong wng cua ting thanh phan: cong suat thanh phan tin hiéu mong muén tai mot
ngudi dung Psig (Signal - Sig), cong suat nhiéu lién ky tu trong cing mot ngudi ding
Pisi (Inter-Symbol Interference - IS1), ¢6ng suat nhidu lién anten Pa; (Inter-Antenna
Interference - IAl), cong suét nhiéu lién ngudi ding Py, (Inter-User Interference - 1UI)
va cOng suat nhidu cua moi truong bén ngoai o® (Noise). Sau khi tinh duoc cdng suat
cuia cac thanh phan nay, chang toi tiép tuc tinh dung luong kénh truyén dé danh gia mo
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hinh hé théng ma ching toi da xay dung dwoc & trén. Cong thic tinh dung lwong kénh
truyén nhu sau:
C = Blog, (L+ SINR) (22)

Dé don gian trong viéc danh gia ti s tin hiéu trén nhiéu va lién nhidu, ching toi
chuan hoa bang thong kénh truyén B=1 Hz, do d6 dung lwong kénh truyén tinh duoc
trén cong thirc (22) ciing chinh 14 hiéu qua bang thong cuaa hé théng.

SINR (signal-to-interference plus noise ratio) duoc sir dung dé danh gia chét
luong cua tin hiéu tai mdi ngudi dung va duoc tinh toan tai nguoi dung tha n trong hé
théng da nguoi dung nhu sau: [11], [12]

Q)
SINR™ = it (23)
n n n 2
Pa™ +PRy +Py, " +o

Cong suat tin hiéu thu tai ngudi dung tha n 14 céng suat tin hiéu mong mudn
nhan duoc tai tap L-1. Tai gi& tri nay tin hiéu thu dugc la cuc dai, va gia tri a, khéng
anh huong dén két qua tinh SINR. Dé don gian, ching t6i gia sir a, =1 trong toan b

qué trinh tinh toan. Cong suat tin hiéu dugc tinh theo cong thic:
2

R A ) 24
pSig(n) -0 ZZ(hij g )[L_]_] (24)
i1 j=1
Cong suét cua cac thanh phan tin hiéu nhidu khéng mong mudn dwgc tinh nhu
sau:
2L-2|Mg M 2
n O (™M () (25)
PlSl():eZ (hij *0i )[I]
1=0 [i=L j=L
l=L-1
2
2L-2({Mg My Mg M
N R OB, () (n) 26
P =0y (hs+g,.” )01 29)
1=0 |i=L j=1i=Lj=L
A )'=j
2
N 2L-2|Mg M; Mg Mg (27)

4. CAC KET QUA MO PHONG VA THAO LUAN

Trong md phong nay, cong suét phat trung binh tong cong cua cac anten phat 1a
P. Do d6 cong suat trung binh 6 14 ti s6 giita cong suét phét trung binh téng cong trén
s6 nguoi dung N

g (28)
N

Dinh nghia ti s6 tin hiéu trén nhidu SNR tac dong dén nhidu Gauss trang trung

binh bang khdng va phuong sai o, lién hé theo cong thuc sau:
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P

SNR=—E
3

1=1

(n
hu

} (29)

Théng s6 md phong duoc chon nhu ¢ bang 1:

Bdng 1. Cac théng sé md phong

Tham s6 mo phéng Gia tri
Mbi trudng (vin phong bi che chin) | CM4
D¢ dai dap ting xung moi truong L =257
Tan s6 1ay mau hé théng Fs = 3.10°
Thoi gian 1dy mau hé théng Ts = 1/F;
Do trai tré ctia kénh o, = 128T;
S6 lwong ngudi ding N =11, 2, 4,8]
S6 anten phét Mr=[2, 4, 7]
S6 anten thu Mg =[2, 4, 7]

Két qua mod phong nhan dugc khi thay d6i 3 théng s6 N, My, Mg trong trudng
hop khong twong quan va cé twong quan duoc thé hién ¢ hinh 2 va hinh 3. Ching toi
tién hanh khao sat s6 nguoi dung N = [1, 2, 4, 8], tuong &ng véi mdi N, ching toi xét sb
anten thay doi (4 x 2) va (4 x 4).

+  N=14x2
4H —+H—N=14x4

+  N=24x2
35H —+—N=24x4
A N=4 4x2
3H —&— N=4 4x4
N=8 4x2

25H

++++++++++++++++ T
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Hinh 2. Kénh MU-MIMO-UWB-TR khong Hinh 3. Kénh MU-MIMO-UWB-TR
tirong quan co twong quan (p;, = 0.3va p, =0.2)

Két qua md phong cho thay: véi cling mot tap gié tri cua SNR, s6 nguoi ding,
s6 anten phat va thu thi dung lugng kénh trong hé thong MIMO ¢6 twong quan bi giam
nhiéu so véi hé thbng MIMO khéng ¢6 twong quan. Chang han: tai SNR = 20dB, M1=2,
Mg=4, hé s6 twong quan phat = 0.3, hé s6 tuong quan thu = 0.2 thi dung luong kénh chi
khoang 3.1bps/Hz; trong khi d6 véi hé thong kénh MIMO khéng twong quan cing tap
thong sé thi dung lugng kénh dat dén 4.2 bps/Hz. Véi clng sé lugng nguoi ding N,
dung luong kénh tang khi ting sd luong anten phét va anten thu. Chang han, khi N = 2
hé thong anten (4 x 4) c6 dung lugng 1a 2.2 bps/Hz, hé théng anten (4 x 2) dung luong
chi khoang 1bps/Hz.
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Két qua md phong anh huéng cua su twong quan 1én hé thdng trong 2 truong
hop: sb anten thu c¢6 dinh, anten phat thay d6i (Mg = 2, Mt = [2, 4, 7]) va s anten phat
cb dinh, anten thu thay d6i (Mt =2, Mg =[2, 4, 7]) khi N =2 duoc thé hién twong ung
& hinh 4 va hinh 5.

0.68

: ‘ ; : ' ' 1 | ——2x2
0.66F-==+ T Fosszcy R H [ iy 1 —e— 2 ]
H | ' : ] 27

064 p---o- '

e T Tty SRTERS R SR PRTTRS S SIS .

o
@

Channel Capacity (bps/Hz
=)
o
b
I
Channel Capacity (bps/Hz,

086 r-semebonen s nem e S g -
0.54 B SR AR Feetg

0.52 SR L]

% I S N I NN S U NN B Y T TR N N T S I B
0 0.1 0.2 0.3 04 05 0.6 07 08 09 1 0 01 02 0.3 04 0.5 0.6 07 0.8 0.9 1
Pr Pr

g :

Hinh 4. Anh huwéng tiwong quan phat lén dung ~ Hinh 5. Anh hieong twong quan thu lén dung
lirong hé thong MU-MIMO-UWB-TR (N=2) lirong hé thong MU-MIMO-UWB-TR (N=2)

Két qua md phong ¢ (hinh 4) cho thay: khi ting sé lugng anten phat thi dung
luong hé théng tang.

Két qua hinh 5 cho thay: tuong quan thu anh huéng 16n dén dung luong hé
thong hon so Vi twong quan phét. Véi tuong quan thu nho hon 0.3, dung lugng hé
thdng ti 1& thuan voi viéc ting anten thu, nhung khi twong quan thu 16n hon 0.3, dung
lugng hé théng giam rat manh. Hé thong sir dung nhiéu anten thu c6 dung luong thap
hon hé théng it anten thu do anh huéng cia twong quan. Truong hop nay khéng xay ra
trong hé thong da xét trén hinh 4.

Két qua moé phong cua 4 hé thbng MU-SISO-UWB-TR, MU-MISO-UWB-TR,
MU-SIMO-UWB-TR va MU-MIMO-UWB-TR trong truong hop khong tuwong quan
duoc thé hién ¢ hinh 6.

35

T
—+— 8IS0 1x1
|| —*— SIMO 4x1

—&— MISO 1x4

w

Channel Capacity (bps/Hz)

10 5 0 3 10 15 20
SNR(dB)

Hinh 6. Dung lwong cia 4 hé thong khi khéng cé tiwong quan (N=2).
M6 phong cho thay: két qua khi khéng c6 su twong quan phét va thu, viéc ting
s6 anten & tram phat c6 loi hon ting anten ¢ tram thu. Tai SNR = 20dB, vdi hé thong
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MISO (4 anten phat, 1 anten thu) thi dung luong bang 1.5bps; trong khi d6, hé thdng
SIMO (1 anten phat, 4 anten thu), dung luong chi dat khoang 0.65 bps. Néu ting dong
thoi ca anten phét va anten thu, hé théng MIMO (4 anten phat, 4 anten thu) dung luong
tang lén rat nhiéu (khoang 3.2bps).

Két qua md phong dung luong cua 4 hé thong MU-SISO-UWB-TR, MU-MISO-
UWB-TR, MU-SIMO-UWB-TR va MU-MIMO-UWB-TR trong truong hop cé tuong
quan tng véi kénh c6 twong quan thu bang 0, twrong phat 16n nhat 0.95 va kénh c6
tuong quan thu 16n nhit bang 0.95, twong quan phat bang 0 duoc thé hién twong Gtng &
hinh 7 va hinh 8.

2 : : : : 1 16

:
—+— SIS0 1x1
141 —+— SIMO 4x1
e MISO 1xd |

MINO 45 |

o
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o
@

______________________________________________________
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=
=
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o
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0.2 semememnnndenec b —A— MISO 14 02 b mmmmeee oo ® ] ST RERREE S RERERETT SRR E
e : : : MIMO 434 ! : : : |
0 ' ' ' L ; I L B I N B I
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Hinh 7. Dung lwong hé théng véi twong quan  Hinh 8. Dung heong hé théng Véi tuong quan
phét 1én nhat thu I6n nhat

Két qua md phong cho thay:

- V6i twong quan phat 16n nhat, dung luong cua 4 hé théng déu giam, giam manh
nhat 12 hé théng MU-MISO-UWB-TR. Dung luong hé théng MU-MISO-UWB-
TR giam xubng thip hon ca dung lwong hé théng MU-SIMO-UWB-TR.

- V6i tuong quan thu 16n nhat, dung luong cua hé théng MU-MIMO-UWB-TR
giam rat manh, tir 1.8 bps (chi c6 twong quan phat) xudng 0.4 bps, thap hon ca
hé thong MU-SISO-UWB-TR.

Tir két qua mé phong trén, chung t6i dwa ra mot s6 nhan xét sau day:

- Cung chi s6 ngudi s dung N thi dung luong kénh cia hé théng MU-MIMO-
UWB-TR I6n hon dung luvong kénh MU-MISO-UWB-TR, va dung lugng kénh
MU-MISO-UWB-TR cao hon dung lugng kénh cia MU-SISO-UWB-TR. Diéu
nay chi ra rang, dung luong kénh ting theo s lugng anten phat va anten thu.

- Tuong quan thu anh huéng nhiéu hon twong quan phat.

- Trong moi truong €O Su twong quan thu cao, viéc tang anten thu khong duoc loi
gi vé& mit dung lugng ma tham chi con bi giam dang ké.

- Hé théng MU-SISO-UWB-TR khéng bi anh huéng bai su tuong quan thu va
phat.
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STUDYING TIME REVERSAL TECHNIQUE AND ANALYSING
THE CAPACITY OF MIMO-UWB SYSTEM

Ho Duc Tam Linh", Nguyen Van Phu, Dang Xuan Vinh
Department of Electronics — Telecommunications, Hue University of Sciences
* Email: hodutali@gmail.com

ABSTRACT

Channel capacity of Ultra-Wide Band system (UWB) has increased significantly when
combining both Time Reversal technique (TR) and multiple antennas (Multi-Input Multi-
Output-MIMO). In fact, multiple antennas at the transmitter and receiver always exist
correlation to each other; therefore, channel capacity is reduced. In this paper, the
channel capacity of the system MU - MIMO - TR - UWB will be analyzed and evaluated
in both cases of having impact of the correlation coefficient or not. In addition, changing
the number of input and output antennas also causes a major impact on the capacity of
UWB system. In particular, the paper pointed out that there is a bigger impact of the
reciever correlation than the transmitter correlation. We also analyzed and evaluated the
strengths and weaknesses of MIMO systems as the number of users go up.

Keywords: UWB, TR, MIMO, MIMO-UWB, TR-UWB, MU-MIMO-UWB-TR
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