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Tom tit: Trong bai bdo nay, ching toi dé xuat mot
mo hinh hé thng truyen song milimet qua soi quang
c6 cai thién hiéu ning vé mat dung luong bang céch
két hop k¥ thuat ghép phan chia theo phan cuc quang
(PDM) va phan tap khong gian da dau vao da dau ra
(MIMO). Tir md hinh d& xuét, dung lugng cua hé
thong dugc phan tich dudi anh husong cia cac loai tap
am va méo phi tuyén gay ra bai cac phan tir trong hé
thong ciing nhu anh huong cua fading duong truyén
vo tuyén. Két qua phan tich hiéu ning cho thay dung
luong kénh cua hé théng co thé duoc cai thién dang
ké. Tuy nhién, gi4 tri cac tham sé cong suat phét va
chi sé diéu ché can duoc lya chon phu hop dé tranh
anh huong cua méo phi tuyén lam suy giam dung
lwong caa hé thong.

Tir khéa: truyén song vo tuyén qua soi quang
(RoF); ghép phan chia theo phén cyc quang; truyén
dan da dau vao da dau ra (MIMO).

I. GIOITHIEU

Trong nhimg nim gan day, Iwu lugng dir ligu di
dong dang tang 1é€n theo ham s6 mil do sy gia tang
nhanh chong cua céac thué bao di dong cung véi su kha
dung cua cac dich vu dir liéu tép do cao cho céc thiét
bi di dong. Chinh sy gia tang ve luu lugng dit li¢u di
dong d6 da lam cho cac nha cung cip dich vu di dong
pha1 dol mat véi nhiéu thach thirc nhu phai cung Cap
cac toc do dir liéu cao hon, hiéu qua phé tan cao, va
hi¢u qua st dung nang luong cao [1]-[4]. Phé tan vo
tuyén truyen thong dai tr 300 MHz t6i 3 GHz da
khong thé dép tmg duoc nhu cau cua cAc thué bao hién
tai, trong khi dai tan milimet (30-300 GHz) co the
cung cap thong luong gap 1000 lan dai tAn vo tuyen
truyen thong. Hon nira, dai tan milimet ¢6 nhiéu uu
diém khac nhu khong can xin cip pheép, dé dang trién
khai. Tuy nhién, khi st dung dai tan milimet nay,
khoang cach vo tuyén va vung phuc vu ctia mdi BS bi
han ché do suy hao trong moi truorng Vo tuyén lon. Két
qua 13, cdng nghé truyén song vo tuyén qua soi quang
(RoF) 1a mét lya chon hip dan cho viéc mé rong
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khoang cach truyen dan va ving phuc vu cua céc hé
thdng truy nhap v tuyén sir dung bang tan milimet.

Di vé6i kénh vo tuyen trong hé théng truyén song
vO tuyén o bang tan milimet qua soi quang
(MMW/ROF) st dung da anten tai cd hai dau cua lién
két v tuyén (cong nghé MIMO) gan day da duoc
quan tam mot cach dac bi¢t béi no khong chi co kha
ndng lam tang hi¢u qua st dung phd tin ma con cung
cap tdc do dir lieu 16n. Hinh 1 minh hoa khai niém co
ban cua hé thdng MMW/ROF sir dung MIMO 2x2 [5].
Nhu chi ra trong hinh Ve, hai tin hi¢u tan s6 vo tuyen
(RF) cung cép cho cac anten Tx1 va Tx2 dugc chuyen
d6i thanh tin hiéu quang, ghép va truyen qua soi
quang. Cac k¥ thuat ghép kénh c6 thé duoc str dung
nhu ghép kénh phéan chia theo budc song WDM hay
ghép kénh phan chia theo séng mang phu SCM. Trong
bai bdo nay, chadng téi sir dung k¥ thuat ghép kénh
phan chia theo phan cyc quang (PDM), trong d6 viéc
truyén tai sé liéu dugc thuc hién ¢ hai mode phan cuc
tryc giao trong cung dai tan. Hai anten sau phat, sau
khi tiép nhan tin hiéu tir phan hé trung tdm théng qua
cac bo tach song quang (PDs), s& buc xa cac tin higu
vO tuyén ra khong gian. Céc tin hiéu nay sau d6 dugc
nhan bei hai anten thu Rx1 va Rx2. Tin nhi¢u nhan
duogc 1a tong cua hai tin hi¢u phat di véi cac hé )
kénh khéc nhau do céc tuyén duong truyén khac nhau.

Cho den nay, c6 mot sé nghién ciru da va dang
quan tdm dén hé thong MMW)/RoF sir dung MIMO [5-
9] Mot trong so cac nghién ciru d6 da dua ra khai
niém h¢ thong MIMO RoF nhung st dung mét soi
quang tach biét cho mdi tram goc BTS [6]. Viéc
truyen tai tin hi¢u ghép kénh phan chia theo tan s truc
giao OFDM cho hé théng da anten MIMO trén mang
quang thu déng PON sir dung ky thuat WDM ciing da
duoc thyc hign trong [7,8]. H¢ thong MMWY/RoF st
dung PDM va MIMO dé truyén s liéu toc do 5 Gb/s
cling dugc de xuat trong [9]. Tuy nhién, h¢ thong nay
st dung so dd diéu ché OOK véi hiéu qua sir dung pho
tan thap. Nam 2012, Lei Deng va cac tac gia da dua ra
mé hinh h¢ thng truyén séng vo tuyén 2x2 MIMO-
OFDM qua mang WDM-PON dua trén ky thuat ghép
phén chia theo phan cuc va ky thuat da anten MIMO
[10]. Ngoai ra, hé théng 60 GHz PDM-OFDM ciing
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duoc nghién cau thir nghiém thanh cong trén 10 km
soi quang va 3 m kénh vo tuyén MIMO [10]. Tuy
nhién, nghién ctru [10-11] cling nhu ca cac nghlen ctu
néu trén déu dugc thyc hién dya trén cac md hinh thuc
nghlem ma chua c6 sy phan tich ly thuyet va khoang
cach vo tuyen mai xét & cu ly rat ngan. Do do, céc ket
qud dédnh gid hi¢u ndng bi han ché boi cac diéu kién
thu nghlem nhu toc d9, cu ly truyen dan. Hon nita,
dudi cac diéu kién thir nghlem rat kho dé danh gia
riéng biét anh huong cua cac tham s hé théng.

Central Office

1 h _1
Tx2 M’:,l/\ Rx2 H
MIMO

% T Processing

Hinh 1: Hé théng MMW/RoF st¥ dung MIMO [5].

Dé c6 thé danh gia twong ddi toan dién vé mirc do

véi s6ng mang MMW (fmm). Tin hiéu tir dau ra cua
céc bo didu ché OFDM dugc diéu ché voi hai séng
phan cyc tai hai bo diéu ché MZMs nhu chi ra trong
hinh 2. Sau @6, hai tin hiéu dugc diéu ché do s& dugc
ghép lai boi bo két hop song phan cuc (PBC) va duoc
truyén trén sgi quang. Tin hiéu sau khi dugc ghép
phan cyc va truyén qua soi quang téi RAU s& duoc
dua qua b tach song phan cuc PBS va dua téi hai b
tach song quang (PDs) twong ng. Cac tin hi¢u sau
tach song quang dugc khuéch dai va dua ra hai anten
Tx1 va Tx2 twong tng dé buc xa tin hiéu vo tuyén ra
khéng gian. Cac tin hi¢u sau dé6 dugc nhan boi anten
thu Rx1 va Rx2. Céc tin hiéu nhan duoc nay s& Ia tong
caa hai tin hiéu truyén di véi hé so6 kénh khac nhau do
cac tuyén duong truyén 1a khac nhau. Trong bai bao
nay, ching téi st dung MIMO 2x2 duogc dac trung boi
ma tran H. Tin hi¢u nhan dugc tai phia thu s& dugc
dua qua cac bo khuéch dai tap &m thap LNA, sau d6
dén bo tron dé tron tin hiéu thu voi nguon dao dong
ndi, va qua bd loc dé dugc tin hiéu ban dau.

cs OFDM

BS/RAU

Tx1 Rx1

RECEIVER

Hinh 2: Kién tric dwong xudng cta hé théng MMW/RoF st dung MIMO va PDM

kha thi cua hé thong MMWI/ROF st dung k§ thuat
PDM va MIMO nham cung cap cac thong tin hitu ich
khi thict ke h¢ thong, chiing t6i de xuat ra mot md hinh
duong xudng cho hé théng nay va phan tich hi¢u néng
dung lugng h¢ théng dudi anh hudéng cia mot s6 tham
s6 hé thong nhu tap am, méo phi tuyén va fading.

Phan con lai cua bai bdo duoc Cau tric nhu sau.
Phan II d& xuat cdu tric duong xubng cua hé thong
MMW/RoF str dung ky thuat MIMO va PDM. Hi¢u
ndng cua h¢ thong s& duoc phan tich trong phan III.
Phan IV trinh bay cac két qua va phan tich danh gia
cac két qua do. Cudbi cuing, céc két luan s& duoc dua ra
trong phan V.

Il. KIEN TRUC BUONG XUONG CUA HE
THONG MIMO MMW/ROF

M6 hinh duong xudng cia hé théng OFDM
MMW/RoF st dung MIMO 2x2 dugc minh hoa trong
hinh 2. Tai phan h¢ trung tam, tin hi¢u c6 budc song 1
tur laser dugc dua téi bo tdch séng phan cuc (PBS) dé
tach thanh hai song c¢6 phan cuc ngang (X) va phan
cuc dung (). Tai mdi khi OFDM, dit liéu dugc &nh
xa vao ki hiéu PSK hoiac M-QAM (Quadrature
Amplitude Modulation), cac ki hi¢u nay sau do duoc
blen d6i thanh N ludng song song bai bo bién doi ndi
tiép sang song song. Tai mdi nhanh, cac ki hiéu
OFDM véi d6 dai Tos dugc mang boi mot song mang
con khéc nhau. Tin higu OFDM dugc thém tién t5 chu
ky (Cyclic Prefix - CP) vao truéc khi dugc diéu ché
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ll. PHAN TiCH HIEU NANG CUA HE THONG

Trong phan nay, hiéu ning cua hé théng s& duoc
phén tich tai bo thu (hinh 2). Trudc tién, chling t6i tinh
toan ti so tin hiéu trén tap &m va méo (SNDR) cua hé
thong. Tiép theo, dung luong kénh cua hé thng s&
duoc tinh dyua trén SNDR.

A. Tisé tin hiéu trén tap &m SNR
Trong kién triic dé xuat nhu trong hinh 2, song

mang quang tir LD dugc mé ta baoi
E(t) = Eexp j(ot + D), (1
trong d6,E , @, va ® tuong Gng 1a bién d(f),’tz;m $0
goéc, va pha cuoa tin hiéu tr LD. Gia thiét rang
E=./P , trong d6 P, la cong suat cua laser. Séng
mang quang d6 duogc tach bigt thanh hai song phan

cuc, co cong suat tin hi¢u trén mol cuc chi bang mot
nira S0 VGi cong sut tin hiéu ban dau, nhu sau:

E, ()= E exp j(ot +dy), 2)
P .
E,(t)= \/%exp j(ot+d,). 3)

Hai tin hiéu OFDM c6 thé duoc biéu dién béi
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N-1
S,(t) = D X1 €XPLi(@, + e 1,0 < T, (4)
n=0

N-1
S,(t) = Xy XPLJ(@, + @4 MO LT, (5)
n=0

trong do, N 1a s séng mang, o, la tan s goc cua
song mang con thit n va T, la chu ky ky hiéu. X 1a
ky hiéu sb liéu phuc trong séng mang thi n cua ky
hiéu S,(t) . X,, 1a ky hiéu s lidu phuc trong song
mang thi n cua ky hiéu S,(t) . @ la tin sb song
mang v tuyén.

Hai tin hiéu S,(t) va S, (t) duoc didu ché véi hai
song mang quang E, (t) va E,(t) twong ung, tai hai bo

diéu ché MZMs. Céc tin hiéu sau hai bd diéu ché
MZM cé dang

EF(t)= \/% cos(wt)[1+mS, (t)], (6)
ES(t) = \/% cos(wt)[1+mS, (t)], (7

trong d6, m 1a chi s6 didu ché cua bo didu ché MZM.
Sau do, hai tin hiéu nay dugc ghép phan cyc tai PBC
va dugc truyén trén soi quang dua dén tram gbc BS
hay khéi anten dau xa RAU. Tai RAU, tin hi¢u dugc
tach thanh hai song phan cuc khac nhau bang cach st
dung bd PBS. Vi gia thiét rang chi xét dén suy hao
soi quang ma bo qua cac anh hudng khac cua soi
quang nhu tan sic, tinh phi tuyén soi quang (do
khoang cach soi quang ngin), tin hiéu trén mdi nhanh
sau khi qua bg PBS tai RAU c6 dang [12]

E® = \/% cos(awt)[L+mS, (t)], (8)
BS P
E,S = \/; cos(at)[1+mS, (t)], ©)

trong do, P. 1 cOng suit quang nhan duoc tai RAU.
Trong truong hgp nay, P. = P, exp(—al) , trong dé
a'1a hé s6 suy hao soi quang, L 1a do dai s¢i quang
gitta CS va RAU. Do vy, cac tin hi¢u dugc tach song
bdi cac PDs c6 dang [12]

=0

R 5 L cos’ (wt) [1+mS (t)] (10)

P | 1+cos(2awt) 202
:m?[%}[u 2ms, (t) + m?S2 (1) ],

o Pr | 1+cos(2at) 202
|2(t)=nE[Ta’}[1+2msz(t)+m sz ].(11)

trong do6, R 1a dap Gmg ciia PD.

Tu cong thirc (10) va (11), phan tin hiéu mong
mubn ¢6 thé duge tach ra bing cach su dung bd loc
thong dai. Do do, dong tin hi¢u truyén di c6 thé dugc
viét thanh [11]
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! Pr 202
Il(t):mZ[ZmSI(t)er SHOJE (12)

' Pr 22
Iz(t)=£RZ[2mSZ(t)+m s:(t)]. (13)

Sau do, cdc tin hi¢u nay dugc khuéch dai va duoc
dua dén hai anten tuong Ung dé birc xa ra kénh vo
tuyén dé truyén dén phia thu. Hai tin hiu tai hai anten
phat dugc mo ta nhu sau:

15 (¢ J_[zms ®)+m’SsZ ()], (14)
|§S(t>=iﬁRF[stzaanSf(w]- (15)

trong d6, G, 1a hé sb khuéch dai cua by khuéch dai
PA.

Trong md hinh dé xuit, céac tin hiéu dugc truyén
trén kénh vo tuyen MIMO 2x2. Gia thiét tin hi¢u qua

kénh vo tuyén chi chiu suy hao do khéng khi cho lién
két thing duoc tinh nhu sau (theo dB):

4rzdf
C b

P = 20Iogm[ (16)
trong do, d 1a khoang céch lién két vo tuyén, f.. 1a tan
s6 song mang v tuyén & bang tan milimet, va ¢ 1a van
toc anh sang trong chan khéng.

Céc tin hiéu nhan dwoc tai dau vao bg thu dugc
dua dén bo khuech dai tap &m thap LNA, sau d6 duoc
tron vai tan sé tir bo dao dong noi dé khdi phuc tin
hiéu ban dau.

Bén canh do, trong mdi nhanh thu, mat do phd
cong Suét tap am cua h¢ théng d& xuét (hinh 2) bao
gom cac nguon tap am nhu tap am cuong do twong doi
(RIN tir LD, tap am nhiét va tap am n6 tir PD. Do do,
tong cong suét tap &m tai bo thu co thé dugc md ta nhu
sau:

oN =0+ i(GRIN +Gshot) (17)

trong do6, thanh phan o2, 12 tap Am cudng do twong
@i tir LD. Thanh phan tiép theo o7 = 4KTB, /R, la
mat d6 phd cong suét cua tap &m nhiét; K 1a hing sb
Boltzmann, T la nhiét d6 Kelvin va R, 1a dién tro tai.
Thanh phan cubi cung, o2, _2q(iRP +1,)B, 1a mat

d6 phd cong suat cua tap am nd, trong d6, 1, 1a dong
t6i, q 1a dién tich electron.

Do d6, ti sb SNR duoc tinh nhu sau:

SNR — h — (mg‘]{Pr)zo-zGAGLNARL (18)

P, 40§.PL.NFLNA.KTBH.NFRX ’
trong d6, G, 12 hé s6 khuéch dai ciia LNA, NF,, 1a
hé s6 tap &m cua bo khuéch dai LNA, KTBn 14 tap am
nhiét tai b thu tin hiéu RF, NFg, 1a h¢ s tap am tai
anten thu, va o la cong suét tin hiéu OFDM.
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B. Tisé tin hiéu trén méo SDR

Gia str rang tin hiéu OFDM c6 phan bé gan véi
phan bo Gauss vé mit bién do [13] do tin hi¢u OFDM
bao gom rat nhiéu tin hi¢u phan b gidng nhau va doc
1ap nhau. Sau bg loc, méo ciing c6 phan bd Gauss. Vi
vay, pho cuia méo va tin hiéu OFDM c6 phan b xap xi
hinh chir nhat. Gia sir rang hai tin hiéu OFDM chiu
anh huong cia méo 1a nhu nhau trén hai nhanh, do do
chdng téi chi di phén tich anh huéng cia méo Ién tin
hiéu OFDM S (t)

Dang méo pho bién nhat la cac dang hai, trong do
cac thanh phan hai xuat hién tai cac diém boi sb

nguyén cua tan s6 dau vao [13]. Trong bai bao nay, hai
bac hai dugc xem xét. DI voi hai bac hai

y(t)=S7(t) ham tu twong quan R (r) =R (7) c6
thé dugc tinh nhu sau [14]:

R.(z)=0"+2R?(7), (19)

trong do, R () la ham ty twong quan cua tin
hiéuS, (t), o la cong suét cua pho tin hiéu OFDM
S, (t) ban dauvsi f,—-B<|f|<f,+B.
Mat do pho cong suat PSD 1a bién doi Fourier cua
ham ty twong quan va c6 thé biéu dién nhu sau:
S, (1)=FR. () o0
= F(o*)+2S, ()*S, ().

Gia st rang tinh ph| tuyén cua hé thong dugc phan
b bai chudi Taylor va chi hai bac hai dwoc xét dén.

Tin hi¢u sau PD phuy thudc vao tin hiégu OFDM S, (t)
ban dau cd thé dugc biéu dién nhu sau

(t)=f[s(t)]=aS,(t)

Mat do phd cong suat méo khong tuong quan Vi
tin hiéu OFDM duoc biéu dién nhu sau:

(t)+a,S7(t). (1)

4
o
SSZ ( f):a4a22§(f)+@a22[28

(22)
Hay
0_4
Ssz(f):a4a225(f)+ﬁa22 257 a22|f + fo
|f+f|<2B, (23)

trong do, J(f) 1a ham Dirac Delta, B 1a bang thong cua
tin hiéu OFDM.

T mat do phd cong suat méo trong cong thic
(23), cbng suat méo dugc tinh nhu sau

B 4
P, = 2](0 3,25(2) + — 157 a,’ —G—azzzjdz
° (24)

=—oc'a} ,
8 2

trong do, Z:|fif0| va dz =df .
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Theo cong thic (12), cong suét tin higu OFDM sau
PD la a” o® = (RmP,)’c”, nén ti s6 SDR duogc tinh

nhu sau:
2_2 2
SDR:E:lgia )
P §a2264 19a,°c

So sanh cbng thic (25) vai (12), ta co:

a =RPm/2,
26
:E*J%Prmz. (26)
4
2
Dodé,SDR= oo 32 @7
19a,0° 19m°c

Ti sb SDR trong cong thic (27) la ti s6 tin hiéu
trén tap am gay ra béi méo sau PD. Tuy nhién, do bo
qua anh huong cua lién két vo tuyen va tinh phi tuyén
cta cac thiét bi phia thu, nén ti s6 nay ciing chinh Ia ti
s SDR sau bo loc BPF tai phia thu.

C. Tisé SNDR
Ca méo va tap am déu anh huong dén hiéu ning hé
thong. Ti sb tin hiéu trén tap am va méo SNDR dugc
dinh nghia [15]:
1 1,1
SNDR SNR SDR'

(28)

Nhu vay, hiéu ning s& duoc t6i wu nho t6i wu hoa
c4c tham sé anh huong dén hé thong, vi du nhu chi s6
diéu ché m cua bo diéu ché MZM, hay dép ung R cua
PD.

D. Dung luwong kénh

Déi véi md hinh hé théng MIMO ¢6 2 anten phat
va 2 anten thu nhu dé xuét (hinh 2), kénh vo tuyén c6
thé duoc md hinh héa bsi ma tran ngau nhién H co
kich thudc 2x2, va tin hiéu thu s& phu thugc vao tin
hiéu phat va ma tran H nhu sau [16]:

y= /%Hx+n, 29)

trong do, n la vector tap &m, Ex 1a nang lugng cua tin
hi¢u phat. Ma tran H co phan chia gia tri don (SVD)
duoc biéu dien bai [16]:

H=UDV", (30)
trong d6, U va V la hai ma tran don nhit (UU"=1y, va
VVH=1y) c6 kich thuéc 2x2. ()H 1a chuyén vi
Hermitian. D 1a ma tran duong chéo kich thudc 2x2,
c¢6 duong chéo 1a cac sé thuc khdng am, cac phan tir
con lai bang 0. Tir 4o, ta co:

HH" =UDD"U" =QAQ", 31)

trong d6, Q=U va QQ" =1, (ma tran don vi c6 kich
thuac 2x2). A la ma tran duong chéo vai gia tri ¢ cac
duong chéo la 4, (véi i=1,2).
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Trong bai bao nay, ching tdi chi xét dung lugng
kénh ciia h¢ thong trong truong hop khong biét trang
thai kénh, dung lugng kénh khi d6 dugc tinh theo cong
thure [16]

:|og2det(|N,+NlHH”)

t

= log, det(l,, +NLQAQ“)
‘ 32)
= log, det(l, +NLA)

t

_ZIogz(1+ ﬂ,)

trong do, r Ia hang cua ma tran H c¢6 kich thudc

N, xN,, Iy, 12 ma tran don vi c6 kich thudc N, .
y:i: Eo B, _ SNDRE, , V6i E, la tong ning
NO I:’N S

luong phat, B, 1a bing tan tap &m hiéu dung, va R, 1a
téc do ky hiéu.

Tuy nhién, cac kénh MIMO thuong la ngau nhién,
nén H la ma tran ngau nhién va dung lugng kénh ciing
bién thién theo thoi gian. Nhu vay, dung lugng kénh
s& dugc tinh la gia tri trung binh cua cac truong hop
d6. Gia thiet kénh ngau nhién la qua trinh Ergodic,
dung lugng kénh caa hé thong phu thudéc vao ti so

SNR nhu sau:
_ Y H
C= E{Iog{det[lNr +N— HH J:I}
t

(33)
= E{Iog2 [det[lN +1Aﬂ},
r NI

trong do, E 1a ky vong dugc thuc hi¢n theo phan bd
cua ma tran kénh ngau nhién H.

IV. CAC KET QUA TINH TOAN SO VA NHAN

XET

Trong phan nay, dua trén cac phan tich ¢ phan 3,
dung luong kénh cua hé thong dugc phan tich nhu
ham cua cong suat phét, chi s6 diéu ché cua bo diéu
che MZM, va su tuong quan gitra cac anten. Cac tham
sd va gia tri cac tham sb sir dung trong cac phan tich
duoc dua ra trong bang 1.

Trude tién, dung lugng kénh cua hé thbng MMW
RoF sir dung MIMO dugc danh gia phu thuéc vao
cong suat dau ra laser, cho ca hai truong hop ¢6 anh
huong caa méo va khéng ¢6 anh huéng ciia méo nhur
minh hea trong hinh 3. Dung lugng kénh cling dugc
tinh toan véi truong hop sir dung kénh MIMO va kénh
SISO (mot anten phat, mét anten thu) Trong tmong
hop khong xét dén anh huong cua méo (nghla la chi co
tap am dugc xét dén), dung lugng kénh co thé dugc
cai thién bang cach tang cong sut phét hoic sir dung
MIMO. Tuy nhién, meo s¢ lam glam dung luong kénh
khi cOng suat tang lén mot mirc nao d6, tham chi khi
cong suat ting, méo lam cho dung lugng kénh cua
kénh MIMO con nho hon dung lugng kénh caa kénh
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SISO. Do vay, khao sat anh huong cia méo dén dung
lugng kénh ciing 13 van dé can xem xét.

30
—©— SISO without Distortion
SISO with Distortion
251 —©— MIMO without Distortion
MIMO with Distortion /’}
20
N
I /
172}
o e((
=)
> 15 D
8
&
© 10 —
- rg’”
5
-5 0 5 10 15 20

Transmit power (dBm)

Hinh 1: Dung lwgng kénh phu thugc vao cong
suat phat
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Hinh 2: Dung lwong kénh phu thuc vao chi
soO diéu ché

Tiép theo, dung luong kénh cua he thong duoc
xem xét dudi sy dnh huong cua chi sb didu ché vai ca
hai trudng hop c6 xét dén méo va khong xét dén méo.
Nhu dugc chi ra trong hinh 4, dbi véi truong hop
khong xét dén anh hudéng cua méo, dung lugng kénh
tang 1én khi chi s diéu ché ting 1én cho ca hai kénh
MIMO va SISO. Tuy nhién, khi xét dén anh huong
cua méo, dung lugng kénh glam di khi chi s6 diéu ché
vuot qua gla tri to1 uu cua nd. Do vy, co the lya chon
duoc cac gia tri tdi uu cho chi s6 diéu ché dé dat dugc
dung lugng kénh t6i da hay Iam cho anh huong cua
méo 1 nho nhét. Khi chi sb diéu ché lon hon gid tri téi
uu d6, anh huong cia méo s&€ 16n hon rat nhiéu so voi
anh hudng caa tap &m va do d6 dung luong kénh giam
di nhanh.

BANG 1. THAM SO HE THONG VA HANG SO
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CAI THIEN HIEU NANG HE THONG MMW RoF SU DUNG GHEP KENH PHAN CUC KET HQP MIMO

Tén h'fgu Gid tri
Hé s6 suy hao soi quang o 0.2 dB/km
Khoang cach gitra CS va BS L 20 km
Dién tro tai R 50Q
Do nhay cia PD R 0.6 A/W
Khoang céch vo tuyén d 100 m
Téc d6 ky higu Ry 1e8 bps
Bing tén tap am hiéu dung Bn 100 MHz
Hé s6 khuéch dai PA Ga 10 dB
Hé sb khuéch dai LNA Gina 3dB
Hé s6 tap 4m may thu NFrx 10dB
Hé s tap am céc bo khuéch dai | NFtva 4dB
Hing s6 Boltzmann K 1.38e-23
i E=ryyrp—
medium correlation channel /
25 high correlation channel

without distortion

20 "/
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Hinh 5: Dung lwong kénh trong trirong hop
cac anten co6 trong quan

Cudbi cing, hinh 5 dua ra so sanh dung luong kénh
cua kénh MIMO khong twong quan, c6 tuong quan
trung binh, va co tuforng quan cao. Cac tham so cua
kénh twong quan nay duoc tham chiéu tir tai liéu ETSI
TS 136 101 [17]. Nhu chi ra trong hinh 5, dung Iuong
kénh bi glam xu0ng cho ca truong hop cé xét anh
huong cua méo va khdng xét anh huéng cia méo khi
cac anten phat va anten thu cé tuwong quan. Bac biét
trong truong hop kénh MIMO c¢6 tuong quan cao,
dung lugng hé thong glam khOang 5 bps/Hz cho ca hai
truong hop c¢d méo va khdng méo so voi truong hgp
kénh MIMO khong c6 tuong quan.

V. KET LUAN

Trong bai bao nay, ching t6i da dé xuat kién tric
duong xubng cho hé thong OFDM MMW-RoF sur
dung ghep kénh phan cuc két hop k¥ thuat MIMO cho
kénh vo tuyén va phan tich dung lugng kénh cua hé
thong dudi sy dnh huorng cua cac loai tap &m va méo
phi tuyén gay ra boi cac phan tir trong hé thong nay.
Két qua phan tich cho thay dung luorng kénh cua h¢
thdng phu thugc vao cong Sut phat va chi s6 d1eu ché
cua bo diéu ché MZM. Cong suat phét va chi s6 diéu
ché c6 gia tri 16n s& gitp lam giam anh huong cua cac
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loai tap am nhung lai lam dnh hudéng cia méo phi
tuyen I6n hon. Do do, gia tri cOng suét phat va chi s6
diéu che can duoc lya chon phu hop dé dat duoc hiéu
nang tot nhat. Sy phu thudc cua dung luong kénh vao
muc d6 twong quan cua kénh MIMO ciling dugc khao
sat trong bai bao nay.
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PERFORMANCE IMPROVEMENT OF MMW-
ROF SYSTEM USING POLARIZATION
DIVISION MULTIPLEXING AND MIMO

Abstract: In this paper, we propose a millimeter
wave radio over fiber system that improves the system
performance in terms of capacity by combining
Polarization division multiplexing (PDM) and Multi-
input Multi-Input (MIMO). Based on the proposed
model, the capacity of the system is analyzed under
the influence of noise sources and nonlinear distortion
caused by the elements in the system as well as the
influence of fading from radio link. The results of the
performance analysis show that the channel capacity
of the system can be significantly improved. However,
the transmitted power and modulation index
parameters need to be properly selected in order to
avoid the effect of nonlinear distortion which reduces
the capacity of the system.
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