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1
MO PAU

Mang di dong thé hé tiép theo, thé hé th nim (5G), s& dap (tng nhu cau phat trién
cac dich vu truy cap khong day bang rong toc do cao. Mot trong nhitng giai phap st dung
cho mang 5G la cdng nghé truyén dan RoF tdc d6 cao tai tan sé hang chuc GHz. Khi hé
thdng hoat dong & toc d6 cao va biang tan hang chuc GHz trong mang 5G thi cac méo phi
tuyén c6 anh hudng nghiém trong. Xuat phét tir dac diém wng dung caa RoF trong hé théng
mang di dong 5G em chon dé tai: “Anh hwéng phi tuyén caa truyén dan song vo tuyén
qua sei quang trong hé thdng 5G”. Noi dung nghién ciru cta luan van bao gdm 3 chuong:
Chwong 1: Tong quan va &ng dung cia ky thuat truyén séng vo tuyén qua sgi quang
(RoF). Nbi dung chuong nay s& tap trung gidi thiéu vé ki thuat truyén séng vo tuyén qua
soi quang (ROF), c&c thanh phan, ky thuat va dic diém cua hé thng RoF. Ung dung RoF
trong cac linh vuc nhu: Wireless LAN tbc d6 cao, RVC, mang di dong 5G...

Chwong 2: Phén tich dnh hwéng caa hiéu wng phi tuyén trong RoF. Chuong nay s&
nghién citu cac anh huéng cua cac tham so trong ca phan hé quang va phan hé vo tuyén Ién
hiéu ning hé thbng MMW-RoF. Pic biét, ddi véi hién twong phi tuyén khéng thé bo qua
dbi vai cac hé thong thong tin quang hoat dong & toc do bit 16n hon 10 Gbps.

Chwong 3: Panh gia anh hwong phi tuyén cia truyén din song vo tuyén qua sei quang
trong hé théng 5G. Trong chuong nay, sé& tién hanh phan tich nghién ctu duong 18n cua
cac hé thong Tram gbc (BS), trong d6, mdi Thiét bi dau cudi di dong (MT) sir dung so d6
diéu ché don song mang theo mién tan s (SC-FDE). Sau d6 dua ra dé xuit thiét ké cac may
thu manh tan dung cac dic diém thong ké cuia méo phi tuyén.

Mic du di rat ¢ gang nhung do han ché vé mit kién thic thuc té ciing nhu chuyén
mon nén chac chan bai luan van cua em van khdng tranh khoi nhitng thiéu s6t. Em rat mong
nhan dugc nhitng y kién dong gop quy bau cua cac thay co dé bai luan van dugc hoan thién
hon nira.

Em xin chan thanh cam on!

Hoc vién

BACH THANH TUNG
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CHUONG 1: TONG QUAN VA UNG DUNG CUA KY THUAT TRUYEN SONG VO
TUYEN QUA SQI QUANG (RoF)

Noi dung chuong nay sé& tap trung gigi thiéu vé ky thuat truyén song vo tuyén qua soi
quang (RoF), c4c thanh phan, k¥ thut va dic diém cua hé théng RoF. Ung dung RoF trong
cac linh vuc nhu: Wireless LAN, mang thong tin giao thong (RVC), mang di dong 5G.

1.1. Giéi thidu

Bang céach sir dung c4c soi cap quang do tuyén tinh cao dé phan phdi tin hiéu RF tur
tram trung tdm toi cac diém truy cap, ki thuat truyén song vo tuyén qua soi quang cho phép
cac diém truy cap vo tuyén tro nén cuc ky don gian, vai cac thiét bi chuyén do6i quang dién
va bo khuyéch dai.

1.2.  Khai niém truyen song vo tuyén qua sei quang

Cong nghé truyén song vo tuyén qua soi quang sir dung dudng truyén soi quang dé
phan phéi cac tin hiéu tan s vo tuyén (RF) tir c4c vi tri tram dau cudi tap trung téi cac khoi
anten dau xa (RAUS).

Tram
= py

dau cudi

Khéi anten dau xa
RAU

Hinh 1. 1. Khai niém vé hé théng RoF
Mt trong nhitng tng dung cua RoF dugc mé ta nhu hinh 1.2, hé thong duoc st dung
dé phan phdi tin hiéu GSM. Tin hiéu RF duoc sir dung dé diéu bién truc tiép laser & tram
trung tam.

RF vao i i Anten
. ok i OP— *’ _'_CCD_,’_,_ t* —p—
(da diéu che) ! Soiquang !
13 um i i PIN PA
| |

RF ra
(d4 diéu ché) O **

Tram trung tam Tram géc

Hinh 1. 2. Hé théng quang-vo tuyén 900 MHz
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1.3. Céc thanh phan co ban caa tuyén quang sir dung RoF
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Hinh 1. 3. Cac thanh phan co ban trong kién tric RoF
1.4. Cac k¥ thuat sir dung trong RoF
1.4.1. Cong nghé RoF s dung ky thugt IM-DD
C6 2 cach dé diéu ché nguon sang: cach thir nhat 1a dé tin hiéu RF tryc tiép diéu ché
dong dién cua laser; cach thir hai 1a diéu khién laser & ché do song lién tuc va sau do sir
dung mot bo diéu ché ngoai nhu bo diéu ché Mach-Zehnder (MZM).

| lEt
R — y ! Mzl | |
Tin hiéu ! o aa ] 1
RF i *’ > Tin hiéu _ A ‘
| | RE K
Thién ap Thién ap
(@) (b)

Hinh 1. 4. Tgo tin hiéu RF bang diéu ché cuong dé (a. Cua Laser; b. Dung mét bg diéu
ché ngoai)
1.4.2. Cong nghé RoF si dung Ky thudt tach heterodyne ddu xa RHD
Trong khi chuyén d6i quang dién O/E, bo tach song quang ciing déng vai trd nhu 1a
mot bo tron do d6 né tré thanh mot phan tir chinh cau thanh hé thong RoF dung ki thuat
RHD.[2]

B& két hop
Tin higu thu (Optical) —
Chuyén doi
—_—> E— Q’Mﬂﬁgf‘d‘iﬁﬂ > Iin .Ih‘é!l O"f_él’i
oLo
Das déng néi Chudi bit

Hinh 1. 5. So' d6 khai kj thudt tach song hetorodyne
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Nguyén Ii tron két hop dwoc minh hoa nhu sau. Hai trudng quang c6 tan sé goc o, va
®2 duoc biéu dién:

E1 =Ep1 cos(w,t) (1.1)
Ez2 =Ep2 cos(w,t) (1.2)
Dong tach quang danh dinh 13: ipp= (E;+E,)? (1.3)

ipD = Eg1 E2 cosl(@] — @2 )t]+ Eg1 Eg2 cos[@] + @2 )t]+cac thanh phan khac (1.4)
Néu xét céc tin hiéu cong suat quang thay cho cac trudng quang thi dong tach quang
duogc tinh:
ipn=2R 4/ p, () P, (f].cus[{&}l (t)— @, {I}]{ + ¢, () — ¢, (f}]+ cac thanh phin khae (1.5)
Vi R la d6 nhay cua bo tach song quang, t la thoi gian, p, (t) va p, (t) la tin hi¢u hai
cong suat quang tic thoi twong (ng véi tan so tuc thoi o, (t) va o, (1), ¢ (t) va ¢, (t) la

cac pha tuc thoi cua tin hiéu.

|
Laser 'llL_“ S
FI f Rl

¢ Pho quang
*I A =

i ~Z
fy

X
\

&

¢

B loc quang
Hinh 1. 6. Nguyén ly trén két hop (coherent) quang duca trén laser diéu tan
1.4.3. Nhiéu
e Nhiéu pha

Ta co:
| (t) =1, +2R,/P.R, cos(¢, — ¢, ) cho homodyne (1.6)
| (t) =1, +2R,[P.P, cos(amt+e, — ¢, ) cho heterodyne (1.7)

o Mit phéi hop phin cuc
Trong céc bo tach séng quang truc tiép (nhu bing photodiode) di biét thi su phan
cuc cua tin hiéu quang khong dong vai tro gi bdi vi dong dién thu dugc phu thudéc vao
sb photon cua tia ti.
e Tdn sic
Ta d3 biét tan sic anh huong lén nhu thé nao dbi vai hé théng thdng tin quang va
duogc khic phuc bang nhiéu phuong phap.
1.4.4. Nhgn xét
Mic du k¥ thuat optical homodyne c6 rat nhiéu vu diém nhung do phai duy tri sy
ddng bo vé pha va tan sé. Biéu nay khdng cé lgi trong mang RoF nén ngudi ta khong sir



dung k§y thuat nay dé truyén dan séng mm.
1.5. Pic diém cia hé thong RoF
1.5.1. Nhétng wu diém cia cong nghé RoF
Suy hao thap
Bang thong rong
Khéng chiu dnh hwéng ciia nhiéu tan sé vo tuyén
Ldp dat va bdo dwing dé dang
Gidm cong sudt tiéu thu
Phan bé tai nguyén dong
1.5.2. Han ché cia cong nghé RoF

Tin hiéu bi anh huong boi nhidu va méo, day 1a han ché trong cac hé thdng théng
tin twong tu ciing nhu hé thdng RoF. Ngudn tap 4m trong dudng truyén soi quang tuong
ty bao gom tap am cuong do twong ddi cua laser (RIN), nhiéu pha laser, nhiéu né cua
bo tach séng quang, nhidu nhiét caa bo khuéch dai, tan sic cua soi.
1.6.  Ung dung cia truyén séng vo tuyén qua sei quang (RoF)
1.6.1. Ung dung RoF trong Wireless LAN bdang tin 60GHz

Ky thuat RoF dugc trng dung cho mang WLAN s¢€ la mot trong nhirng tng dung
hta hen nhat.
1.6.1.1. Kién tr(ic mang

Péi véi mang WLAN, do cau trdc mang can don gian, céc thiét bi gia thanh re
nén thudng mang st dung cac k¥ thuat cang don gian cang tét (hinh 1.7).
1.6.1.2. Chuyén giao

Nho su don gian va nhanh nén giao thirc duoc str dung trong mang WLAN, dé giam
bot su phuc tap cia cac MH. Ta sé tim hiéu mot vi du chuyén giao khi MH di chuyén tir BS
nay sang BS khac nhu hinh. Trong hinh 1.8 la vi du véi n = 5.

Tram trung tam (CS) Soi quang a
PSTN, Internet, TRX 2 BS 2
Céc CS khic == | Controller
H : /'/
], —
— - 1
il
TRX: B thu phat _-_.
LD:Laser Diode
E,_OM Bdé digu ché quang mé 5
ring -
PD: Bé tich quang
FF: Tan sd vo tuyen Em j
BES: Tram goc

Hinh 1. 7. Kién tric mang RoF cho WLAN
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Ung dung ky thuat RoF va mang WLAN hoat dong ¢ bing tin mm la mét trong
nhitng ng dung don gian cua k¥ thuat trén vao mang truy nhap vo tuyén.

Iy

Cell Xuéng

cii . $ ] Thii gian

Lén |
| Is
Cell Xudng e
méi gy |
*

Chuyén giao . Dfmg: ¥ ] Tx Ga.n khe Tx
-\‘hén:biét_ chuyén giao Request thd gian Uplink
chuyén giao

Downlinksiot ] receves  [] notreceives

uptinksiot [ ]
Hinh 1. 8. D¢ tré chuyén giao trong giao thizc chuyén giao ban co

1.6.2. RoF #ng dung trong magng thong tin giao thong

Hé théng RVC str dung ky thuat RoF duoc thé hién trong hinh 1.9, ¢ day mdi BS
duoc két néi lién tuc dén mot s6 luong BS théng qua soi quang, va mdi BS nay phuc vu cho
mang RVC véi tam phu song rong va cac dac tinh phil hop mang.

Dua vao hinh 1.10 ta thay cau tric BS rat don gian chi gdm mét PD, mot LD, mot
EOM va c6 thé cd mot bo khuéch tan sé RF. BS khéng thuc hién bat cir mot chirc nang xir
ly tin hiéu ndo, nd chi dong vai trd trung gian chuyén tai song RF giita BS va MH.
1.6.2.1. Hoat dong co ban trong mang

Gia sir CS duogc két ndi ¢én N BS nhu trong hinh 1.10, va s6 luong BS phua song
hoan toan con duong. N BS nay sé€ dugc chia lam S nhom (1 <S <N), trong d6 tap hop cac
BS trong mot nhém duge dit gan nhau, va tap hop cac ving pha séng cua nhom d6 dugc
goi la VCZ (vitual cellular zone).

Mang dwong truc
(PSTN., Internet)
Soi quang
e i .

Hinh 1. 9. Mang RVC dwa trén ky thugt RoF
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Tram trung tam (CS) Soi quang A

BS 1

TRX 1

0‘—t /‘/

PSTN. Internet, BS2

Céc CS khac 4= | Controller

H : 3

olmt BSN

TRX: Bé thu phat

LD: Laser Diode

EOM: Bé diéu ché quang m&
rong

PD: B§ tach quang

RF: Tan s6 v6 tuyen

BS: Tram goc

LD

dowinlink j
(D]
EOM]

Hinh 1. 10. Kién tric mang RVC dua trén kj thudt RoF.

Hinh 1.11 mé ta mot VCZ bao gom 3 cell va 3 frame duogc 4n dinh cho mdi cell trong mién
thoi gian nhu thé ndo khi sir dung cing mot kénh RF.

1.6.2.2. Hb tro tinh di dong - chuyén giao

Trong kién tric mang duoc phét hoa ¢ trén thi mang RVC sé& hd tro 3 kiéu chuyén giao:

e chuyén giao giita 2 BS thudc cung 1 VCZ (intra-VCZ handover)

e chuyén giao giita 2 BS thudc 2 VCZ ké nhau (inter-VCZ handover)

e chuyén giao giita 2 BS thudc su quan 1y ctia 2 CS khac nhau (inter-CS handover)

Siéu khung cé dinh

Khung 1) Khung 2 Khung 3 |
Cl:mg kenh 1 2 3
tan so e | P Thoi gian
Khoang
bao vé
Oe_ll 1 Cb_ll 2 Oe_ll 3
, =]
4 4 Ve
Vi %v il { V3

Ving chéng lan

Virtual Celhilar Zone (VCZ)
Hinh 1. 11. An dinh khung trong khi di chuyén.

1.6.3. RoF #ng dung trong mang 5G

Tiéu chuin 5G doi hoi hiéu qua phé cao, tbc do dir liéu cao va do trd ngén, do d6, mang
truyén dan ding trudc nhiéu thach thirc dé dap ung kha ning cung cip co s& ha ting dang
tin cdy. Cac hé théng vo tuyén qua soi quang (RoF) 1a cong nghé tién phong hira hen cho
cac mang 5G trong tuong lai.
1.6.3.1. M0 ta kién triic mang

Kién trac RoF duoc biéu thi trong Hinh 1.12.



Central Office Radio Remote Unit
DFB MEN
v — RF Out
palis =g
RFln |
! DFB :
7 (~’ Eﬁmtenna
H PD H i
s - Mz : PM
RF Out L L@ P— Ll
[epe J— AT e PGl fiver J

Hinh 1. 12. Kién tric RoF cho mang truyén tdi 5G
1.6.3.2. Hiéu suat cua lién két RoF PM-DD
Hinh 1.13 biéu dién d loi va mat do phd cong suét nhiéu caa cac lién két PM-DD va
IM-DD.

FMDD 00ps wewey
P00 Blps. el

PM-OD 55.6ps sttt

Gain (d8)

PUL-O0 10ps  weses
PULDD S0ps dads
PU-O0 35605 weeee

Malse pawer {dBmitz)
&

407 puoDaps s
IM-DD EXE R
50 T T T T 170 T T T T
[i] 3 10 15 i) 25 30 a 3 10 15 Z0 25 30
Frequency (GHz) Frequency (GHz)

(a) (b)
Hinh 1. 13. Lién két PM-DD va IM-DD (a) dé loi va (b) cong sudt nhiéu.[9]
Hinh 1.14 cho thdy cong suat dau ra lién két RoF cua tin hiéu co ban va k& bac ba so
véi cdng suat dau vao ¢ tan s6 5 GHz.

P Fundsmental nacoe ‘ Fundamental bo6ce -
G 3rd Order Product sy > %1 3rd Order Product guveee B
—_ Noise floor R 5 ‘ — - Noise fioor oo 7
E| *1 ‘ g
- | 3] /Q\N\
et = | ag]
a5
] P | 3}
& “0— v ‘ & s /
3 e— 3| ¥4 e
21y >
2 SFDR | / | 84 .
S|™ y - ‘ 8
ol v ~?- .- PN
108 ‘ wos-1 ‘/.—0/ g
42«7-v--v,wm-.‘-,..”,n-,.,m.,m.,..,.,m.,”.,l UL A ————
4 @0 0 -2 10 0 10 20 0 an 0 0 40 -0 20 -1 o0 A N W =0
input Power {dBm} input Power {dBm)

@ ®)
Hinh 1. 14. Ddi déng cia lién két () IM-DD va (b) PM-DD (z = 100 ps) véi fae = 5
GHz.[9]
1.6.3.3.  Truyén dan tin hiéu F-OFDM qua lién két PM-DD

suh.hal..i-l Mapping H FFTL I—|-| PI':MFF::I I—-l Filer 1 Fifter] Hr:r:.i H FFT1 Huﬁlqlun }ﬂh’-hiﬂdl
suh.hanﬁ'l Magping H i I_'| ] Filte 3 e e i I_'lr;:m m Hmm]ﬂgmdz

Hinh 1. 15. So' d6 diéu chélgidi diéu ché F-OFDM
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Hé thdng vé tuyén qua cép quang dua trén ky thuat IM-DD cho dudng xubng va ky
thuat PM-DD cho dudng 1én dugce dé xuit cho viéc truyén tin hiéu khdng day 5G. [9]
1.7. Két luan chwong 1

Trong chuwong ndy di trinh bai cac khai niém, thanh phan co ban va cac ky thuat
truyén séng vo tuyén qua soi quang. Tim hiéu céc Gng dung cua RoF trong mang LAN
khong day, mang thong tin giao trong (RVC), mang vo tuyén té bao. Bdng thoi chuong nay
cling trinh bay vé RoF tng dung cho mang 5G trong twong lai sir dung cac k¥ thuat IM-DD
va PM-DD.
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CHUONG 2: PHAN TiCH ANH HUONG CUA HIEU UNG PHI TUYEN TRONG
RoF

Chuong nay s& nghién ciru cac anh huéng cua cac tham sé trong ca phan hé quang va
phan hé vo tuyén Ién hiéu nang hé théng MMW-RoF.
2.1. Giai thiéu

Hé théng MMW-RoF 1a mét hé théng truyén théng lai ghép giira thdng tin soi quang

va thong tin v tuyén, do vay nd chiu anh huéng cua ca hai méi truong nay.
2.2. Cac tham s6 b thu phat
2.2.1. Céac ngudn nhiéu

Suy hao
CO Fading

Nhicu nhiét BS ¢ { 513 o
R>EoM}»—D |I> >@—TW o
B¢ khuéch dai

Dir liéu

Dir liéu
~ - Q © EEOM|<-—\]
Suy hao
Nhidat¥ID Tinh phi tuyén e wi  NbifutxLD
Nhidu nhiét va nd tir PD cia bo diéu TERBENTN ks v wb U PD
Nhiéu tir cac bg KD che ngoai, cia Nhiéu tir céc bd KD

laser
Hinh 2. 1.CAc yéu té dnh huéng dén hiéu nang hé thong MMW-RoF
Cong suat nhidu RIN duoc tinh nhu sau:
i = (RIN s + RIN . ).12,.B,

= KRlN-Iazv-B

Lasers

(2.1)

n

trong d6 RIN la nhidu cudng d6 twong ddi tir cac laser, RIN . 1a nhidu bién d6i tur

Lasers ? phase

nhiéu pha sang nhiéu cuong do, 1., 1a dong quang dién trung binh va B, 1a bang tan nhiéu
hiéu dung cua bo thu. K, 1a gia tri phu thudc vao thiét bi, duoc tinh bang dB/Hz (thuong
nhan gia tri khoang -150dB/Hz).

Cong suat nhidu no dugc xac dinh boi: o2, =2ql,,B, (2.2)

trong do, q la dién tich electron.

Vi dong t6i (14) cling tao ra nhidu nd, nén nhidu no tong sé duoc tinh nhu sau:

Gszhort :Zq(lav+ Id)Bn (23)
Cong suat nhidu nhiét dugc mo ta boi cong thuc sau:
o-ti =4K,TB, /R, (2.4)

trong d6, B, 1a hang s6 Boltzmann, T 1a nhiét do Kelvin va R_1a dién tro tai tai du ra PD.
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2.2.2. Méo phi tuyén

Méo phi tuyén gay ra bai bo thu phét trong hé théng MMW-RoF bao gém méo phi
tuyén gay ra bai ngudn quang trong diéu ché truc tiép, méo phi tuyén gay ra bai bo diéu ché
ngoai (MZM) va méo phi tuyén gay ra bai bo tach séng quang.
2.2.3. Cac tham sb khéc
Cac tham s6 khac anh huong dén chét lugng hé thong va da duoc khao sat trong luan vin
gom chi sé diéu ché cua bo diéu ché MZM va hé s6 khuéch dai cua bo thu APD.
2.3. Céc tham sé cia kénh quang

Khi séng vo tuyén duoc truyén trén soi quang, nd ciing s& chiu cac anh huong cua
soi quang nhu suy hao, tan sic, hay cac hiéu (ng phi tuyén. Suy hao soi quang
Néu P(0) la cdng suat quang di vao trong soi (tai y = 0) thi cong suat P(y) tai khoang céch y
s& giam xuéng con: P(y)="P(0)exp(-ay) (2.5)
trong d6, « 1a hé sé suy hao cua soi quang c6 don vi 1a dB/km, thudng c6 gia trj 12 0,2
dB/km.
2.3.1. T4n sic soi quang

Déi vai cac hé théng MMW-ROoF, cac soi quang don mode thudng dugc sir dung. Do
do, loai tan sic anh hudng dén hiéu ning hé théng 1a tan sic sic thé (tan sic van tbc nhom).
Anh huéng cua tan sic nay dén hiéu niang hé thong con phu thude vao cac so d6 tach song
cua hé thdng, gom so db tach song truc tiép (Direct Detection - DD) va tron séng (tao
phéach) tir xa (remote heterodyne detection - RHD).

a. Anh hwéng cia tan sdc trong md hinh s dung tach song truc tiép DD
M6 hinh h¢ théng IM-DD duoc mé ta nhu trong hinh 2.2

Tén séc soi quang

1
x(1) {I ) - Xl

E/O-IM = OfE-DD [

~

Yul 1) Yoult)
—»! H{f) —m=

M6 hinh kénh quang
Hinh 2. 2. Hé théng IM-DD
Pé danh gia sy suy giam hiéu ning do tan sic soi quang, soi quang dugc mé hinh
héa nhu mét bo loc thong dai (nhu trong hinh 2.1) c¢6 ham truyén dat H(f) va dusi anh
hudng cua tan sic, su suy giam ti sé6 C/N (AC/ N ) duoc tinh nhu sau:
Xc;ut ( fmm)
Xout ( fmm)

2

AC /N =10log (2.6)
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trong d6 X, ( f.. ) 12 €ONg suat tin hi¢u nhan duoc khi khong tinh dén anh huong cia
tan sic soi quang, X, (f,,)!a cong suét tin hi¢u nhan dugc khi tinh dén anh huong cia tan
sac soi quang va f__la tan s song milimet.
b. Anh hwéng cia tan sic dén md hinh tach song tao phach tir xa
Tong sai khéc tré truyén dan duoc tinh nhu sau:
At =(Arpath +Ardisp) (2.7)

Sy sai khac nay tao ra su khong tuong quan vé pha mot phan hay toan phan nhu chi

fi Twong quan t6t
At=0

Tuyen dwémg
khong can bang

ra trong hinh 2.3.

Khong twong
quan hoan toan
AT=00
2Av,

Hinh 2. 3. Nguyén Iy cuiia hé thang MMW-RoF si dung tach séng tao phach tir xa
Thanh phan tré sai khac gay ra do tan sac duoc biéu dién bang biéu thic:
/12
Az—disp = DL? fmm (28)
Phan tré sai khac do hai tin hiéu quang duoc di trén hai tuyén duong khac nhau truéc
khi dugc ghép chung trén mot soi quang, dugc xac dinh boi:
AL__..N
Az-path =% [;:th

12 s sai khac tuyén dudng va n 12 chi sé chiét suat cua vat liéu. Tong tré s&

(2.9)

trong do, AL

path
gay ra nhidu pha Ién tin hiéu milimet, ¢4 cong suit nhu sau:
B
) 2Av,
o = | —==31—-cos(2z f A7) df
CD _([ 72_1:2 { ( )}

voi B <X (2.10)
T
~ 27Av, B, (AT)2

A

trong d6, Av_ 1a d6 rong pho toan phan tai nira cuc dai ciia laser. Ngoai ra, tré sai khac nay

con gay ra su suy giam vé hiéu ning (ti s6 C/N), duoc xac dinh nhu sau:

AC/N =10log (2.11)

exp(—27A0, A7)
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2.4. Céc tham s6 kénh vé tuyén
2.4.1. Fading pham vi rong va suy hao trong kénh vé tuyén
Fading pham vi rong chinh 1a sy bién thién vé bién d6 trung binh hay c6ng suét trung
binh caa tin hiéu nhan dugc khi moi truong truyén dan 1a kénh da duong. P, duogc xac dinh
boi:
Flice) = Poqotm) *+ Crgasi] + Croqasi) ~ Frogosn (2.12)
trong d6, P. la cdng suat phat tai anten phat cd hé sé khuéch dai G,,, P, la cong suat thu
duoc tai anten thu ¢ hé sé khuéch dai G, . Do d6, cong suét tin hiéu nhan duge duoc tinh
theo cong thuec:
Proqéam) =nfoam] *Crogeei) * Cremi) ~ Py (2.13)
Tong suy hao trong kénh truyén song MMW dugc tinh boi:

P =P,+P,+P

=20 IOQ%-‘F (Vox + Vaw + Vrain ) @ (2.14)
C
trong d6 P, la suy hao khdng gian tuy do, P, 1a suy hao do su hap thu caa khi quyén bao

gom sy hap thu cta oxy, P, hoi nuéc va la suy hao do mua. Tiép theo, d la khoang cach vo

tuyén, f_ Iatan so6 song mang MMW, c la téc do anh sang trong chan khong va 7., 7.,
7. 1a cac hé s6 suy hao gay ra boi phan tir oxy, hoi nuée va do mura.
Hé sb hap thu cta oxy duoc xac dinh theo cong thuc:

15,1—0,104><(f —60) 60< f <63
oo T ) {11, 35+ (f —63)°" ~5,33x( f —63)" 63< f <66

3,26

(2.15)

Hé s6 suy hao do hap thu cua hoi nudc tai nhiét do bé mat 20°C, tin s6 nhé hon hoic bang
350GHz duoc xac dinh nhu sau:

2,4 L 138 4,4
(f-22,3)°+6,6 (f-1835)°+5 (f-3238)°+10 (2.16)

Yw[deikm] = {O' 067 +

xf2xp,, x10™
trong do, p,, 1a mat 6 hoi nuéc, tinh bang g/m°.
V6i d6 4m 42% tai 20°C, mat d6 hoi nuéc bang 7,5 g/m?. Khi d6 hé s6 hip thu cua hoi
nu6C tai tan 6 60GHZ bang 7,45/ =0,1869.
Va suy hao do hap thu cua céc phan tu khi:
Py = (Yox + 7 )d (2.17)
Khi kénh v6 tuyén chiu anh huéng ctia mua, tin hiéu s& bi suy hao duéi tac dong cua cac hat
mua va phy thudc vao tdc do mua khac nhau nhu trong bang 2.1
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Bang 2. 1.Hé s6 suy hao do mua.

Hé s6 suy hao do mwa (dB/km) Téc dp muwa (mm/h)
tai cac tan so 25 50
60 GHz 10,1 17,9
63 GHz 10,4 18,2
66 GHz 10,6 18,5

2.4.2. Fading pham vi hep
Trong kénh fading nay, ti s6 SNR tac thoi trén bit () 1a bién ngau nhién vai ham
phan b xé4c suat (PDF), P.(7), dugc xac dinh nhu sau:
Py(y):ieXp[_zJ,yzo (2.18)
v Y
trong do, y ti s SNR trung binh trén bit.
Phan b xac suat cua kénh fading nay nhu sau:

Py(V)ZMexp(—ij |0(2 MJ (2.19)

4 4 e
trong do6, K 1a hé sé Rice, I, 1a ham Bessel sira d6i bac 0 loai 1.
2.5.  Hiéu &ng phi tuyén sei quang
2.5.1. Nguyén nhan gay ra hiéu tng phi tuyén trong soi quang
Nguyén nhan l1a do 2 yéu té:
Thee nhdt 1a sw phu thugc ciia chi sé chiét sudt n vao cong sudt anh sang:

n=ngy+n, A:;f (2.20)

1.47006

1.47005

1.47004

1.47003

1.47002

1.47001

1.47000

0 10 20 30 40 50 6{} 70 B0 90 100 110 120
Cdng suit quang

Hinh 2. 4. Sir phu thugc cua chiét sudt sei silic vao céng suat quang
Thir hai 1a do hién tweng tan xa kich thich nhw: SRS, SBS.
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Hiéu tmg phi tuyén trong soi quang

|
l |

Hiéu ting chi s6 khiic Hiéu tng
xa phi tuyén tan xa kich thich

l 1
[T |

SPM CPM FWM SRS SBS

Hinh 2. 5. Hiéu s#ng phi tuyén trong sei quang
2.5.2. Hiéu tng lién quan dén chi sé khc xa phi tuyén
Hiéu rng tw diéu pha (SPM - Self - Phase Modulation)

ﬂ ﬂ Xung da phat

Sur dich Xung bi rml[ réng
xung khi lan truyén

_/\_\f"_--_/\_\/_ Tén so

Chirp tan so

Hinh 2. 6. Hién tirong mé réng phé cua xung do SPM.
Diéu ché chéo pha (XPM - Cross - Phase Modulation)
Hiéu #ng trgn 4 song (FWM: Four - wave mixing)

0

Tén she sgi
Opsinmkm

-10

=20

Tan sic sgl
Ips/mmkm "

Hiéu
nang 230
tron

-50

000 025 050 075 100 125 1.50 1.7 200 225 250

Khoéng céch kénh (am)
Hinh 2. 7. Hiéu #ng vai cac murc khoang cach khac nhau theo khodng cach kénh

2.5.3. Hiéu tng lién quan téi tn xa kich thich

Téan xa kich thich Ranman (SRS - Stimulated Raman - Scattering)

Tan xg kich thich Brillouin (SBS - Stimulated Brillouin - Scattering)
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s giam
cong sudt
thu duge

Cong sy tang Cimng
swdt tan xa sudt

quang quang
thu tin xa
duge nguge

ngudng SBS

Céng suft diu ra b phét quang
Hinh 2. 8. Sir tdng dnh sang tdn xa nguwoc khi ¢éng sudt quan tang.
2.5.4. So sanh cac hiéu tng phi tuyén trong soi quang
Cac hiéu ung phi tuyén khéac nhau dua trén hiéu tmg Kerr duoc so sanh trong Bang 2.1.
Bang 2. 2. So sanh hiéu ing khic xa phi tuyén.

Hién tugng SPM CPM FWM
phi tuyén
Pic trung
Toc do bit Phu thuoc Phu thuoc baoc lap
Nguon Nhay cam phi tuyén | Nhay cam phi tuyén | Nhay cam phi tuyén
x® X® x®
Hiéu ung X® Dich pha do xung Dich pha do tin hiéu | Tao ra séng moéi
cuing truyén lan
Dang mé rong Dbi xting C6 thé doi xang
Chuyén d6i nang | Khong Khéng Khong

luong gitra phuong
tién va xung quang

Khoang céch kénh Khéng anh huong Téang khi giam khoang | Tang khi giam khoang
cach cach

2.6.  Két luan chuong 2

Hé théng MMW-RoF 13 mot hé théng truyén théng lai ghép gitra thdng tin soi quang
va thdng tin vo tuyén, do vay no chiu anh hudéng cia ca hai méi trudng nay. Hiéu ning cua
hé thong MMW-RoF bi suy giam do anh huéng cua cac ngudn nhidu va phi tuyén do lién
két truyén dan quang gay ra. Ngoai ra, hiéu ning caa hé théng nay con chiu tac dong cua
moi trudong vo tuyén nhu suy hao va fading.

Tat ca cac hiéu tng nay déu c6 nhitg vu khuyét diém riéng, yéu cau ngudi thiét ké
hé théng phai y thitc dugc didu nay dé c6 thé dua ra cac phuong phap tdi wu dé giam thiéu
anh huong cua hiéu ang phi tuyén.
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CHUONG 3: PANH GIA ANH HUONG PHI TUYEN CUA TRUYEN DAN SONG
vO TUYEN QUA SOI QUANG TRONG HE THONG 5G

Trong chuong nay, s& tién hanh phan tich nghién ciru duong 18n cua cac hé thong
Tram gdc (BS), trong d6, mbi Thiét bi dau cudi di dong (MT) sir dung so d6 diéu ché don
s6ng mang theo tan sé mién (SC-FDE). Sau d6 dua ra dé xuat thiét ké cac may thu manh tan
dung cac dic diém thdng ké ciaa méo phi tuyén.
3.1. Giéi thigu

O day, nguoi nghién ciu s& dua ra mot thiét ké cac may thu manh hiéu qua cé thé
dap tng cho dic tinh phoé caa bién dang phi tuyén tao ra bai qua trinh chuyén doi dién va
quang.
3.2. Pic diém hé thong

Hé thdng nay duoc trinh bay trong hinh 3.1.

Base Station
‘ %\mm-u ave bands
4
‘ g Customer

B -

ot >)=i N

]
NG
[N~ Customer

oon |\ m \gx\
I iCustomer

Hinh 3. 1. So d6 hé thong RoF song milimet dién hinh
Hinh 3.2 cho thay kién tric vé hé thbng OFDM MMW-ROoF.

OFDM data

(1)
1 5,(0)

|
1
I
]
l
l [oc >f vzm
|
|
I
]

1,(7)

Hinh 3. 2. Biéu dién kién trdc cua hé thbng OFDM MMW-RoF. CS, BS, OF, OC, MZM,
PA, LNA, MPA va BPF bao gém site trung tdm, tram géc, cap quang, bd ghép quang, bo
diéu ché Mach-zehnder, bo khuéch dai cong suat, b khuéch dai nhiéu thap, bo khuéch dai
cdng suat trung binh va bo loc thdng dai.

3.3. M6 hinh khao sat RoF &ng dung trong mang 5G
3.2.1. Lién két vo tuyén
Dit liu duoc truyén bai ngudi dung tha p duoc biéu dién:

s = [Sép) 51(p) SIEIP)1

Véi cyclic prefix (CP) c¢6 d6 dai phu hop duoc gan vao mdi khdi. Théng qua mot bién doi
Fourier roi rac (DFT), khéi dix liéu cling c6 thé dugc biéu dién duéi dang:

S(p) DFT(Sp) — [S(p) () S]E]p)l



18

Tai BS the r va sau khi loai bé cac mau CP, ludng dit liéu nhan duoc theo mién thoi gian

T
duoc cho bgi: y™ = [yér)yl(r). .. y,\(,r_)l ,

r= P
voi y =3 &5 @ h) + v (3.1)

CPU

Intented signal
» Interference signal

_________ Detected signal

Hinh 3. 3. Minh hoa md hinh hé thdng vé tuyén Bs cong tac

I NONGEENGORD
v = vy v vy

trong mién tan s 1
T
N® = prT(v®) = [N"N.. . N ]
Trong mién tan s6, céng thic (3.1) ¢d thé duogc viét la:
v =3 St + N (3.2)
Vvé6i (r) biéu thi thanh phan tha k DFT cua khoi
I NGONGOENGORL
AR AR ey
Trong do:
T
Y™ = prT(y™) = [v . v, ]
Syp 12 dit ligu dugc truyén bsi MT tht p trén séng mang con thir k. N cho biét thanh phan
nhidu mién tan s lién quan dén ang ten thir r va tan sé thu k.
Tuy nhién:
Hey ) = &rHy (3.3)
trong do H,E'r; biéu dién dap ng tan s kénh gitta MT tha p va BS tha r cho tan sé thir k

, ;o A X 1A 2 Z ‘o r) 2 _
(xem xét dap ung tan so kénh dugc chuan hoa voi E [|Hk‘,p ] = 1).
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Cac mau mién thoi gian y” c6 thé duoc xem 1 qua trinh Gaussian phirc ¢6 trung binh
bang 0 dugc thé hi¢n béi:

200" = B[y ] = Shole P E|s&L | + B[l ]

= Z§=1|€p,r|2 202 + 202 (3.4)
Trong d6: o2 = [|Re{sP}| '] = E [|m{s®}|'] (35)
Va  o? = [|Re(v®)] = E|lm{y®)[] (3.6)

tuong UNg V4i Cac biéu tugng va cac phuong sai nhiéu.
3.2.2. Lién két ROF
Khi dau vao cua ching 1a y ™, thi dau ra cua chiing c6 thé cho bai:
20 = f(y™)

= A(ly™]) exp (j(6(ly®]) + arg(y™))) (3.7)

sin| -2 (')j, y©|< Ay
Aly?])= A (ZAM Y | (3.8)

‘y(r) > AM’

A,
Phuong sai cua phan thuc va phan ao cuaa lién két RoF phu thudc vao cong suat dau ra khi
b0 hoa, tirc Ia: 02, , = M (3.9)
KRoF

3.4. Két qua thuc hién danh gia khao sat
3.4.1. Phan tich ddnh gid hiéu ieng nhiéu phi tuyén
Tin hiéu bi bién dang phi tuyén trong mién thoi gian lién quan dén BS tha r 6 thé bi
phén tach thanh tong cua hai thanh phan khong twong quan:
20 = qy® 4 4™ (3.10)

Trong d6 d™ biéu dién bién dang phi tuyén va a biéu dién mot yéu té ty 16 co thé dat duoc
la:

_ E[z0My ®] B[z )]

“H] -

(3.11)

Bang cach xac dinh ty twong quan tin hiéu ¢ dau vao cua bo diéu ché MZ 1a R, (1), nd co
thé chi ra tu twong quan tin hiéu dau ra R, (t) duoc tinh toan nhu cong thirc sau:

(Re(Ry@))™ ™ +1(1m(ry @)™
Ry (0)2y+1

R,(2) = 3i% 2Psyn (3.12)

Trong d6 2y + 1 1a c¢6ng suat lién quan dén IMP bac 2y + 1, duoc dinh nghia 1a
2

(s (Y)P(Y)H2y+1(\/2+7y)dy)
22Y+1(2y+1)!

(3.13)

P2y+1 =
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Trong d6 2y + 1 (-) la da thuc Hermite cia bac 2y + 1.
Hinh 3.4 cho thay méi lién quan PSD giita md phong va Iy thuyét cho mot BS va kénh cu
thé khi xem xét bo diéu ché MZ c6 [;—M = 3.0.

Chdng ta co:

y

G,(f) = 1al?G, (f) + Ga(f)

Trong mién tan sb, n6 c6 thé duoc biéu dién bang:

(3.14)

_ [, o1

70 =[z,"z7;"... zy]
z =ar" + DI + W
Hinh 3.5 cho thdy PSD mé phong va ly thuyét caa méo phi tuyén d™ lién quan dén mot BS

(3.15)

va kénh nhat dinh st dung bd diéu ché MZ véi ‘Z—M = 3.0.

y

Nguoi ta ¢d thé dinh nghia SNR ;o cho song mang con thix k va kénh da cho la:

SNRTOTk =

G,(f) [dB]

40

sl

20

20

30

-40

la|?E[|Yk|?]
E[IDk|?]+E[|[Wg|?]

(3.16)

R MMM

-1.5 -1 0.5 0 0.5
fJ'IB

1 1.5 2

Hinh 3. 4. PSD cua tin hiéu bi méo phi tuyén z™ ¢ i—“ = 3.0 v&i mét kénh.

Hinh 3.6 cho thay sy thay doi cia SN Ry trung binh

Go(f) [dB]

15

101

5t

ot

5t

A0

A5

201

-25 1

=30

-36

y

: Ly thuyét
M6 phong

T
7

T
Wi,
by,

.

.
0o o5
/B
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Hinh 3. 5. PSD cua tin hiéu bi méo phi tuyén d™ c6 i—M = 3.0 v6i mot kénh.

y

30 : . .
Kp.r =30 dB
25 o T 1
P --.___I{}?f}F =25dB
— 20t v T 1
= S T Kpw=20dB"
E _7_"“'*---.___7_____I§ nor = 15 dB
Z, — Kpop =10dB
5F i — A

ol

T 2 s 4 5 & 7 8 o
An /oy
Hinh 3. 6. Su thay d6i cua SNR o trung binh xem xét véi cac gia tri khac nhau cua Kgyp-

4.4.2. Thiét ké Bé thu

O day s& dua ra mot thiét ké cac may thu manh hiéu qua cé thé dap tng cho dic tinh
pho cua bién dang phi tuyén tao ra bai qua trinh chuyén doi dién va quang.
Lip khéi DFE (IB-DFE):
Trén thuc té, ddi véi cac may thu MIMO, chling ta c6 thé xem xét hai so d6 giam sét:
o MIMO-DFE hoiic phat hién véi loai bo xuyén nhiéu song song (PIC - parallel
interference cancellation).
o DFE phan 16p thoi gian - khdong gian (LST-DFE: Layered space-time DFE) hodc phat
hién véi loai bo xuy@n nhiéu lién tiép (SIC - successive interference cancellation).
o Mic du cdu trac PIC néi chung phtic tap hon, nhung né cho phép thiét ké song song,
c6 thé thuan loi tir quan diém thuc hién.
So do khoi

Hinh 3.7 minh hoa so db khéi lién quan dén qua trinh giam sat, so dd nay thiét ké
dwa trén khai niém IB-DFE. O lan lap the i, cac ky hiéu dir liéu u6c tinh lién quan dén
ngudi ding {87} thir p twong tng voi cac quyét dinh cia dau ra may do mién thoi gian
{5} = IDFT{SP}, trong d6 IDFT la Bién dbi Fourier roi rac nguoc va 5 dugc biéu
dién bang

Sp = FiyZ — Bi ,Sip (3.23)

Doi véi MT thir p va séng mang con k, MSE cho cac mau mién tan s6 S, ,, dugc cho bai:

3 2 <@ 2
Orp = E [|515p) -5 ] =k “FkT,ka — BipSic” — Szgp)| ] (3.24)
trong do, toi thiéu hda caa né la dé:

1 -
Vo = 2w Ik Ziea Fp H ) = 1 (3.25)
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Véi y, chi ra dap tng tan sé kénh trung binh tong thé. Ap dung gradient (d¢ doc) cho ham

Lagrange nhu sau: | = 0, + A(yp — 1) (3.26)
cac hé s toi wu F, va B, dugc cho bai:
Fk = k(H]iI(IP - PZ)Hk + Dk)_lH]I(-I (327)
Va Bk == aHka - Ip (328)
Véi Dy, tuong g Voi:
_ digg ((12ed” e dorafy - _
= diag <{ |a|20'5 ;r=1,...,R (3.29)
DFT DFT
il i
— - e
B B
o
i—j W —F(i}‘—

N'e—p| Mz _'L\)_"( X
. . (F) +\z, IDFT = :Id —

L e e Y
K » MZ >+ ) !:R-\_x ip +
I B Soft
dec.
w
D

Hinh 3. 7. So d6 khdi may thu da ngudi ding I1B-DFE.
3.4.3. Két qud theec hién

10" e
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E,/N (4B)

Hinh 3. 8. Hiéu sut BER d4i véi Bs cong tac véi P= 2MT, R = 2BS, Kp,r = 20 Va 4,, = 4
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BER

Et‘t’.\'ﬂ(dBl B
Hinh 3. 9. Hiéu suat BER cua Bs cong tac véi P = 2 MT, R = 2 BS va cac gia tri khac nhau
cua Kp,r(p = 1).

BER

1] 2 4 6 8 10 12 14 16 18 20
Ehn’NOEdBl

Hinh 3. 10. Hiéu sut BER cua Bs cong tac véi P = 2 MT, R = 2 BS va c4c gié tri khac nhau
cla Kpor(p = 2).

3.5. Két luan chwong 3

Trong chuong nay di phan tich va tinh toan duong 1én cia cac hé thong BS cong téc,
trong d6 lién két gitta mdi BS va CPU duoc thyc hién thdng qua két ndi RoF. Chuyén doi
quang va dién dugc thuc hién bai mot bo diéu ché MZ véon ¢ méo phi tuyén dugc trinh
bay. Ngoai ra, trong chuong nay con dua ra mot so do tdi uu hoa giam sat dé téi da hoa
SNR twong tng. So d6 thiét ké may thu duoc dé xuit cé tinh dén ca hiéu ung khong day va
quang hoc di dugc chang minh & c¢6 thé dat hiéu qua cao.
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KET LUAN VA KIEN NGHI

Hé thong MMW-RoF da dugc xem la giai phap day tiém ning dé tang dung luong,
viing phu, bang tan, cling nhu giam chi phi cho cac mang truy nhap vé tuyén bang rong
trong tuong lai (mang di dong 5G).

Noi dung luan van da dat duoc muc tiéu dé ra la: tim hiéu vé céng nghé va tng dung
cua truyén dan thdng tin vo tuyén qua sgi quang (RoF); phan tich cac tham sé anh hudng
dén hiéu suat hé thong RoF; phan tich, dwa ra dé& xuét thiét ké cac may thu manh tan dung
cac dic diém thdng ké cua méo phi tuyén.

Du kién két qua dong gop cua luan vin 1a phan tich va tinh toan duong Ién cua cac hé
thdng Bs cong tac, trong do lién két gitta mdi BS va CPU duoc thuc hién thdng qua két ndi
RoF. Pua ra dé xuét thiét ké cac may thu manh tan dung cac dic diém théng ké cia méo
phi tuyén.

Hudng nghién ctu tiép theo cua luan vian sé tap trung vao nghién ctu ang dung cong
nghé MMW-RoF cho cac kich ban cu thé c6 tinh cap thiét cao nhu mang truy nhap vo tuyén
bang rong cho duong sit cao tdc, tau dién ngam hay cho cac ting ham trong tda nha.



