e
Ak

?

S Wm@

- - - ale - - -

| Truyén séng trong méi truwong théng |

tin di dong (Macro Cell)

cociG Y

[
[
[
[
[
[
[
[



XY .
‘& . Telecommunications Program

ol Tr—
s .~&‘# ) | T I L]
LETas0 t¢

Truyén sdng trong mdi truong thoéng tin di dong (Macro Cell)

+ Truyén song daduong (multipath propagation)
Trong mdi truong di dong & dai tan VHE, UHF bé qua anh huéng
ctia cac tram & xa (khong truyén theo phuong thic sdng troi)

Phan xa

Tdn xa

Nhiéu xa

Anh huong truyén song da duong: Ton hao tuyén (path 1oss), Méo
tan so (Doppler effect) vaMéo bién do (Rayleigh, Rician,...fading)
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+ M6 hinh ton hao tuyén trong théng tin di dong
- Trong khodng gian tu do thuc nghiém cho thay:

V61 mOi treong ngoal troi 2 £ n £ 4. véi maoi truong trong nhan > 5
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- Okumura Model

Tan sb: 150 MHz — 1920 MHz. Khoang céach tir 1km dén 100km, anten cao ti
30m dén 1000m

L (dB) =L,+A . (f,d) — G(hgro) — Glhys) —Guen

L .. : Giatri trung binh ciiaton hao tuyén truyén dan
L, : Ton hao trong khdng gian tu do (phu thudc vao khéang cach va tan so)
A ,(f,d) : ton hao mdi truong twong doi (so sanh véi moi trudng chan khong) thong s nay
do dac dugc phu thudc vao tan sb va khoang céch
G(hgro) : Do loi caachiéu cao anten tram goc G(hgro) = 20 log( hg g /200)
G(hy,s): D0 loi chiéu cao caathiét bi cam tay
G(h,,) = 10log(h,,< /3) Vi hys<3m
G(hys) = 20log(hy, s /3) vél 10m>h,,s>3m
Garea Hé so lam ddng do dic diem ciia mdi trudng truyén dan
cac duong cong A(f,d) & G, dugc goi laduong Okumura
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- OkumuraMod€

buong cong A(f,d)
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- OkumuraMod€

Vi du: Tinh cOng suat tai anten thu caa tram di dd6ng dung mé hinh
Okumurakhi biét: tram goc cao hgs = 100m, phét cong suat bic xa vo
huéng twong duong EIRP = 1kW, thiét bi di dong & do cao hy,e = 10m
véi @6 loi 0 dB va cach tram goc 50km, hé thong st dung tan s6 900
MHz pht song trong vung ngoai O.
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- Hata Modd

Tan so: 150 MHz — 1500 MHz. Khoang céch tir 1km dén 20km

L. (Urban)(dB) = 69.55 + 26.16log(f.) — 13.82 log(hgo) — a(hyo) +
(44.9 — 6.55l0g(hg14)).log(d)

V6i thanh phd 16n

a(hyo) =8.29(log(1.54h,,4))%2—1.1dB véi f. <300 MHz

a(hyo) = 3.2(log(11.75h,,))% —4.97 dB véi f, > 300 MHz

Véi thanh phé nho vavira

a(hyo = (1L.1og(f)—0.7)hy,s - (1.56 log(f) - 0.8) dB
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- Hata Model
Vung ngoai 6 va nong thon

L (Suburban)(dB) = L (Urban)(dB) - 2[log(f,/28)]?>—5.4 dB

L (open)(dB) =L, (Urban)(dB) - 4.78[log(f)]* + 18.33log(f.) - 40.98 dB

L (rural) = L _(open) + Fading Margin (6-10dB)

Khéng phl hop cho cau tric Micro Cell

V6i tan s6: 1500 MHz — 2000 MHz. (Extension Hata Model or COST-231)

L (Urban)(dB) = 46.3 + 33.9log(f,) — 13.82 log(hg) — a(h,,o) +
(44.9 — 6.55l0g(hg1g)).log(d) + C

Vi a(hy,o) giong phan truéc va C lahé so:

C = 0 dB khi lathanh phd nhé, trung binh hay viing ngoai 6

C = 3 dB khi latrung tam thanh pho [6n
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- Hata Moddl

Vi du: biét 6 nhay caamay di dong véi chat lugng nghe rd 1a

—105.967dBm, anten caamay di dong ¢ do cao 1.5m vaco do loi 1dB,
tram goc c6 do cao 50m, phét véi cong suat 40dBm, va anten co do loi
8dB. hé thong hoat dong & tan s6 900MHz va co do du trit fading 10dB.

X&c dinh ban kinh cell cuc dai cho viing thanh phé (vira), ngoai 6 va
nong thon?
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Walfisch - Ikegami Model

M hinh ndy thé hién sy phu thuoc vao 4 thong so: d6 cao toa nha, bé

rong con duong, khoang cach gitra cac toa nha, huéng cia con duong
so VoI hudng caatiatruyén song
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I—m = I-O t Lrts T I-msd néu Lrts 5 I-msd >0
L. =L, néul, . +L. <O

L, : ton hao trong khong gian ty do
L,.. ton hao do nhiéu xa vatan xa boi cac ndc toa nha

=-16.9 -10log(w) + 10 log(f,) + 20log Dhy,s + L

L :-10+ 0.354(q) voi << 35°
2.5+ 0.075(q—35% Vvéi 35° < g < 559
4.0-0.114(g—55% véi 559 < q < 90°

L. ton hao nhiéu xa nhiéu tang
= L + Kat Kyl0g,0(d) + kilog,o(fe) — 9log,4(b)

11
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& v lkegami Model
I—bsh =-18| Og[1+(hBTS_ roof)] khi hBTS = hroof
=0 Khi hgrs £ Ny
k,=54 khi hgrs> h,

=54-0.8(Ngrs—h)  Kkhihgrs£h, . vad? 0.5km
=54 - 0.8(Ngrs— N )2 Khi hars £ h . vad < 0.5km

Ky =18 khi hgrs> h,
=18-15 (hBTS_ hroof)/ hroof khi hroof £ hroof

k; = -4+ 0.7(f /925 —1) cho thanh phé nho vavira
= -4 +1.5(f /925 —1) cho thanh pho 16n

M® hinh ndy &p dung cho: tan so tir 800 dén 2000MHz, hgs tir 4m
dén 50 m, hy,s tir Im dén 3m vad tir 0.02 dén 5km
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ST L Méotin sb (Doppler effect)
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Khi gittamay phét vamay thu cé si dich chuyén tuong déi thi tan
S0 thu duoc co s khéc biét so véi tan s6 phét ctia song mang

BS o Dl =dcosq

-

: D = 2|?DI _ 2p|th cosq
. &
e
- 1D v
f = ) =_ = f
D 2p DI ICOS(] mCOS(]
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: Meo tan so (Doppler eff"gct) 9
Mat do pho

K 1
S(f) = :
Pl | - £ 0
1-(; f -
e m @

PPy P )
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+ Meéo bién do
M hinh fading Rayleigh: tai thiét bi di dong khéng nhan duy nhat
mat loai suy hao caatin hiéu phét (chi 1atiaphan xa) malarat
nhiéu tin hiéu tir nhiéu con duong va hién tuong khac nhau. Xét vé
pha caa cac tin hiéu nay thi co phangau hién trong khoang [0, 2p].
Theo luat s6 16n vadinh Iy gigi han trung tam thi tin hiéu thu dugc
|atin hiéu thong dai ¢ phan b Gausian, thanh phan cling pha va
vudng pha co phan bé Gausian véi trung binh khéng va ciing
phuong sai nén theo dinh 1y trung tdm ta cd ham mat do xac suat
cua bién do co dang Rayleigh

1T -r2/2s 2

—e rs30
p(r) =1s?

1 0 r<0

15




x!’ﬁﬂ.t“

é’ ',@ Telecommunications Program

'ﬁgh # gc:- = 11— —
- MG hinh fading Rayleigh
Pir)

0.6
0.4

0.2

L/a

Ham tich |ty

F(R)=p(r<R)= Op(r)dr =1- expg? R2

16
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- MG hinh fading Rayleigh

Cong suat trung binh caatin hiéu thong dai bang ¥4 cong suat trung
binh cua bién @6 phirc caiano, P =%2E[|r|7], nén ta cd thé dinh nghia
cOng suat tac thoi u = r4/2. Nén cong suat co6 dang phan bo ham mi am

u

2

dg(u u -2 1 1
p(u) = p(r) 9():ﬂezs _:S_Zes

du S ° J2u

- M6 hinh fading Rician (tu doc)
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- Vi du:
Bién d6 caatin hiéu thu mong muén ¢ dang phan bd Rayleigh, tin hiéu
nhiéu bién do clingcd dang phan bo Rayleigh vadoc [ap véi tin hiéu thu
mong muon.
- X&c dinh biéu thte tinh xéc suat caaty so tin hiéu trén nhiéu nhd hon
giatri k khi ty so tin hiéu trén nhiéu trung binh la c?
- Xé&c dinh x&c suat caaty so tin hiéu trén nhiéu bé hon:

) 20 dB

i) 10 dB

i) 0 dB
biét ty SO tin hiéu trén nhiéu trung binh 1420 dB
-X&c dinh ty s tin hiéu trén nhiu trung binh sao x&c suat cuaty so tin
hiéu trén nhiéu nhé hon 20 dB &
) 10%
i) 1%
i) 0.1%
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+ Fadl ng nhiéu tia

Tin hiéu nhan duoc tir nhiéu duong vo tuyen khéac nhau s€ duoc cong
lal v&i nhau lam cho tin hiéu tong c6 thé 16n hon hay bé hon muc tin
hi¢u trung binh nhan dugc, cac muc tin hieu be hon duoc goi la bi

fade. Toan bo hién tuong dugc goi 1a hién twong fading nhiéu tia
(multipath fading)

Cong !V!

suAt/dBm

Fading dién hep

Fading dién ring

I»

Khoang cach L

'
I"H.J
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- Small Area Average

T

R Noan

Signal Strength (dB)

Distance
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- Fading di¢n rong (large scale fading)
Fading dién rong 1a md hinh quan tam dén dé 16n caatin hiéu gitra
phat vathu véi nhirng khoang cach riéng biét (vai tram m) va dung dé
udc luong vung pha song

- Fading dién hep (small scale fading)

Fading dién hep 1amd hinh quan tdm dén su thay doi do |6n caatin
hiéu thu duogc trong mot khéang cach ngan (vai budc song) hay mot
khoang thoi gian ngan

- Fading nhanh (fast fading) vafading cham (slow fading)

Bién d6 tin hiéu thu duoc la ham cua khoéang cach r(x) mathong tin di
dong thiét bi cam tay di chuyén duoc biéu dién 1a ham caathoi gian
r(t). Su thay doi (variance) trong khong gian la ham caa khoang cach
duoc thé hién sy thay doi phu thudc vao khoang cach dugc goi 1a »
fading nhanh va fading cham.
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Fading nhanh xét sy thay doi trong khoang céch ¥4 budc sdng thuong
do s di chuyén cuia cac vat thé tan xa (scatters). Fading nhanh bang

phang trong mot khoang dai tir 20 — 40 buéc song thi duoc goi latrung
binh sector (sector average). Su thay doi cua muc tin higéu trung duoc

gol lafading cham

0.0
-80.0 [ N S 15|0 [ . 3 ij 01 1 11§'0| L.l 120!'01 i1 IEF{'GL It 130'0_50'0
’é“ . sector average -
g 900 A an i - -80.0
N - I ) -
0
2 -100.0 -~ 00,0
= _
=y
g -3110.0 --140.0
-« -
-120.0 ~-120.0
-130.0 =TT T T T T T T T T T T T T T T T T T T T -130.0
0.0 5.0 1.0 i5.0 20.0 25.0 30.0

Position (m)

r(t) =m(t)r (t)

22
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Thong ké cua fading cham: trong mdi truong truyén song gitta tram
goc vathiét bi di dong latich caa nhiéu quatrinh ngau nhién Ién tin
hiéu. Nén vai thang dB thi mac caa céc tin hiéu ngau nhién la tong. ma
tong cua nhiéu bién ngau nhién thi c6 dang phan bé Gausian. Do d6
théng ké cua fading cham c6 dang phan bé Gausian theo thang dB va
duoc goi 1a phan bo lognomal hay 1a mie tin hiéu thu duoc theo thang
dB c6 dang phan bé Gausian

1 ] (L-mL)2

1) = 2s ?
(L= T2, °

L lamuc tin hiéu & khoang céach cu thé

m, lasuy hao trung binh tai mot khoang céch cy thé

s, lado léch chuan cua suy hao trung binh 23
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Théng ké caafading nhanh: bién do caatin hiéu nhan duoc do fading
nhanh thuong cé phan bé Rayleigh hay Rician.

Cudng dg tin hiéu dB

n(r) = N/T level crossing rate laty so gittatong tat ca cac mac vuot trén
mot gidi han trong khoang thoi gian cho truéc voi khoang thoi gian nay.
a phu thuoc vao hién tuong Doppler

t(r) = &t/N average duration of fadeslaty so gittatong thoi gian cia cac
fades trong khoang thoi gian cho trudc véi tong so fades & xac d’inp4 Ky
thuat ma hoa kénh
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+ M6 hinh kénh fading nhiéu tia

t=t,+t,
t=t,+t, A t=ty+t,

|

Multipath Received Signals

10
= — |Q_ Trii tré RIVIS = 46.40 ns
= Of r
? Tré& vuot mnic cuc dai < 104dB — S4us
sp =10~ 11i0- R
S

e nguong = -2WB ———

20 e ' u"v-“'“ﬂavwm’wm

Tré vuot mue trung binh = 45.05ns

_30 i '] 1 [l 1 F|
-50 O 50 100 150 200 250 3

Tré& vuot mdc {ns)

00 350 400 450
25
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+ M6 hinh kénh fading nhiéu tia

a at, a P(t )t ,
k

t =% g"

aa’ aP(tk)

k
— [—\2

S, :\/tz-(t)
_aal’ aP.nx
t°= ko — ko

a & a P(,)
k

26




XY .
‘& . Telecommunications Program

) "oel) T o ______|

- Bing thdng két hop (coherence bandwidth)

1
50s

BC »

t

- Thoi gian két hop (coherence time)

9 _0423

© \16pf ° f

m
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Céc loai kénh fading
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- Fading phang
t
e W Ao W
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A f Hif R(D)
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- Fading lwya chon tan sb
t
st SR . .
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White
Gaussian
Noise

White White White White White
Gaussian Gaussian Gaussian Gaussian Gaussian
Noise Noise Noise Noise Noise
' | J
Doppler Doppler Doppler
Filter Filter Filter
Transmitted
Signal
Ts Ts —_—
o _ e
N/ ’\5
AWGN f +>
4N
Channel
Output WV
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