Tap chi Tin hoc va Piéu khién hoc, T.20, S.2 (2004), 151-156

XAY DUNG PHAN MEM MO PHONG
KENH VO TUYEN DI PONG PHAPINH

NGUYEN PHAM ANH DUNG

Hoc vién Cong nghé Buu chinh Vién thong

Abstract. In order to test components of radio transmission paths in mobile telecommunications
we need construct a simulation chain. Fading mobile radio channel is the most complicated and
important component of the simulation chain. Fading mobile radio channel simulation model may
be built in hardware or sofware. This paper presents buiding fading mobile radio chanel simulation

model in sofware.

Tém tdt. DE kiém tra cdc thanh phan clia dudong truyén dan vo tuyén trong thong tin di dong, ta
can xay dung chuoi mé phéng. Kénh vé tuyén di déng phadinh 14 phan t&r quan trong va phic tap
nhét cia chudi moé phéng. Mo hinh mé phéng kénh vo tuyén di dong phadinh cé thé dwoc xay dung
bang phan citng hoiic phin mém. Bai bdo di xAy dung mo6 hinh mé phéng kénh v6 tuyén di déng

phadinh b&ng phan meém.

1. GIOT THIEU CHUNG

Kénh vo tuyén di dong chiu hai tdc dong 16n: phadinh nhiéu dwong va hiéu tmg Doppler.
Kénh nay dwoc mé td bang mé hinh nhiéu elip nhw trén hinh 1 [4]. Trén hinh vé céc elip
deu dong tieu diem va méy phat (Tz), may thu (Rz) dwoc dat tai hai tiéu nay. Moi elip (va
viing gan né) tao nén cic dudng truyén séng cé thoi gian tré nhw nhau (tré truyén séng gitra
cic duong truyen nay bang khong hay khong ddng ké) va géc t6i khdc nhau (tan s6 Dopler
thay d6i). Moi séng trong ving tan xa dwgc dac trung bdi hinh elip thit £ chiu cling mot tré
truyen séng:

Huéng chuyén dong

Hinh 1. M6 hinh nhieu elip dé trinh bay hinh hoc céc dudmg truyen
theo Parsons va Bajwa [4]
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Th =T AT = 0,1...L—1 (1)

Mbi truomg truyen séng vo tuyén dwoc thé hién chi bang mot elip dwoc goi 1a kénh vo
tuyén phadinh di déng khong chon loc tan s6. Con moi trwomg truyen séng dwoc thé hién
bang nhieu elip duwroc goi la kénh vé tuyén phadinh di déng chon loc tin s6. Truong hop thit
hai la tong quat va thuong gip trong thong tin di dong, ta sé xét dén truwong hop nay. Déi
véi truedmg hop hai, moé hinh kénh vé tuyén phadinh di dong dwoc trinh bay & dang dudomg
tré ré nhanh (hinh 2).

x(t) dt' ® o dt ® VAT e
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Hinh 2. Trinh bay dwdng tré ré nhanh cia mot kénh chon loc tan s6
va phu thudc thoi gian trong bang tan phitc twong duwong

Quan hé giira tin hiéu dau ra kénh y(t) va dau vao kénh a(¢) khi dr’ — 0 dwoc thé hién
nhw sau:
t

(1) — / w(to)h(to, Dydto | (1)

— 00

trong dé a(tp) la gid tri tin hiéu dau vio tai thoi diem fg, ¢ 1a thoi diém quan trac tin hiéu
dau ra, h(tp,t) 14 ddp trng kénh lén gid tri tin hiéu dau vao tai o tai thoi diém quan trac ¢
(do quan hé nhan qua nén ¢ > {p).

Déi véi mot duwong tré ¢6 L dwong hitu han ta ¢é thé bieu dién qua hé vio ra nhw sau:
L—1 L—1
y(t) = Y aque()o(r' — )t — ') = Y ague(t)x(t — 7) (2)
=0 £=0

trong dé, ag la cong sudt ciia nhanh £, pe(t) 1a qud trinh Gauss ngau nhién phitc dic trung
cho huédng tng cia kénh lén nhanh £ va

L—1
h(t',t) = Zm@)é(r’ — 7)) (3)
£=0
la dap tng kénh.
2. MO HINH WSSUS VA DGUS

Pé moé hinh héa cic kénh vé tuyén di dong phadinh chon loc tan s6 ta c¢é thé sit dung
cac md hinh ngau nhién va tat dinh. M6 hinh thit nhat dugc goi 1a WSSUS (Wide Sense
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Stationary Uncorrelated Scattering: tdn xa khong twong quan dirng nghia rong).. Mo hinh
thi hai duwoc goi 1a DGUS (Deterministic Gaussian Uncorrected Scattering= tédn xa khong
twong quan Gauss tat dinh). D3i véi cdc mo hinh nay ta cé thé trinh bay ham cic tir twong
quan nhw sau [1,2]:
(T, Tt t+T) = 8(7h — 1) Sha(T1, T)
rer(f f 0, f2) = 602 — f1)STr(v, f1)
res(T1, 79 f1, f2) = 0(fa — f1)d(y — 1) S (71, f1) (4e
raa(ff f ottt r) = rpa(v, 7) (4d

trong dé, 7' = ¢ —to, f! va fi 14 tan s6 nhan dwgc tir bién doi Fourier cia ddp ing kénh
h(',t) theo 7/ vat,v' = fh— f1, Spa(7], 7) la ham mat do phé cong suit chéo tré, Spr(v'. f1)
13 ham mat do pho cong suat chéo Doppler, S(77; f1) 1a ham tan xa, rgg(v/, 7) 1 ham twong
quan tan so-thoi gian, h ky hiéu cho ddp ing xung kim phu thuoc thoi gian h(7/,t), H k¥
hiéu cho ham truyén dat phu thuoc thoi gian H(f',¢), s ky hiéu cho ham dép trng xung kim
phu thuoc Doppler s(7/, f) va T ky hiéu cho ham truyén dat phu thudc Doppler T'(f’, f).

Céc ham Spp(r, 7), STr(v'.f1), S(71; f1), rr(v', 7) va bén ham sau:

Ham mat do phd cong suat tre

S () = Spa(7, 7)| (5a)

7=0

ham mat do phd cong sudt Doppler

Suu(f) = STT<UI7 f)

)
/=0

ham twong quan tan s6

Yoty (’Ul) - THH<'U/7 T)

)
=0

ham twong quan thoi gian

ru(T) = ra(,7) (5d)

/=0
13 cdc ham hé thong dé dac td mo hinh. Céc ham nay lién hé véi nhau tirng doi mot qua bién
doi Fourier.

Ham mat do pho cong sudt tré xac dinh cong suat trung binh cla cédc thanh phan tan xa
phu thudc vao 7/, con ham mat d6 pho cong sudt Doppler xdc dinh cong suit trung binh cia
cadc thanh phan tan xa phu thudc vao tan s6 Doppler. Pay la hai ham thuong dwoc do trong
thue té dé xay dung mé hinh kénh [5]. Trong [5] céc kénh nay dwoc xét cho bon loai ving cé
dic diém truyen séng khiac nhau: ving néng thon (RA: Rural Area), ving thanh phd dién
hinh (TU: Typical Urban), viing thanh phé xau (BU: Bad Urban) va ving dia hinh doi nii
(HT: Hilly Terrian). Moi viing nay dwoc dic td bang kieu mat do pho cong sudt Doppler
Sr(f): “Jakes”, “Gauss I, “Gauss II”, “Rice”. Ngoai ra [5] cing dic ta cac thong s6 cho
céc duomg tre ré nhanh mé phéong kénh nhu: s6 nhanh ré (L), cong suit ciia moi nhanh (ay),
thoi gian tré moi nhanh (74) va kidu him mat doé phé cong suat cho timg nhanh (S, (f)).

ba&i véi DGUS, qué trinh Gauss ngau nhién phitc trong (2) dwoc thay bang qud trinh
Gauss tat dinh phitc v6i thanh phan thuc va do nhu sau [1,2]:

Nie
Liet) = Z Cine COS(2T fi it + Gine), ©=1,2 (6)

n=1
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fi,n,ﬁ 7£ fi,m)\ khi £ # >‘7 (7)

trong dé ¢ chi s6 bieu thi phan thue (i = 1) va phan 4o (i = 2), Cine, fine V& 050 13 céc
hé s6, tan s6 va pha rdi rac, N; ¢ 1a s6 lwong céc ham diéu hoa cia phan thue hodc phan 4o
thuéc nhanh £.

D3i véi cdc haim mat do pho cong sudt Gauss dich tan trong [5] ta cé thé xdc dinh qua
trinh Gauss tat dinh phtc ner sau:

2
Z 0; ¢(t) cos(2m fi0,6t) — J Z 0; ¢(t) sin(27 f; 0,¢t) (8)
i=1 i=1
trong dé Nie
Vie(t) = Z Cin,t (2T fi it + Oinp) (9)
n=1

fi0,¢ & dich tan xéc dinh tir [5].

Cong suat nhanh trong truwong hop nay dwoc xdc dinh nhu sau:

ag = / Srp(Thdr!', £=0,1...L—1 (10)
T/GI@
trong dg [0,d7'/2) cho £ =0
I = ([ —dr'/2, 7, +d7r'/2) cho £ = 1,2.... — 2 (11)
[1)—dr'/2, T} ] cho t = L —1
Tmax — dT (L - 1) (12>

3. XAY DUNG PHAN MEM MO PHONG KENH

Tir cdc cong thicc cho mé hinh dwdng tré ré nhdnh & trén, ta cé thé thuc hién chwong
trinh mé phdng kénh bang Matlab. Gidi thuat viét chwong trinh mé phéng nhw sau.

Chon khoang thoi gian ldy mau cho tré nhanh 7, nhu sau:
L—1
T, = gcd{qf}ezl (13)
Vi thé:
= (g — DT (14)
trong dé g 1a mot s6 nguyén dwong hodc bang khong.
T! cung la thoi gian 1ay mau cho tin hiéu dau vao x(¢) va tin hiéu dau ra y(¢). Nhuw vay
céc tin hiéu nay duoc roi rac héa & dang x(kT.) va y(kT7).
Thoi gian 1dy mau cho céc ham diéu hoa trong (8) dwoc chon nhuw sau:
- (15)
trong dé m/, 1a s6 nguyén dwong va dwoc goi la ty 1& toc do 1dy mau. Vi thé:

L= kT, = km.T, (16)
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Chon mot trong cdc phwong phép sau dé tinh cdc hé 6, tin s6 va pha rdi rac ¢; e, fine
va 0; ¢ cho tirng treong hop mat do phd coéng suat cia tirng nhanh: phwong phap dong
khoang cidch (MED), phuwong phép sai s6 binh phuwong trung binh (MSEM), phwong phép
dong dién tich (MEA), phwong phdp Monte Carlo (MCM), phwong phap chuan Lp (LPNM)
va phuong phdp trai rong Doppler chinh xéc (MEDS) [1,2].

Tin hiéu dwoc lay mau & dau ra cia kénh mo phédng dwoc xac dinh nhuwr sau:

L1
y(kTY) = { lacpe(kmTq +to) + peexpli2m foe(km Ty + to)]]
=0 k=0
T?ism 3
X it —kml T} > w(kTpa(t — KT)) (17)
k=0

trong dé Ty, 1a khodng thoi gian moé phoéng, ¢y 1a dich thoi gian, pe va fye 1a bién do, va tan
s6 cda thanh phan di thang, p;(¢) 13 ham xung chir nhat don vi dwgc x4c dinh nhw sau:

() — 1 néu0<t<mlT! (18)
Pty = 0 néu khac
1néu0 <t<T
B — ==t 19
P2(t) {O néu khéc (19)

Két qua mo6 phdng kénh phadinh vo tuyén di dong chon loc tan s6 theo dic td kénh trong
[5] dwoc cho & hinh 3.
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Hinh 3. Tin hiéu ra y(¢) cia kénh phadinh vo tuyén di dong mé phong

Chuwong trinh moé phdng kénh cho hinh 3 dwoc viét bang Matlab véi cdc thong s6 sau:
T!=0,2.10"% m/ = 10.000, N7 ¢ = 10, L = 4 nhénh véi dang mat do phé cong suat Doppler
nhu sau: “Jakes” (nhénh 0), “Gauss I” (nhanh 1), “Gauss II” (nhdnh 2) va “Rice” (nhanh
3). Phuwong phap duwogc st dung dé xac dinh cdc thong s6 roi rac Cin,es fine Va 0; p ¢ nhu sau:
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MEDS cho cdc nhanh 0,3 va LPMN cho nhénh 1,2. Tin s6 Doppler cuc dai duoc st dung
cho md phéng fuax = 91Hz twong ing véi toc dd may di dong v=110 km/h va tan s6 séng
mang fo = 900 MHz.

4. KET LUAN

Bai bdo da trinh bay phwong phap xidy dung mo6 hinh mé phdng kénh vo tuyén di dong
phadinh, gidi thuat chwong trinh mé phéng va két qua nhan dwoc chwong trinh mé phéng
cho triromg hop may di dong cé téc dd chuyén dong v=110 km/s va phét tai tan s6 séng mang
900 MHz theo ddc ta kénh trong [5]. Giai thuat viét chwong trinh mé phdéng kénh duwoc trinh
bay trong bai bdo nay cé thé 4p dung cho céc dic td kénh khic. C6 thé st dung chuwong
trinh mo6 phéng kénh vé tuyén di dong phadinh nhir moét hop cong cu dé moé phong qué trinh
truyén dan vo tuyén trong cac hé thong thong tin di dong.
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