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TOM TAT

Trong bai bao nay, chung t6i gidi thiéu mot moé hinh hang doi trong mang di dong
t€ bao trong d6 diéu hanh mang ctia mot 6 (cell) nay c6 thé muon cac dai tan s6 ti
diéu hanh mang cua cac 6 khac. Hanh dong nay duoc goi la co ché€ muon pho.
Muon phd la mot hanh dong thuc t€ ma diéu hanh mang c6 thé st dung d€ giam
bét sy thiéu hut tam thoi tai mot khu vuc cu thé trong mang di dong t€ bao. Ngoai
ra trong bai bao nay ching toi con xét dén viéc kiém soat ti€p nhan cudc goi theo
co ché kénh bao vé phan doan FGC va co ché muon phd theo hai ngudng hoat
dong. Két qua phan tich chi ra rang su thay d6i cic thong s6 hé thong c6 anh
hudng nhu thé nao dén viéc bao vé cudc goi chuyén vung trong mang di dong t&

bao.

Tt khoa: cellular, spectrum renting, FGC - fractional guard channel.

1. MO PAU

Trong mang di dong t&€ bao, bai toan muwon pho (spectrum renting) 1a mot hanh
dong thuc t€ ma ta co thé ap dung dé giam bét sy thi€u hut kha nang tam thoi trong
mang. Theo do, ta chia thanh cdc nhdm kénh st dung (block of user channel) theo dai tan
s6 va mdi khoi sé duoc quan ly boi mot dieu hanh mang (network operator) duy nhat.
Nguyeén tic hoat dong dua vao viéc kiém soat hién tuong tré (hysteresis control) voi 2
ngudng dé€ muon hodc tra lai dai tan so tir lvu luong duoc cung cap.

D€ thoa man mot s6 luwong 16n cac yéu cau cudc goi dén tir nhitng nguoi dang
ky thué bao véi pham vi hoat dong dwoc phan chia thanh cac 6, mdi & dwoc gan mot
dai tan s6 va duogc digu khién bang mot tram co so. Chti y rang cac dai tan s§ vo tuyén
duoc 14y tir phd cho phép ctia diéu hanh mang. Nigoai ra, mdi dai tan s6 muwon thuong
di kem véi mét s6 luong kénh cua cac diéu hanh mang.
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Mot ddc diém co ban cua mang di dong t€ bao la viéc phan biét cac tin hiéu tu
nhitng bd phét séng khac nhau, da c6 mét s6 giai phap dwgc dwa ra d6 la: FDMA
(frequency division multiple access - da truy cap phan theo tan s6), CDMA (code division
multiple access - da truy cap phan theo ma) va TDMA (time division multiple access - da
truy cap phan theo thoi gian).

e FDMA/TDMA la hai ky thuat pho bién nhat trong mang GSM (Global System
for Mobile Communications). Phé ctia chiing dwoc chia thanh mot s cac kénh c6 tan sd
200 kHz. Mdi kénh mang di dugc chia nho thanh 8 time slot, mdi dai tan sd vo tuyén sé
c6 8 kénh hogc 16 kénh (véi tdc d6 bang mot nira so véi 8 kénh).

e CDMA: mbi dai pho thuong c6 mot tan sd nhat dinh (vi du 1.25 MHz d6i véi
CDMAZ2000, 5 MHz d6i véi W-CDMA) tuy theo ddc diém cua diéu hanh mang.

Khi mot thué bao bat dau yéu cau mot cude goi mdi, mot tram co sé cu thé
(thuong la tram co so gan nhat ngay tai 6 ma thué bao yéu cau dich vu) bao sé cap mot
kénh hoat déng cho cudc goi madi nay. Sy tranh chdp kénh bit dau xay ra khi mot thué
bao di chuyén tir 6 nay sang 6 khac trong sudt qua trinh thwe hién cudc goi. Su gidi han
vé tai nguyén trong mot 6 nhat dinh c6 thé gay ra su gian doan cudc goi cho thué bao
phai theong xuyén di chuyén boi vi ngay tai bién cac 6 c6 thé xay ra hién twong ngét
cudc goi. Do d6, diéu hanh mang sit dung mot phuwong phap thich hop d€ giam thiéu
t01 da sy gian doan cudc goi. Co ché kénh bao vé 1a mot ky thuat dwa vao do uu tién
cua cac cudc goi chuyén vung trén cac cudc goi mai (fresh call) d€ giam thiéu t6i da su
ngat cudc goi. Khi d6 co ché kénh bao vé phan doan FGC duoc stt dung dé kiém soat
viéc ti€p nhan cudc goi CAC trong mang cellular [4]. Bai viét nay sé phan tich va danh
gia mo6 hinh muon pho trong mang di dong t€ bao véi co ché FGC.

No6i dung tiép theo cua bai bao bao gom: phan 2 gidi thiéu cac md hinh ching
toi phan tich véi cac luéng luu lwgng khac nhau. Két qua phan tich, két hop véi mo
phong, thong qua cac d6 thi vé nhitng thay ddi cia xac suat tic nghén chuyén bién
theo mat do ludng, sé dugc trinh bay 6 phan 3. Cudi cung 1a phan két luan.

2. MO HINH PHAN TiCH
2.1. Cac thong s6 gia dinh

Chung ta xét mot 6 cu thé trong hé thdng mang di ddng t&€ bao voi gia thiét 1a
tap hop nguoi sit dung la v6 han. Ta c6 n kénh d€ quan ly cac cudc goi dén. Goi I(t) la
s0 luong kénh dang duoc phuc vu trong mot 6 cu thé va J(t) (voi 0 < J(t) <L) la s6
luong tan s6 muon. Khi d6 s6 luong kénh khi c¢6 j tan s6 muon (hay j(t) =) la
N; = n + jng v6i ng 1a s6 kénh trong mot tan s& muwon [4].

Gia st rang thoi gian interarrival cha cac cudc goi modi va cac cudc goi chuyén
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vung tuan theo phan phéi ham ma véi téc dd Ar va Ay. Khi d6 goi tong t6c do dén cua
cac cude goi la A thi ta c6 4 = A + 4. Chiing ta gia st rang khoang thoi gian thuc hién
cudc goi thanh cong (d6i vdi cac cude goi mdi va cac cude goi chuyén vung) trong 6
tuan theo phan ph6i ham ma véi thoi gian trung binh 1a 1/p.
2.2. Co ché tiép nhan cudc goi

Co ché& FGC ¢6 mot quy tic 12 né cho phép thurc hién mot cude goi mai véi xac
suat f; ; va cudc goi chuyén vung véi xac suat la 1 khi I(t) =i va J(t) = j. Ta cd cac co
ch& FGC khac nhau dua vao cac thong s6 ctua hé thong nhu sau [2]:

¢ Co ché FGC trung binh gidi han (LAFGC - limited average FGC) duoc dinh
nghia nhu sau: §;; =1 (v6i 0 <i < N; —|g] = 2), Bn;-jg)-1; =1 —g+ 19l va Bi; =0
(VOi N; — lg] < i < N)).

e Co ché FGC dong nhat (UFGC - uniform FGC): B; j = B (v6i 0 < i < Nj).

e Co ché FGC gia dong nhat (QUFGC - quasi uniform FGC): f;; =1 (v6i
0<i<N—lgl—-2)vaB,=1-g+lgl (véiN;—|gl—1<i<N).

e Co ché FGC khong xét do wu tién (NPS - non prioritization scheme): f; ; = 1
(v6i 0 < i < N)).

O day véi g 1a s8 kénh bao vé (khong nhét thiét phai la s8 nguyén) va |g] 1a s6
nguyén gan nhat khong 16n hon g. Ta quy u6c fy; ; = 0 (v6i0 < j < L).

2.3. Co ché mugn pho

Chiing ta gia stt rang mot dai tan s8 ¢ thé muon trong mot khoang thoi gian
gidi han goi la thoi gian mwon cho phép (lease time) va nd tuan theo phan phdi ham ma
v6i tham s6 7. Hién nhién mot gid tri phu hop 7 sé cai tién hiéu nang hoat dong. Bén
canh d9, co ché€ nay con hoat dong dua trén viéc kiém soat hién tuong tré véi 2 nguong
hoat dong (Hinh 1):
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Hinh 1. M6 hinh md ta hoat dong ctia bai todn muon phd.

¢ Néu s6 luong kénh trong < t; véi viéc tiép nhan cudc goi theo co ché FGC,
diéu hanh mang sé goi mot yéu cau muwon mot dai tan s6 moéi. Goi 9 la xac sudt ma
mot yéu cau muon mot dai tan s6 moi thanh cong. Nguoc lai, néu yéu cau muon
khong thanh cong (véi xac suat 1 —9), diéu hanh mang sé ¢8 gang thuc hién lai yéu
cau voi téc do a chiing nao ma s6 lugng kénh trong < t;. Ngoai ra, dai tan s6 moi sé
duoc st dung cho dén khi nao ma sd luong kénh trong < t;. Chi y rang c6 thé ¢ mot
s0 yéu cau bo sung tan s6 ngay tai mot thoi diém cu thé. Ta quan tdm dén moi lién hé
gitta bén muon va bén sé hitu. Diéu nay c6 nghia la diéu hanh mang sé gii cac dinh
danh can thié€t d€ phan biét (d€ gitip bén sé hitu nhan bién d6 la yéu cau lai) va nhém
yéu cau (yéu cau cho viéc bo sung mot tan s0 méi thudc cung mot nhom). Ngoai ra,
néu thanh coéng ngay lan dau tién sé hay bo tat ca cac yéu cau ctia nhom dé. Bén so
httu sé khong cap thém bat cit yéu cau nao sau khi c6 thong bao nhan thanh cong lan
dau cho phép str dung mot tan s6 moi.

o Néu s6 luong kénh tréng bang t, + ng va s6 luong tan s& muon 1a j véi mot
yéu cau roi khoi h¢ thong, diéu hanh mang sé tra lai tan sd da muwon trude do.

Hai tham s0 t; va t, cta co ché muon phd duoc sit dung dé diéu chinh hiéu
nang ctia hé thdng. Diéu nay lam giam xac suét tac nghén d6i véi cac cude goi chuyén
vung va cac cudc goi méi. Tuy nhién, hé thdng phai danh d6i tdc d6 mang cho viéc
muon mot tan s6, do dé khi muon duoc tan s6 nd phai nhanh choéng tra lai tan s6 do
nhanh nhat cd thé.
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2.4. Mo hinh toan hoc

Hé thong duwoc md hinh bang chudi CTMC 2 chiéu bing cip gia tri X =
{I(t),](t); t = 0}. Hé thong dwoc xay dung dya trén cac dir kién sau [4]:

(a) Qua trinh dén cua cac cudc goi mdi va cac cudc goi chuyén vung.

(b) Céc cudc goi roi khoi hé thong.

(c) Qua trinh yéu cau mot phd (yéu cau dugc thuc hién ngay tizc khac khi s
kénh trong dat duoc gia tri nguong t; va s6 luong tan s6 muwon dwdi L. Néu yéu cau
lan dau tién khong thanh cong, khi d6 yéu cau lai mot tan s6 méi véi téc do la a khi
nao ma s6 luong kénh tréng con lai thdp hon t,).

(d) Sw qud han ddi voi thoi gian muon cho phép (lease time) ctua cac tan so
muon.

Ta xét su chuyén d6i gitra cac trang thai 6 thé xay ra ddi véi chudi CTMC X:

e Tirtrang thdi (i,j) sang trang thdi (i + 1,/) (véi0<i<N;va0<j <L) do
cho phép mot cudc goi dua vao co ché tiép nhan cudc goi.

e Tir trang thai (i,j) sang trang thai (i,j + 1) (véi i = N; —t; ): do yéu cau
mot tan s6 moi thanh cong.

e Tu trang thai (i,j) sang trang thai (i —1,j) (véi i > 0 (trwong hop j = 0)
hodc 0 <i # N; —t; + 1 (truong hop j > 0)): do mot yéu cau roi khoi hé thong.

e Tir trang thai (i,j) sang trang thai (i—1,j—1) (véi i=N;_; —t, +1 va
0 <j < L): do mdt yéu cau roi khoi hé thong va giai phong tan s6 muon.

e Tu trang théi (i,j) sang trang thai (min{i,Nj_l},j - 1) (voi 0 <i<N; va
0 <j < L): do qua han d6i véi thoi gian muon cho phép va tan s6 mwon bi tra lai.

Tt day ta c6 cac ma tran chuyén trang thai A}, Bj, C; nhu sau:

(a) Ma tran A; 1a ma tran chuyén tie trang thai (i, j) t6i trang thai (k,j) (0 <j <
L) la mot ma trén co6 kich thwde (N] + 1) X (N] + 1), voi: Aj(i, k) = A;; = Apfij + Ay
(k=i+1,0<i<N;—1), A;(i, k) = iu (k =i—1,0 < i < N;). Ngoai ra, 4;(Nj_y — t, +
1,N;_; — t;) = 0 (j > 0). Céc phan tir khéc bang 0.

(b) Ma tran B; la ma tran chuyén tir trang thai (i,j) t6i trang thai (k,j+ 1)
(0 <j <L —1)1a mdt ma trén c6 kich thudc (N; + 1) x (Nj44 + 1), voi cac phan ti khac

1
01a: B;(i, k) = a9(1 —9)9 'max{i — N; + t;,1} (k = i,i = N; — t,).

(c) Ma tran C; la ma tran chuyén tir trang thai (i,j) t6i trang thai (k,j — 1)
(1 <j <L) 1ama tran c6 kich thuée (N; + 1) x (N;—; + 1), v6i cac phan ti khéc 0 la:
Ci(Ni-1 —ta + LNy — t;) = (Ni—y — to + Duva (i, min{i, N;.1}) =n (1 <j < L).
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Luoc d6 chuyén trang thai twong ting dwoc chi ra trong cac Hinh 2 dén Hinh 4;

Hinh 5 minh hoa mét vi du don gian véi cac thong s6 cuthé (n =4, L=nzg =2,t; =1,

Hinh 2. So d6 con chuyén trang thai véi cac yéu
cau tiép nhan cudc goi; cudc goi roi khoi hé

thdng; cudc goi qua han thoi gian mwon cho
phép va tra lai dai tan s6; cudc goi roi khoi hé
thong va giai phong tan s6 muwon theo ngudng
tz .

ﬂ“Nj —4-2,j

(] [ |
Nj—t-Lj Nj_tl)/u ANJ—tl—l,jJrl (Nj_tl)/u
1,
a9(1—9)9
[ I 7 [
n
Nt +1,j (N]_t1+2),u ﬂ’lNJ—I1+1,j+1 (N]_t1+2)/u
a9(1-9)s"
nE | TNJ"_tﬁl (]
« Jtl

Hinh 3. So d6 con chuyén trang thai véi cac yéu
cau tiép nhan cudc goi; cudc goi roi khdi hé
thong; cudc goi qua han thoi gian mwon cho

r N\ e . 20 A ~ A ATAY A AAY
phép va tra lai dai tan s6; yéu cau mugn mot tan
s0 mdi thanh cong theo ngudng t;.

Ta c6 cac phuwong trinh trang thai can bang nhu sau (theo Hinh 2, Hinh 3 va Hinh

4):

Phuong trinh trang thai can bang

Trang thai

Ao,0Po,0 = MPo1 + UP1,0-

(0,0).

(/10,0 + U)Po,j =NPo,j+1 T UP1,j-

(/10,0 + TI)PO,L = UP1,L-

(ill + Ai,o)Pi,o = Ai—1,0Pi—1,0 T MPi1 + (@ + Dppisq0-

(i,0)véii=1,Ny—t, —1hoaci =
Nog—t,+1,Ny—t; — 1.
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[(No —t)u+ ANO—tZ,O]pNO—tZ,O = ANO—tZ—l,OpNO—tZ—l,O
NPNg-t,1 + (No — 5 + 1)H(pNo—t2+1,o +

pNO—t2+1,1)-

(NO - tz, 0)

1
it + 240+ @d(1 = 9)7 max{i — No + 5, 1}] py =
Ai—1,0Pi-1,0 T M1 + (0 + Dppisq 0.

(i, 0) Véi i = NO - tl'NO —1.

1
[Nou + a9(1 —9)9 "max{i — N, + t,, 1}] Dngo =
ANO—I,OPNO—I,O + PN, + 7 2251 Pny+k,1-

(NO! 0)

1
[n + N+ ad(1 — 9)5 ‘max{i — Ny + t,, 1}] Pr,) =

nR
le—l,ijj—l,j + NMPNj-1,j+1 +7n Zkzl Pnj+k,j+1-

(N;,j)véij=1L—-1.

(n+ NL:u)pNL,L = AN -1,LPN-1,L-

(NLJ L)

(ill + A+ U)Pi,L = AicyPi—ip + @+ Dupiyq .

(i,L)véii=1,N, —t, —1hodaci =

NL - tz + 2, maX{NL - t2 + 2, NL—l - tl - 1}.

[(NL —t)u + /1NL—t2,L + n]pNL—tz,L =

ANL—tz—l,LpNL—tz—l,b

(NL - tz, L).

[(NL —t,+ Du+ /1NL—t2+1,L + n]pNL—t2+1,L =
ANp-tp 1PNty T (N, — t2 + 2)Upn, —ty42,1-

(NL - t2 + 1, L).

(i + A +1)pip = AicapPicas + G+ Dupisay
1
+ad9(1 —9)9 "max{i — N;_; + t;, 1}p; ;1.

(i, L) Vé‘i i= NL—l - tl' NL—l'

(iw+ A +1)pip = AicawPicay + (@ + Dppisa s

(i,L) véii=N,_, +1,N, — 1.

(iw+2;+n)pij =
Aic1,jDic1,j T D je1 + @+ Dupiyq,j-

(i,j) v6ii=1,N;—t, — L hodci =
N; — t; + 2,max{N; — t, + 2,N;_, — t; — 1}

vaj=1,L—1.

[(Nj —ty)u + ANj-tyj TI] Prj=taj =

/1Nj—t2—1,jpzvj—t2—1,j T PN 65,541

(N;—ty,j) v6ij=1L-1.

[(]\]] —t, + 1)‘[1. + ANj—t2+1.j + T)] pNj—tz"'lJ' =
Ayt Pty + (N = o+ 2)ibn 10

TNPNj—t5+1,+1-

(Nj—t,+1,j)véij=1L-1

(i + A +m)pij = AimyPir + (+ Dupiyy
1
+ad(1 - ﬁ)ﬁ_lmax{i —Nj_;1+ty, 1}pi_]-_1 + NDij+1-

(L)) véii=N_ —t;,N_vaj=1L—1.

(iu+ 2 +n)pi, =

Aic1,jPic1j + (C+ Dupiyr; + 004 j41-

(L)Hvéii=N_+ LN, —1vaj=1L—1
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(Ni_l)'u1 /1Nj-z,j+1
ad(1-9)7" max{t, 1,1}

» N;j-1
[ | -1 L ( ,jfl-l [ I |
n
ﬂNjfll N, /1Nj—1,j+1 N
ad(1- )7 max{t, 1}

'] EE
(N;+1)u
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Hinh 4. So d6 con chuyén trang thai véi cac yéu
ATAY A A A . A . N 7 . A
cau tiép nhan cudc goi; cudc goi roi khoi hé
thdng; cudc goi qua han thoi gian mwon cho
phép va tra lai dai tan s6, yéu cau muon mot
tan s6 mai thanh cong.

Hinh 5. So d6 chuyén trang thai véin = 4,
L=ng=21t =1t =3.

Tt cac ma tran chuyén trang thai 4;, B;, C; ta c6 digc ma tran sinh nhw sau:

o \
¢ AP B
c, AV B, |
Ay B
c, AWM
Ay — D% — DB, (j =0)
O day A% = {4; — D4 — DB — Do, (0 <j <L),
Ay — DA — DB, (j=1)
Ta dinh nghia vecto xac suat mttc la vecto: v; = (Po, j» 2PN, j) [4]. Tk day ta viét
duoc cac phurong trinh trang thai can bang:

8
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voASY + 1€y = ,...,0), )
No+1
Vi_1Bio1 + AL + 141Gy = (0,..,0), (vOi 1 < j S L—1), )
Nj+1
v, 1B, 1 + v, 4% = (0, ...,0)
L-1PL-1 L4, ) (3)

Np+1

Dé€ tinh phan phdi xac sudt trang théi 6n dinh ctia hé thdng, ta dinh nghia ma
tran R; (c6 kich thuoc (Nj_l + 1) X (NJ + 1)) la ma tran théa man v; = v;_4R; (voi
1<j<L)vaRy=Iyy41 (hay Ry chinh la ma tran don vi kich thuéc (Ny + 1) X (N +
1)). Khi d6 cac ma tran R; (v6i 1 < j < L) ¢6 thé duoc tinh toan bang cac hé thic truy
hoi nhu sau:

Ro= B (40) ", @

R, =— (A(1)+R C )1 sil<i<L—1 5
j = ~Dj-1\4 ji+1Civ1) S (VOI1 <) < )- )

Mit khac tir dinh nghia ma tran R; ta c6 duoc hé thitc nhu sau:

v; = Vo [Ty Ri, (V610 < j < L). (6)
Phuong trinh (1) c6 thé viét lai nhw sau:
- (Agﬂ + R1C1) = (0, ...,0). )
No+1

T phuong trinh (7) va phuong trinh chudn héa ¥5_,vje; = 1 (v6i ¢ 1a vecto
cOt don vi cd kich thude (N; + 1) X 1 (v6i 0 < j < L) va tat ca phan tir déu bang 1) ta c6
thé tinh duoc vy.

2.5. Cac thong s6 hiéu ning ctia hé théng
e Xac sudt tac nghén cua cac cudc goi chuyén vung PBy: xay ra khi c6 mot yéu

cau chuyén vung dén duoc tiép nhan theo co ché FGC nhung da st dung tat ca s6
kénh (k€ ca sO kénh cua cac tan s6 muon).

PBy = Z?:o Pnjj- 8)

e Xac sudt tac nghén cua cac cudc goi maéi PBg: hé thdng tir chdi cac cudc goi
dén (véi xac suat 1 — B; ; theo co ché FGC).

PBr =Y)_, Zivzjo pii(1—=Bij). 9)
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3. KET QUA DANH GIA

Cac thong s6 hé thong dugc chon nhu sau (ta méac dinh co ché FGC 1a LAFGC)

[4].
Bdng 1. Cac tham s phén tich trong bai toan.

Tén thong s6 Ky hiéu Gia tri
S6 luong kénh so htru n 24
S6 lwong kénh trong moi dai tan s§ muon ng 8
SO luong dai tan s muon L 3
T6c dd dén cta cac cudc goi moi Ap 20.4/159.66
Tdc d6 dén cha cac cudc goi chuyén vung Ay 40.8/159.66
T6c d6 phuc vu u 1/53.22
T&c d0 retrial a 0.15
Xéc suat mwon mot dai tan s6 mdi thanh cong 9 0.9
T6c d6 giai phong tan s6 do qué han thoi gian n 0.0001
S0 kénh bao vé (GC - guard channel) thuc t& g 1.5
Nguong muon tan s6 t 3
Nguong giai phéng tan sd ty 8

3.1. Phén tich va so sanh xéac sudt tac nghén theo giatripva g

Ta nhan thay rang x4c suat tic nghén PBy 6 gia tri gan nhu nhau ddi véi cac
giatri g = 0.8, g = 1.5, g = 2.9 khi ta thay do6i gia tri p (Hinh 6 (a)). Nhung su thay d6i
nay thé hién rd rét d6i véi xac sudt tic nghén PBy (Hinh 6 (b)). Hay x4c suat tic nghén
cudc goi chuyén vung PBp giam dang ké khi ta tdng sd kénh bao vé. Diéu nay hoan
toan phu hop vdi ly thuyét ma ta da xay dung.

1 : : : : : ‘ 01
& &
2 0.1 ) 0.01
5 £
) 0.01 'En 0.001
=
2 o8 o8
= o000 g 0000 TEELS
2 E
@ o g=2.9
§  0.0001 > 1E-05
]
1E05 1E-06
065 07 075 08 085 09 095 065 07 075 08 08 09 095
P p
(a) PBg. (b) PBy,.
1 Ay _1

Hinh 6. Xéc sudt tac nghén PB; va PBy véin = 24,L =0, u = FreTaeaialy
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3.2. Phén tich va so sanh xac suét tac nghén theo gia tri L

Tt @6 thi phan tich ta thdy rang khi mwon nhiéu hon hai dai tan s6 (L > 2) thi
ca x4c suit tic nghén PBr va PBy hau nhu khong thay doi (hoi tu), do d6 ta can muon
mot s6 dai tan s6 thich hop dé tiét kiém tai nguyén hé thdng (Hinh 7). Trong cac phan
tichsau tachisosanh véi L =0val = 3.

1 T T
- 0.1
= \‘\
£ 001 T
5 Tl
2 o001 = A ——
-
< 00001
g —+—PB_F
“ 0.00001
3 --e-- PB_H
% 0.000001
0.000000
0 1 2 3 4 5 6
L
~ / Ny % ~ \ ;. 1
Hinh 7. Xac suét tac nghén PBr va PBy véin = 24,ng =8, u = 57 4= 0.15,9=09,n =

0.0001, g = 1.5, ¢, =3 vat, = 8.

3.3. Phan tich va so sanh xéc sudt tic nghén theo gia tri L va p

Véi L = 3 thi ta thay xac sudt tic nghén PBj va PBy déu cho ta gié tri thap hon
so voi viéc khong muon cac dai tan s6 (tiee L = 0) (Hinh 8 (a) va Hinh 8 (b)), dac biét
ddi voi gia tri xac sudt PBy cho gid tri t6t hon nhiéu so véi viéc khong muon cac dai
tan s6 (L = 0) (Hinh 8 (b)).

1 ‘ ‘ ‘ ‘ ‘ ‘ 01
w e * T
2 o ST ——— £ o
5 0.01 ] //
Eﬂ : -E,, 0.001
e oo 2 [ .—m
= ——L=0 < 00001 s £=0
‘g 0.0001 =@ [=3 H =- =3
2 & 1E05
S 1E-05 x
1E.06 1E-06
065 07 075 08 08 09 095 065 07 075 08 08 09 09
P P
(a) PBg. (b) PBy.
7 M ~ A ) Ay 1
Hinh 8. Xac suat tac nghén PBy va PBy véin = 24, n, =8, TEyHE 0= 0.15,9 = 0.9,

1
3/
n=00001,g=151¢ =3vat, =8.

3.4. Phan tich va so sanh xac sut tic nghén theo gia triLva g

Tt két qua phan tich ta thay rang x4c suat tac nghén PBy ting dan khi ta ting
s6 kénh bao vé g (Hinh 9 (a)), trong khi d6 xac suat tac nghén PBy giam dang ké khi
téng s6 kénh bao vé g (Hinh 9 (b)). Diéu nay néi rang co ché FGC bao vé cudc goi
chuyén viing nhung van dam bao xac suat tic nghén ddi véi cudc goi méi nam trong

11
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. 4
pham vi cho phép.
1 1 :
——L=0
4 01 3 0.1 S—
E E N’\\—\\ - =
£ 0.01 § 001
e S0 . N\“\
= 2 .,
e ooot 2 0001 B —~—_
- hed BT -
ot o —_—
S 0.0001 “§ 00001 R
H Z .
2 1
> 1E-05 % 0.00001
1E-06 0.000001
0 1 2 3 4 0 1 2 3 4 5 6
o g
(a) PBp. (b) PBy.

Hinh 9. Xac suét tic nghén PBy va PBy v6in = 24,ng, =8, /1711 = i,
n =0.0001, p = 0.85,t; =3 vat, =8.

1

H=g

3.5. Phan tich xac suét tic nghén st dung co ché LAFGC

Tuwong ty nhut nhan xét & muc 3.4 (theo Hinh 10 (a) va Hinh 10 (b)).

a=0.159 =0.9,

1

W W
- 0.1 = & 0.1 M‘
A ., = 0.01
g 0.01 v g v
£ o001 rel £ o001 Crv—.
o2 LE'S og et ssaa,
T o001 3 0.0001 e,
g
: 000001 3 0.00001 iy
% 0.000001 00000 r PB H
0.000000 =
0.0000001
0 L ) s 4 s 0 1 2 3 4 5 6 7 8
9 9
(@)L =0 (b) L = 3.
s N ~ . Ay 1 1
Hinh 10. Xac suét tac nghén PBj, PBy theo co ché LAFGC véin=24,ng =8~ == u=—,
F H R A 3 53.22

a =0.15,9 = 0.9, = 0.0001, p = 0.85, ¢, =3 vat, = 8.

3.6. Phan tich xac suat tic nghén stt dung co ché QUFGC

Véi Hinh 11 (a) va Hinh 11 (b) sy bién thién ctia d6 thi xac sudt tic nghén c6
dang hinh tua zic zdc. Diéu nay 1a do khi g 1a mot s8 nguyén thi khi d6 §;; =1—g +
lgl=1(0<j<LO0<i< N]), mét khéc theo cc cong thiic (8) va (9) ta dé dang suy ra
PBp = PBy = PB,. Luu ¥ rang db thi xac sudt tac nghén cudc goi méi PBy (twong tng
xéc suat tic nghén cudc goi chuyén vung PBy) c6 tat ca cac diém cuc tiéu (twong ting
diém cuc dai) bang nhau va bang PB,. K&t qua phan tich nay hoan toan phit hop véi ly
thuyét ma ta da gidi thidu & trén. So véi co ché LAFGC thi ta nhan thdy rang xac sudt
tdc nghén PBg cho ta gi4 tri tot hon, nhung nguoc lai xac suat tic nghén ctia cude goi

chuyén vung PBy lai tang lén.
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01 5 01 -
& &
g 001 g 001 - 1.
o0 ! ! n L f ' i
£ oo g 0.001 TR R R e
X 3 , TS
2 oo I o000 8 * %
3 5
> Z 000001
2 000001 2 pB_F
% 0.000001 0.000001 ~~%- PB_H
0.000000
0.0000001
0 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
9 9
b) L = 3.
()L = 0. ®)

Hinh 11. X4c suat tac nghén PBy, PBy theo co ché€ QUFGC véin = 24, ng = 8, /1711 =lu=-
@=0.159 = 09,17 =0.0001, p =085t =3vat, =8

3.7. Phan tich xac suat tic nghén st dung co ché UFGC

Mot két qua hién nhién 1a khi ta tang dan xac sudt cho phép f tir gia tri 0 cho
dén 1 thi xac suat tac nghén d6i véi cudc goi méi giam dan, trong khi dé xac suat tac
nghén tac nghén cudc goi chuyén viing ting dang ké. Luu y rang khi § = 1 thi tuong
tie nhw nhan xét @ Muc 2.4 thi ta cting c6 PBr = PBy (Hinh 12 (a) va Hinh 12 (b)).

1

N—#—\*\“_\*\;\‘\ ‘ ' w
1 . 01
E 0 . | g
L = 001
g oo v g I AW
2 0001 2 0.001 ———n=t
2 0001 e 2 0.0001 -
g s —— PB_F S - —~—PBF
> 1E-05 — —w=PBH 2 1E-05 - .- PB_H
* 1E-06 +— 1E-06 =
' 1E-07
1E-07
0 02 04 06 08 B 0 02 04 06 08 1
B B
(@L=0. (b) L = 3.
>y ’ Ay O ~ ~ s A 1 1
Hinh 12. Xac suat tac nghén PBg, PBy theo co ché UFGC v6in = 24, n, = 8, 7” =T h =55y

@ =0.15,9 =09, =0.0001, p = 0.85,t, =3 vat, = 8.
3.8. Phan tich xac suat tac nghén theo gia tri /Ay

Trong ca hai truong hop (L = 0 va L = 3) theo Hinh 13 thi d6 thi xac sudt tac
nghén cudc goi madi cd gia tri rat it thay ddi (c6 dang gan nhu duong thang). Trong khi
d6 xéc suat tic nghén cude goi chuyén viing lai c6 xu hwdng giam dan va hoi tu vé mot
gia tri nao do6 (Hinh 13). Diéu nay néi 1én rang xac sudt tic nghén PBy va PBy c6 phu
thudc vao gid tri 1/ nhung it, tham chi xac suat tic nghén PB; hau nhu khong phu
thudc vao gia tri 1/4y.
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Hinh 13. So séanh xac suét tic nghén PBr, PBy véin = 24, np = 8§, ATH = g, g=15u=

1

0.1
0.01
0.001
0.0001

Xic suit tic nghén PB

0.00001
0.000001
0.000000

fale ™3
%*~>(—*~)(»-)(——>€-)(——x-*.x_*_x*_x_*_x_*_x*_**_
—+—PB_F,L=0
= PB_H,L=0
PB_F,1 =3
--%-- PB_H,L=3
5 10 15 20 25 30

Ay

a=0.159=09,1n=0.0001,p=0.85t =3vat, =8.

3.9. Phan tich xac suat tic nghén véi hai gia tri nguong t, va t,

1

53.22"

So sanh viéc thay doi gia tri t; va t, ta ¢ nhan xét nhw sau: Khi ¢ dinh gia tri

t; = 3 va gia tri t, thay ddi tir 8 dén 20 gia tri xdc suat tic nghén cudc goi méi PBp va
xéc sudt tac nghén cudc goi chuyén vung PBy déu giam dan (Hinh 14 (a)). Trong khi
d6 theo Hinh 14 (b), ta ¢d dinh gia tri t, = 9 va t; thay d6i tir 1 dén 8 thi khi nay xac
sudt tac nghén PBj va PBy déu cho ta gia tri t6t hon nhiéu so véi viéc c8 dinh t; = 3 va
thay doi gia tri t,. Diéu nay ching to gia tri t; va t; c6 anh huong nhu thé nao dén xac
sudt tic nghén ctia mo6 hinh ma ta dang xét.

! 1
= 0.1 = 0.1 —
£ 0.01 == £ 001 ;—
= M = e \\
¥ 0001t £ 0001 — ——
j: B P £ 00001 -
= 00001 E -
= 3 )
£ 0.00001 —+—PB_F £ 0.00001
2 o= PBH % 0.000001 B F
% 0.000001 ——r
0.0000001 0.000000
10 12 14 18 20 1 2 3 4 5 7 8
t 4
(a) tl = 3

Hinh 14. Xéc suét tic nghén PBy va PBy, véin = 24,ny = 8,L =3, =2

1
3

a =0.15,9 = 0.9, = 0.0001, p = 0.85, ¢, =3 vat, = 8.
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4. KET LUAN

Trong bai bao nay chung t6i da gidi thiéu mot mo hinh danh gia hiéu nang
trong mang di dong t&€ bao trong do6 cd st dung co ché muon phé va viéc kiém soat
ti€p nhan cudc goi dén theo co ché kénh bao vé phan doan FGC véi muc dich tan dung
nhitng dai tan sd chwa dwoc st dung tir nhitng diéu hanh mang cua cac 6 khac. Két
qua phan tich chi ra rang md hinh bai toan ma chting tdi giéi thiéu trong bai bdo nay la
ding dan va qua d6 chi ra rang viéc muon nhitng dai tan s6 nham giam xac sudt tac
nghén cua cac cudc goi chuyén vung xuéng dang ké so voi viéc khong muon cac dai
tan sO tit nhitng diéu hanh mang khac. Ngoai ra trong bai bao nay con cé sy so sanh
gitra cac co ché FGC khac nhau d€ tir d6 nhan xét, danh gia co ché nao la t6i wu nhat
cting nhu chi ra sy anh hudng cua tham s6 hé thong nhu sd kénh bao vé g, xac suat
cho phép B, tai luu luong p, cac gia tri ngudng t;, t, c6 anh huwong nhu thé nao dén mo
hinh ma ta dang xét.
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ANALYSIS OF SPECTRUM RENTING PROBLEM IN MOBILE CELLULAR
NETWORKS WITH FRACTIONAL GUARD CHANNEL (FGC) POLICY

ABSTRACT

Hoa Ly Cuong’, Nguyen Quang Hung
Faculty of Information Technology, University of Sciences, Hue University

*Email: hlcuong90@gmail.com

In this paper, we introduce a queueing model in which mobile network operator

may rent each other’s unutilized frequency bands. This referred to as spectrum

renting policy. Spectrum renting is an operation practice that can be applied to

relieve the temporary capacity shortages of a specific service area in wireless

cellular networks. Moreover, we take into account the Fractional Guard Channel

(FGC) admission control policy and spectrum renting with two thresholds for the

network operator. Numerical analysis show that these parameters change with

respect to the protection of handover calls.

Keywords: cellular, FGC - fractional guard channel, spectrum renting.
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