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ThS. Du'cjng Thj Thanh Tu 

Bil bao 001 thi&u vS mot loai hinh mang truy 

nhip bang rong tich hop quang - vo tuyen cung cap 

ddng thoi hai loai hinh dich vu: truy nhap vd tuyen 

va truy nhap him tuySn tren mdt ha ting mang duy 

nhit. Trong do. GPON dong vai tro backhaul ket ndi 

cac tram ca so WiMax ph^n tan dua tren kien true 

tich hop GPON- WiMax da ting. 

GIOI THIEU CHUNG 

Ngay nay, cdng nghe Intemet phat tndn manh 

me, cung cdp hang loat cac dich vu bang rfing nhu 

IPTV, VoD, P2P... Dd dap iing dupe yeu edu ngay 

eang tang ve bdng tiifing eho cac loai hinh dich vu 

ttdn, mang tray nhap da cd nhung budc phat tiidn 

manh me: Tu vide phat todn cdng nghd xDSL ttdn 

mang cap ddng tiuydn thdng ADSL, ADSL2, ADSL2+, 

VDSL, VDSL2, HSDL, HDSL2, HDSL4, SHDSL ddn phat 

tridn cdc cdng nghd tien tidn ttdn ndn mang quang 

PON bao gdm ca FTTH, FTTN, FTTC vdi hai chudn 

cdng nghd quang thu ddng tidu bidu la mang quang 

thu dfing Ethemet EPON va mang quang thu ddng 

cd dung lupng gigabit GPON. Trong dd, EPON dua 

ttdn nen mang Ethemet trayen thdng efin GPON dua 

trdn ndn cdng nghd mang quang thu dfing bdng 

rdng BPON tmydn thdng. 

Song hanh vdi su phat todn manh me cua edng 

nghd hftu tuydn, edng nghd tmy nhap vo tuydn 

cflng cd nhiing bude ehuydn minh nhanh ehdng: Tft 

cdng nghd tray nhdp WiFi trayen thdng vdi dung 

luong di chuydn thap, bdn kinh phii sdng nho ddn 

eac cdng nghe tien tidn VtfiMax, WiMax 2,3GPP LTE, 

4G LTE vdi vung phu sdng Ifin hon vd dung lupng 

tray nhap cao hon. Dd giam ehi phi ddu tu cho ha 

tdng CO sd mang, hdi tii ha tdng mang va he thdng 

didu khien la hufing nghien cftu dang nhdn dupc 

nhieu su quan tam. Ddy cung dupc ddnh 0 a Id xu 

hudng phat tndn tidp theo cua kidn trftc mang tray 

nhdp bang rfing ttong tuong lai. 

Vfii tieu chi giam tdi da ehi phi ttong mang hdi 

tu hftu tuydn va di ddng, tan diing dupc tdi da ha 
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tang mang sdn cd ttong nude, bdi bdo ndy tap trung 

vdo tim hidu mang tray nhap bdng rfing tich hgp 

GPON vd WiMax vdi kidn tiiic tieh hop da tdng, mdt 

kidn trftc md rpng cua kidn tnic ddc ldp va kidn true 

lai ghdp ddng thdi iing dung thdm efing nghd mdi 

1 OG GPON. Tren eo sd dfi, mdt sd vdn dd quan ttong 

ttong thidt kd vd van hdnh mang duoc nghidn cftu 

nhu didu hdnh ehuydn giao, phdn phdi bdng thdng, 

kha ndng bao vd cua hd thdng thieh hop duoc dd 

edp. 

Kidn trftc mang tich hpp GPON-WiMax hodn toan 

ed thd phdt toen, ftng dung eho cdc kieu rich hpp 

mang vfi tuydn - huu tuydn khae nhu EPON-WiMax, 

GPON-WiFi va GPON-LTE. 

KIEN TRUC MANG TICH HQP GPON-
WIMAX DA TANG 

Phdn ndy gidi thidu vd kidn trftc mang tray nhdp 

bdng rfing tich hpp GPON-WiMax da tdng cung hai 

Mdn true eo ban dd tao ndn Mdn tnic da tdng: Kidn 

trftc dfie ldp va kidn trftc lai ghep. 

Kien true doc lap 

Kidn trftc dfie lap la Mdn trftc true quan nhdt md 

ta su tich hop eua GPON vd WiMax. Hinh 1 chi ra 

mdt vi du vd kidu Mdn trftc nay. Trong dd, cae ONU 

duoc kdt ndi vdi OLT thdng qua mang quang thu 

ddng hinh cay. Doan mang kdt hpp WiMax- GPON 

duoc thuc hidn bdng each ket ndi mfit ttam gdc 

WiMax (BS) vdi mot don vi mang quang (ONU) thfing 

qua mfit giao dien ttdu ehuan, vi du nhu giao didn 

Ethemet. 

Trong Mdn trftc nay, dft lifiu tii WiMax-BS duoc coi 

nhu la dft hfiu tft mdt ngudi dftng cfta ONU va dugc 

xft ly cftng vfii cac du lidu cfta cac ngudi dftng khdc 

ttong ONU. 6 hudng ldn, du heu tu mfit ttam thud 

bao khdng ddy (SS) dupe ehuydn den WiMax BS va 

ONU kdt ndi ddn nd. ONU sau dfi se ehuydn tidp dft 

lieu nay qua mang quang thu ddng tdi OLT dat tai 

trung tdm (CO). Trai lai, d hudng xudng, qua trinh 

chuydn tidp gdi duoc tidn hdnh ngupe lai, dft Udu 

wchflsctum 

Hlnh 1: Kifin tnic dOc 1 ^ va iai gh6p 
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dl tft OLT di xudng ONU tdi WiMax BS va cudi cung 

den SS dich. 

Kidn tnic nay efi uu diem la WiMax BS va ONU kdt 

ndi chi can dua tien cac thidt bi va giao dien tidu 

ehuan. Tuy nhien nd bfie lfi kha nhidu nhuoc didm. 

Thu nhdt, tai ranh gidi vat ly 0tia WiMax BS va ONU 

rdt khfi de ttao ddi cae thfing tm didu khien 0fta hai 

thidt bl cho bidt su thay ddi mdt sd ttang thai mang 

nhu su phdn bd bang tiidng, lap Uch gdi cho ca hai 

hudng len va xudng. Do dd, Mdn trftc ndy khdng tdn 

dung dugc hdt cae uu didm cua su hpp nhat, dde 

biet la vide phdn dinh bdng thdng tdi uu tiong toan 

hd thdng. Thu hai, vi can hai thidt bi ddc lap, mdt 

ONU vd mdt WiMax-BS, tai bien cila hai hd thdng 

ndn ehl phi se Ion hon phuong thue hop tieh hop se 

duoc trinh bay d phdn sau. 

Kien true lai ghep 

Vdi nhuoc didm ldn la sft dung hai hdp tiiidt bi 

tiong Mdn true dde ldp cftng nhu su thieu hidu qua 

vd lmh dfing ttong phan bd bdng thfing va ldp Uch, 

mdt Mdn true mang tich hop mol ra ddi - kidn tnie 

lai ghdp (eeU dudi ttong Hinh 1). Trong Mdn trftc 

nay, ONU cua GPON vd BS cfta WiMax dupc tich hop 

ttong cftng mdt thidt bi, gpi Id ONU-BS. Thidt bi mdi 

nay dam nhidm duoc tat ca cac chfte ndng ciia ONU-

GPON cftng nhu BS-WiMax. Hon thd nua vi0c tich 

hop trong mdt thidt bi don se giftp eho viec trSo ddi 

thdng tin tiang thai mang dupe thudn lpi hon ttong 

phdn mang WiMax- GPON. 

Kien true tich h^p GPON-WiMax da tang 

Dua vdo Mdn true ddc ldp vd lai ghep dd neu d 

tien, cd the tidp tuc md rdng su tich hgp cua GPON 

vd WiMax. Mfit he thdng tich hop GPON-WiMax bdn 

tang dugc ehi ra ttong Hinh 2. Dac biet vdi su ra 

dfii cua lOG GPON, ehftng ta co the su dung mdt 

lOG GPON, hoat ddng nhu mdt backhaul kdt ndi 

nhidu OLT GPON. Trong khi dd, tteu ehuan WiMax 

cftng cho phep thidt lap cae hen ket vd tuydn diem 

- diem 0i(a cae WiMax BS ldn edn, do dd cho phep 

nhd mang ed thd thiet lap mang hinh sao WiMax 

•ttvark 

Hinh 2: KiSn tnJc tich hop GPON-WilWax da tSng 
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nhu ttong Hinh 2. Trong mang WiMax hinh sao ndy, 

mfit BS WiMax kdt ndi vdi ONU GPON ldm nftt gde dd 

ehuydn tidp du lieu tft tdt ca cde BS WiMax ldn can. 

Mang WiMax hinh sao ndy mang lai hidu qua cao vd 

chi phi, ddc biet cho cac Mch ban mang tray nhdp 

6 khu vuc ndng thdn, noi ngufii dftng phan tan vd 

tdng bdng thfing ngufii dftng cdn thdp. 

Khdng nhung thd, Mdn trftc da tang nay cd thd dp 

dung cho khu vuc vdi sd luong ngudi su dung dich 

vu ldn hon nhidu so vdl 2 Mdn trftc trudc. Vi du, ndu 

cd hai lOG GPON OLT va GPON OLT duoe ttang bi 

vdl bfi chia quang 1: 64 vd mang WiMax hinh sao 

vfii 7 imero-eell nhu ttong Hlnh 2. Toan bo Mdn trftc 

nhidu tdng cd the phu sfing mpt khu vuc rfing ldn, 

tao ra tdng cpng 28.672 micro-cell. Hon nfta, ttong 

mdt vimg djch vu rdng ldn vdi nhidu ngudi sft dung 

thi lpi Ieh eua vide ghdp kdnh efi thd duoc khai thde 

tdi da, giftp cai thidn vide sft dung hidu ndng cfta hd 

thdng tich hop. Ngoai ra, cde Mdn true da tang ciing 

thudn tidn eho hoat dfing chuyen giao cua cac ngufii 

dung di dfing ma se dupc dua ra d phan sau. 

Mdt mi didm niia cua Mdn trftc da tang la nd ed 

the tao ra mfit su tieh hop khdng ehi mang tray 

nhdp quang - vd tuyen md cdn cho phdp lai ghdp 

cae node tray nhdp tft xa. Vi du nhu, thay vao vi to 

cua mfit BS WiMax lan can, ngufii ta cfi the dat mfit 

thidt bl ghdp kenh tray nhdp dufing day thud bao 

sd (DSLAM) vd kdt ndi no vdi mfit ONU GPON nham 

cung cap them dich vu DSL. Cflng nhu vay, lOG 

GPON OLT hay GPON OLT cflng ed tiid duoc kdt ndi 

true ttdp ddn mfit ttam gdc WiMax hay mdt DSLAM 

cua mang cap ddng dd dat hidu qua cao hon vd 

bang thfing. 

HOAT O O N G CHUYEN GIAO 

Cac tinh ndng cua Mdn tnic tich hpp cfi nhidu uu 

diem ttong vide chuyen giao cho nhftng ngudi dftng 

di dfing. Trong mdi vimg, chiing ta ludn ludn cd thd 

tim thdy mdt didm didu phdi trung tdm efi thd xu V^ 

va phdi hop hoat ddng ehuydn oiao. Hinh 3 minh 

Macro-macro<ell 

Hmh 3; Hoat dOng chuy^ giao trong he thong tich hgp da tSng 
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hga hoat dfing chuydn giao cho cac ngufii dung di 

dfing ttong md hinh Mdn trftc da tdng vfii cac khu 

vuc khdc nhau. 

Trong Mdn ttnic nay, cfi 4 loai eell khdng ddy. Loai 

ddu tidn Id micro-cell ttong mang WiMax hinh sao, 

dupc ggi Id cluster mieio-ceU. Loai thu 2 la micro-

cell duge bao phft bdi ONU-BS, gpi Id ONU-BS micro-

cell. Loai thu 3 la macro-cell, bao gdm tdt ea nhung 

micro-cell Uen kdt vdi OLT GPON tmng tdm. Loal 

cudi cimg la macro-macro-eell, duoc tao thdnh tft 

tdt ca cdc maero-ceU Udn kdt vdi lOG GPON OLT 

ehung. 

Dua tidn eac Mdu ceU dd, ehftng ta cftng cd 4 loai 

chuyen 0ao. Loai ehuydn giao ddu tidn xay ra giiia 

hai cluster micro-cell. Cl ddy, ONU-BS ddng vai tio 

nhu mfit bfi didu khien phdi hpp chuyen 0ao. Loai 

chuydn 0ao tiift 2 cd thd xay ra 0ua 2 ONU-BS 

micro-eeU. Trong tnidng hgp nay, OLT kdt ndi true 

tidp vol 2 ONU-BS se cd chiic ndng didu khidn phdi 

hgp chuydn giao. Chuydn 0ao cflng ed thd xay ra 

gifta 2 macro-eeU, vi du, gifla macro-ceU hen kdt vdi 

2 GPON OLT khde nhau. Trong tiudng hpp ndy, lOG 

GPON OLT tirung tdm kdt ndi ddn 2 GPON OLT se ldm 

nhiem vu didu phdi chuydn giao. Cudi ciing, vide 

chuydn giao cd thd xay ra gifta 2 macro-maero-eeU 

tuong ftng d hai lOG GPON OLT khac nhau. Trong 

tradng hop ndy, mdt mftc dd didu phdi cao hon sd 

dupe ydu edu boat ddng. 

PHAN DINH BANG THONG 

Phdn dinh bdng thdng Id mdt vdn dd rdt quan 

ttpng vdl ea mang GPON vd WiMax. Ca GPON va 

WiMax ddu thuc hien phdn dinh bdng thdng tuong 

tu nhu nhau eho luong ldn vd ludng xudng. Theo 

hufing xudng, du GPON hay WiMax, tiifing tin ddu 

dupe ehuydn theo chd dd didm - da diem, cd nghia 

la dft Udu cfta ngufii dftng duoc gfti tu mdt didm 

trang tdm, nhu OLT GPON hay WiMax BS ddn cac 

tram thud bao phdn tan, ONU GPON hay WiMax SS. 

Theo chd dd traydn ddn ndy, khdng cd canh ttanh 

ngudn tdi nguydn mang hay va cham trong qud 

trinh traydn ddn vi khi mdt nftt tning tdm traydn 

du Udu den mdt trong sd ngudi diing true thufic nd; • 

kdnh ludng xudng ludn ludn danh rieng cho vide 

traydn dan nay. 

Ngupc lai, vide phan djnh bang thdng thep ludng 

len thudng khd phdc tap. Vi ehd dd nay tiuydn tai 

toeo chd dd da didm ddn didm ndn va cham cd thd 

xay ra khi nhidu ngudi dftng cftng ddng k? gui du 

Upu theo ludng len ddn nftt trung tam. Dd ttanh 

nhung va cham, ea GPON va WiMax da phat toen 

mdt tdp nhung co chd dde biet eho vide phdn dmh 

bang thdng theo ludng ldn. 

Trong dd, co che thdm dd/ydu edu/cdp phat la 

eo chd ehung, didn hinh nhdt. Vi du, ttong mang 

GPON, mdt OLT trung tdm dau tidn se gdi ban tin 

thdm dd ddn cdc ONU trong mang dd Mem tta xem 

ONU cd bdt eft du Ueu nao mudn traydn ldn ttong 

phidn trayen tai tidp theo khfing. Cac ONU sd phan •• 

hdi lai bang ban tin ydu cdu bdng thdng dua tten co 

sd dft Ueu hidn thdi dang luu tru ttong bd d$m cua 

ehftng. Khi nhdn dupe gdi tin ydu cdu bdng thdng, 

OLT trang tam se phdn dinh khe thdi gian tdi uu 

cho cac ONU khac nhau bdi vide xem xet, tinh toan 

tdng tod cac tham sd khdc nhau nhu: su d\mg tdi da 

nang luc he todng, xdc dinh thoi gian tte tdi thidu va 

dam bdo cac ydu cdu QoS cho mdi ONU su: dimg dich 

vu. Sau do, OLT tiifing bao tdi cde ONU tool diem 

ehftng cd thd bdt ddu tmydn dft Udu toeo ludng len 

ttong phien traydn tai tidp toeo. Co lie phdn dinh 

bdng thdng tuong tu nhu vdy cfln'. _:,Q thuc hi^n 

vfii WiMax. Trong do, WiMax BS 1 ... amdfingvai 

ttd 0dng nhu OLT ttong mang GPQN. Chftng se gm 

ban tm toam dd tdi tung tram toud bao SS ttong 

mang dd xem nhftng ttam nay ed dft u^u traydn tSl 
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toeo ludng ldn ttong phidn traydn tai tidp toeo hay 

khfing. Cac SS se phan hdi lai bang ban tin ydu cdu 

bdng todng. Sau dd, WiMax BS trung tdm lam nhiem 

vu phan dinh bang todng tfii uu giua nhiing SS khae 

nhau. Bdn canh dd, ngodi su dung co chd toam dfi/ 

ydu cau/eap phat nhu tten, ttong cdng nghe WiMax 

edn hd tto them ehe dfi phdn dinh bdng todng khae. 

Dd la su phan djnh bang todng khdng yeu cau, ttong 

dfi BS khfing cdn ddn ban tm ydu edu bang tofing 

tft phia SS. 

Vide tuong tu tiong co ehd phdn dinh bang tofing 

toeo hudng len cua WiMax va GPON da tao didu 

Mpn toudn lpi eho vipc toi uu hda hieu sudt phdn 

dinh bdng tofing tdng toe tiong toan bfi he todng 

mang tich hpp, dde bidt khi sft dung Mdn trftc mang 

tich hgp da tang. 

KHA NANG BAG yi 

He todng tich hpp WiMax va GPON co the chua rat 

nhidu micro-cell WiMax. Mfit vi du don gian dupe 

chi ra trong Hinh 3, ed ddn 28.672 micro-ceU dupc 

gan kdt tiong mfit he todng tich hgp tich hop. Hon 

nfta, ttong moi micro-ceU lai cd mot sd luong ldn 

nhiing ngudi su dung toud bao WiMax edn duoc 

phuc vu. Chinh vi tod, dfii vdi mfit he todng tich 

hop, mfit su cd nghiem ttgng nhu OLT trung tam 

khfing hoat dfing hay dftt Udn kdt giua OLT va bfi 

chia quang co toe Iam gian doan dich vu eua tdt ca 

nhung ngufii dftng ttong hd todng. Do do, kha nang 

bao ve la mot van dd rat quan ttong ttong hd toong 

tich hpp GPON va WiMax. 

Ddi vol Mdn trftc tich hpp, chung ta chft ydu xem 

xet nhiing su cd do dut sgi quang (bdi vi xde sudt 

xay ra tuong dfii eao). Nhu chi ra ttong Hinh 4, efi 2 

Mdu dftt soi quang. Kidu ddu tien la dftt spi Uen kdt 

gifta OLT trung tdm va bfi chia quang. Kidu toft hai 

la dftt soi Uen kdt gifta bfi chia quang va ONU-BS. 

Noi ehung, su ed dftt soi quang toft nhdt nghifim 

ttpng ban vi no ngat ket ndi eua tdt ca cac ONU-BS 

tft OLT trang tam, do do lam gian doan toan bd dieh 

vu eua ngudi dung. 6 loai su ed dftt sgi quang tou 

hai thi ehi anh hudng den mdt nhom ngudi su dung 

Hinh 4: Kh^ n^ng bSo vfi oia h0 thdng tmy nhap tich hop 
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toudc ONU-BS bl mat kdt 

ndi. 

Ddi vol mdl Mdu diit spi 

quang khac nhau, ngudi 

ta se su dung eac ea w 

chd bao vd khac nhau. 

Trong tradng hpp ddu 

tien, dd dam bao ydu td 

Mnh td, ngudi ta se todn 

khai thdm mdt spi quang 

backup etmg vdi sgi ddu 

tien nhu ttong Hmh 4, 

ndu nhu soi dau tien bi dftt, sgi backup se cfi nhidm 

vu tmyen tai luu lugng cfta tdt ca ngudi dftng. Day la 

eoehebaovd 1+1/1:1. Vi soi backup dupe sudiing 

cho tdt ca ngudi dftng ttong hd thdng tich hop nen 

chi phi binh qudn cho mdi ngudi dftng khi todm sgi 

toft hai ndy la chdp nhan dupc. 

Tuy nhien, ddi vdi tradng hpp dirt soi toft hai, vide 

tndn khai CO chd bao ve 1+1/1:1 ed tod Id kha tdn 

kem vi chi co mdt nhdm nhd ngudi dftng cftng su 

dung sgi quang ndi tft bd chia quang ddn ONU-BS. 

Hon toe nfta, ndu tinh cho ca he todng tich hpp 

thi chi phi nay se dfii ldn rdt nhidu. Tuy nhidn, 

dua tten Mdn true tich hgp, mgt giai phdp hdp ddn 

dupe todng qua, ttong dd su dung Uen kdt vd tuydn 

WiMax diem - diem gifta nhiing tram gde WiMax 

ldn can de touc hien khdc phuc su cd khi soi quang 

bl dftt. Khi soi quang giua bd chia va ONU-BS bi dftt, 

ONU- BS cd thd ehuydn tidp du Udu ngudi dftng cua 

minh eho cac tram WiMax gdc ldn cdn qua Uen kdt 

vd tuydn diem - diem. Sau dd, cac ttam gdc WiMax 

ldn can tiep tuc chuydn tidp dft Udu ngudi dung ddn 

tram tmng tam. Day la mdt ky thuat bao ve ducre du 

Mdn se ed gia thanh todp va phu hpp vdi loai dftt 

gdy soi quang thft hai. 

KET LUAN 

Vide su dung mdt 

mang GPON de kdt ndi 

nhidu WiMax-BS dd md 

ra mfit hudng phdt trien 

mdi eho mang trqy nhap 

bang rfing, dae bi0t khi 

tich hop toem cdng 

nghd lOG GPON, tao ra 

Mdn trftc tich hpp da 

tang. Su hpp nhat nay 

0up hidn touc hda su 

hdi tu giua di ddng vd cd dinh, dem lai nhieu lgi 

ich cho nhd cung cdp dich vu cung nhu ngudi diing. 

Trade hdt, su hpp nhat eho phep touc hidn hi$u qua 

viee phdn bd bang thfing va ldp hch gdi, 0ftp dat 

dugc hidu suat su dung bang thfing vd ho tio QoS 

tdt hon. Ngoai ra, su hcrp nhdt ed tod don gian hda 

van hanh mang ddc bidt ttong boat dfing ehuydn 

giao. Hon the nua, su hpp nhdt tap ra mdt mang tray 

nhdp dap ftng ydu edu efta eon ngudi hien tai cftng 

nhu tiong tuong lai: cd kha ndng tiao ddi todng tm 

mpi Ifte moi noi vfia ydu cau bang todng gdn nhu 

khdng han ehd. 
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