
Bii bio gidi thi$u m0t md hinh m^ng tmy nh$p 

mdi, m$ng tmy nh$p bing r^ng tich hop NG-PON/ 

LTE-Advanced vdi thinh phin quin ly tia nguy&n 

vd tuySn ONU-eNB vi ca chd loopback trong mang 

quang thu dCng, giup cii thi6n hi$u su^t mang, 

glAm chi phi cho nhi dSu tu cdng nhu n&ng cao 

QoS cho ngudi dimg. 

GI61 THl |U CHUNG 

Md hinh mgng tmy nhap bang rOng tich hop 

quang - vO tuydn la mO hinh kdt hop giQa mang 

tray nhdp quang thy dOng, co dung lupng tray nhap 

cao, chdt lupng On dinh voi mOt hoac mOt vai mang 

tray nhdp khdng day, cd dung lupng tmy nh$.p thap 

hon, dd On dinh khOng eao nhung I91 mang tinh di 

dOng. MO hinh tmy nhap nay giiip ngudi diing cd 

thd dam bdo tray nhap dtt lidu mpi lilc, mpi noi vdi 

tde do eao. Hon nOa, cac dae didm bd sung eho nhau 

cQa chiing 0iip nhd eung cdp khai thac tOi da cac 

nguOn tai nguyOn cQng nhu gidm ehi phi gia thanh. 

Bai di$n tiOu bidu cua mO hinh nOy Id EPON-WiMax 

vOi thanh phdn tich hpp ONU-BS [1]. 

Tuy nhifin, ciing vOi sy phat tndn eua cOng nghO 

va thdi gian, nhu edu chdt luong djeh vy QoS (Quality 

\ of Service) cua ngudi diing ddu cuOi trong hO thdng 

mang ndi chung va mang di ddng ndi ri^ng ngay 

cang tang cao. Nhiing ngudi dimg ndy cd xu huOng 

mong muOn khd nang tray nh^p Internet tCr cac 

thidt b; di dOng thOng minh eua hp tang lOn. Khdng 

nhihig thd ho eOn muOn cac thidt bi nhu tQ l^nh, 

TV hay may 0at cua hp thdng minh hon vd ddc 

biet chiing cd khd nang kdt ndi Internet dd trao dOi 

thOng tin vdi nhau... Vi vay, nhiing cOng nghO mdi, 

nhung mO hinh mdi ra ddi. 

Ddu tiOn, dd giai quydt yOu edu gla tdng luu lupng 

cua ngudi dimg di ddng, edng nghO 4G ra ddi vdi dai 

dien tlOu bidu LTE Advanced voi khd nang download 

3 Gbps, upload 1,5 Gbps, hlOu sudt phO cao hon, 

tang sd lupng thuO bao dang hoat ddng cimg mOt 

luc, cai thiOn hiOu sudt biOn, ddp img nhu edu tmy 

nhap khdng day cua nguoi dimg. Tuy nhiOn, dd 

dam bdo dupe cdc kha nang trOn, LTE Advanced 

yOu edu Idn vd mat luu lupng ddi vdi mang traydn 

ddn di dOng (mobUe backhaul - MBH). Gia thinh 

dd tridn khai lap dat MBH lOn lam dOi thOm chi phi 

tdng cOng cho vide tridn khai cOng nghd rat nhidu. 
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Hinh 1: M6 hinh mgng tmy nh$p tich hgp NG^ON- LTE {21. 

Vi vay, gidi phap tray nhap quang - vO tuydn v5n 

dupe dp dung nhung dupe nang lOn mOt buOc phat 

tridn moi. Dd la mO hinh tich hpp tmy nhap quang 

thd hO mOi (NG-PON) va LTE (Hinh 1]. 

Mang tmy nhap quang thu dOng dua trOn ndn 

mang tmy nhap FTTx dupe phat tndn d hdu khdp 

cac qudc gia tr6n thd giOi, trong dd cd Vi$t Nam 

vOi hai dai di$n UOu bidu la cdng ngh$ PON gigabit 

su dung ghep kOnh phan chia don theo thdi gian 

(TDM) va EPON. Vdi su phat tridn nhanh chdng va 

khOng ngimg ciia ca luu lupng khOng day va ed day, 

dd dap ling dupe y6u edu vd bang thOng, khOng chi 

cO su phat tridn vupt b$c cua cdng nghO tmy nhap 

khOng day vdi LTE va LTE-advanced, cOng nghO 

tmy nhap quang cOng ed mot buOc tidn mdi. Dd la 

tray nhap quang thd hO mdi NG-PON vdi khd nang 

tuong thich voi cd hai hO thdng EPON va GPON tmdc 

dO, nhung bang thOng tang lOn rdt nhidu [2]. 

Phdn ndp theo cua bai bao se gidi thi$u cac 

mO hinh Mdn tnic lai ghep tich hpp NG-PON/LTE 

Advanced. Trong dd ede ONU cua NG-PON va eNB 

ciia LTE Advanced duoe tich hpp vao mOt thidt bi 

duy nhdt. 

KIEN TRUC MANG TRUY N H A P BANG 

RpNG TICH HOT NG-PON/LTE-A 

KiSn true t(ch h^p 

Cd hai phuong phap chinh dd tich hpp hai eOng 

nghd tmy nhap quang va khOng day lai vdi nhau. D6 

la Radio over Fiber (RoF) va Radio and Fiber (R&F|. 

Trong phuong phap RoF, cac tin hiOu vO tuydn duoc 

didu chd M\}c tidp vao sOng mang. Trong phuong 

phap R&F, tich hpp dupe thd hiOn 6 lop 2 va Idp 3, 

do dd ed hai kidn trie khac nhau. Mdt la kidn tnic 

dpe Idp, theo dd cdc ONU va eNB kdt nOi vdi nhau 

theo mOt giao diOn Ethernet chung Hai la kidn tnic 

tich hop (Hinh 2), theo dO cho phep tich ..op ca 

phdn Cling va phdn mdm eua ONU va eNB \ ^ _, eung 

mdt thidt bj duy nhdt gpi la ONU-eNB voi hat dana 
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Hinh 2: K161 tnjc tich hgp NG-PONA.TE-A (a) topo hinh sao, (b) topo mach viing [3]. 

topo: hinh sao hoae mgch vOng [3]. 

Trong kidn tnic nay, kidn tnic NG-PON dgng ciy 

hodc m^ch vOng dupe su dî ng Id nguOn traydn ddn 

di dOng ciia LTE Advanced. ONU-eNB kdt ndi voi 

mOt OLT thOng qua mOt bO chia thu dOng 1 :N va 

mil OLT kdt ndi vdi mgng 151 LTE Advanced. Vi mdt 

cdng S-GW cO khd nang xu ly mOt sd luong Idn eNB 

nOn mOt vai OLT cd thd dupe kdt nOi vdi mOt S-GW 

(Hinh 3). MOt trong nhiing Ipl thd eiia kidn tnic ndy 

dd la thOng tin l^p lich va phan bO tai nguyOn dupe 

chia sd giua ONU vd eNB, didu nay giiip eai thiOn 

dang kd hiOu sudt. Bang thdng dupe phan bd boi 

OLT ddn ONU-eNB cdn phai dupe phan bd gifta cac 

kfinh mang UE. Tuy nhiOn, bang thdng nhan dupe 

tai ONU-eNB thay dOi bdt ky trong mdi ehu ky phOn 

bd bang thdng. Cd thd no se nhan dupe it hon luong 

cdn thidt, vi vay cdn phai bu dap thidu hut bang mdt 

bO lap Ueh LTE dudng lOn nam trong ONU-eNB thi 

mdi dam bao y6u edu QoS. 

0LT#1 OLT #2 . , 
passive N 
splitter 

MME: Mobility nfianagement entityX 
OLT: Optical line terminal 
ONU-eNB: Integrated ONU-eNodeB 

Hinh 3r Phan tich Iti&i tmc tich hpp [41. 
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)^: Uplink wave length 
J^: Dovwnlink wave length 

Hinh 4: KiSn tnic iai ghep ioopback [41. 

Ki£n true tich hap 

sopback 

KlSn tiilo tich hop 

Dopback duoc coi 14 

) ^ nang cSp cua ki6n 

ric tich hop (Hinh 

I). KiSn tnic tich hop 

oopbaclt sij dung mOt 

:o ch^ loopback tai bO 

:hia thu ddng. Nghia 14 

ill li0u duiing 16n sau 

khi gia tit met OMU-eNB 

iuoc l$p lai tai bfi chia 

thu dOng tin tSt ca cac 

ONU-eNB khac m4 co 

otag kft nSi viSi spUttei. Co cb6 n4y d5 d4ng duoc 

thuc hi$n bSng c4ch su dung mOt bO chia thu dOng 

|N+l|x|N+ll. BlSu guan trong 14 kiSn trie cua bO 

chia n4y khSng 14m thay ddi tinh chSt thu dOng ciia 

mang [4]. 

Uu di^m cua WSn trie n4y 14 kh4 n4ng h6 tro trac 

tiSp 0ila c4c ONU-eNB CO kft ndi chung vol mOt OLT. 

Trong Mdn tnic loopback, luu luong giOa c4c ONU-

eNB khdng cin phSl di qua OLT nhu 14 cac kidn tnic 

duoc trinh b4y a phin trdn. Til gdc nhin kidn trie 

LTE, c4c tin hidu chuydn vimg Ihandoverl giua c4c 

eNB 14n cjn eb thd duoc chuydn mi5t c4eh hidu qua 

Uplink packets 
hark to 0NU-eN8 

3 0 

" Xo ONU-eNBi 

>-u ONU-eNB#/V 

thdng qua SC bdng each 

tao ra giao didn X2 tuan 

thu cac tiOu chudn c4a 

LTE. Do dd, trd bdi luu 

lupng chuydn vdng ed 

thd dupe 0am bat, tit dd 

nang eao hidu sudt tdng 

thd mgng. Hem nOa, 

kidn trie ndy cdn Idm 

tang dung lupng dudng 

xuOng, bdi vi luu lupng 

0ao diOn X2 cQng nhu 

luu lupng cia bdt cu 

ONU-eNB ndo eung cd 

thd dupe truydn qua SC 

(spi cap quang ndi thOm) ma khdng cdn tOn bang 

thOng dudng xuOng. 

D A M BAO QoS T R O N G MANG T I C H 

H O P 

Ddm bdo QoS la mOt trong nhtag thach thiic eua 

mang tich hop NG-PON/LTE Advanced. Theo dd mOt 

su kdt hpp gifia phan ciing va phdn mOm, giiia hai 

cdng nghd LTE Advanced vd NG-PON cdn phai dupe 

xem xOt ky ludng vdi thanh phdn mdu chdt la thiOt 

bi tich hpp phdn ciing vd phdn mdm ciia NG-PON vd 

LTE Advanced |Hinh 5). Trong dO, ba modun didu 
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khien chinh eua ONU-eNB, bao gdm: modun didu 

khidn ONU, modun didu khidn eNB va modun didu 

khidn chung. 

Mdi modun se ed mOt CPU didu khidn bOn trong. 

Giao diOn modun ONU vdi phdn PON se chay giao 

thiic NG-PON, giao diOn modun eNB cua LTE A sS 

chay cac giao thiie LTE A. Giao didn modun chung 

sO qudn ly va didu phOi cde nguOn tai nguydn 

quang, vO tuydn chung. Tai day nO eflng thuc hiOn 

cdc thuat toan DBA va lap lich gOi thich hop. Modun 

ONU va eNB gui eac trang thai hang doi, yOu edu 

bang thdng ciia chiing den modun chung. Dua trdn 

cdc thOng tin nay, modim chung dua ra cac quydt 

dinh phan bd tai nguyOn ddn ONU vd eNB mOt each 

tdi uu. Cu thd, modun didu khidn ONU bao gdm cac 

chOe nOng lap lich gdi EPON, uu tlen hang dpi va 

phan loai cac gdi tin. Tuong tu nhu vay, modun LTE 

thuc hiOn chiic nang dnh xa (inh xa bearer UE ddn 

dudng hdm di dOng), phan loai goi eNB. va lap lich 

duOng lOn LTE A. Cudi cimg modun chung co ehire 

nang thidt lap dnh xa. QoS gitta EPON vd LTE A, kidm 

soat nghOn, cQng nhu tich hop DBA, phan bO tOi 

nguydn va ehia sd cac 0ao thiic va thuat toan. 

Dd ddm bdo QoS trong truOng hpp bSng thdng 

eung cdp eho cac eNB trong mOt chu kj 10 khdng 

du thi (Fonseca June 2014) phuong phap su dung 

thOng tm truyen ddn di ddng (backhaul Information) 

dd bO lap lich LTE tiiy chinh sao eho dam bao QoS 

[5]. Theo dd mOt nhOn td C(}c) duoe gidi thidu: 

Gatsjk) 
C(k)-

Eeport(k-\) 

Vdi OafeC*) la sd byte duoe cdp phat eho mOt 

ONU-eNB bOi mOt OLT trong ehu ky thii k vO 

RepoTt(k - 1) la sd byte yOu edu cua ONU-eNB trong 

chu ky thii (k-1). Khi C{k) bang 1 thi cd nghia la 

lidn kdt truydn ddn di ddng khdng tac nghOn vO bO 

lap lich LTE hpat ddng binh thudng. Khi CC*) nhd 

hon 1 thi Uen kdt EPON tam thOi bi tde nghen (tiie 

la thidu hut bang thOng) va cdc gia tri uu tiOn cua 

non-GBR bearers cdn phai dupe giam xuOng dd bii 

dip su thidu hut nay. cae bO lOp lich phai duoc sua 

ddi dd giam so lupng luu lupng uu tiOn du kidn khi 

tai truydn dan tang cao. Gia tri cua CQ:) cdn phai 

dupe cap nhat dinh ky (thOng thudng 10 4ms) dd 

dam bdo QoS. 

Mdt cdeh thiie khac eung giiip cai thien QoS trong 

mang tich hop la sir dung bO lap lich QoS ndn tang 

Z (Z-Based QoS Scheduler-ZBQoS) [6], [7]. Trong dd, 

su dung ham Z dd giai quydt vdn dd uu tidn bang 

thdng thay dOi eua kOnh mang. C(k:) eung duoc su 
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dung ttong bd Up Uch ZBQoS va duoc gpi 14 Hybrid 

Z-Based QoS Scheduler (HZBQoSI- Theo kdt qua 

trong [6] thi bd lap Ileh HZBQoS eung cdp t j Id trd 

rdng budc v4 dam bao tdt hem ZBQoS ngay trong 

khi mang truydn dan di ddng v4 di ddng dang trong 

trang thdi t4i ndng. 

KET LUAN 

Md hinh mang tray nh4p bang rdng NG-PCN/ 

LTE-Advanced 14 mdt su kdt hpp hoan hao, bdng 

vide s i dung NG-PON nhu 14 traydn din di ddng dd 

nhidu eNB (LTE-Advanced| kdt ndi. Lgi dvmg bang 

thdng eao cua traydn din NG-PON dd ndng tdm phu 

sdng dich vu cua LTE-Advanced. Kidn tnic mang lai 

ghdp loopback cQng nhu nhdng y tudng dam bio 

QoS dupe gidi thidu trong bdi b4o da md ra eo hdi 

diy hiia hpn cda vide tich hop hai cdng nghd mdi 

trong quang v4 khdng ddy lai vdi nhau. Mdt ONU-

eNB thdng minh cd kha ndng tu sip xdp thda thudn 

bang thdng giaa hai hd thdng sao cho chit lupng 

phue vu ngudi ddng cao nhdt cdng 14 giai phap hay 

dd n4ng cac hidu suit mang tich hpp. 
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