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Tom tat:

Hién nay, mang 4G LTE dang duwoc trién khai réng rdi nhanh chéng trén thé giéi ciing nhu & Viét
nam. Cong nghé LTE ra doi dwa mang di dong tro thanh mang hoi tu IP hoan toan, nang kha nang truy cap
dir liéu voi t6c do lén dén hang tram Mb/s da dem lai cho nguoi dung mot mang bang réng thuc sy moi lic
moi noi. Cong nghé LTE, dwoc phat trién trén nén tang IP hoan toan, phuc vu cho cac dich vu VOIP, video,
streaming, internet bang rong. Khi o 16p truy nhdp ciia LTE ¢6 nhiém vu dam bdo va kiém sodt chat hrong
dich vu (Q0S), nham phdn bé tai nguyén hop Iy va t6i wu cho nguoi dimg, véi kha nang truy cdp cdc dich
vu v6i dé tré thdp nhat, bang thong réng nhdt cé thé. Bé lap lich dwoc sir dung trong 16p MAC trong giao
dién vé tuyén la thanh phan quan trong thue hién chite nang nay, trong dé ky thudt lap lich la thanh phan
ot 16i ciia né. Dudi ddy sé trinh bay két qua danh gid cdc ky thudt lap lich trong mang 4G LTE, gép phan
duea ra viée lwa chon gidi phép giao dién vé tuyén téi wu nham ndang cao QoS.

Tir khoa: 4G LTE, Lap lich, QoS, Thong tin di dong.

1. Dit van dé

Cong ngh¢ LTE (Long Term Evolution)
duoc chip nhan 1a cong nghé di dong thé hé thu 4,
hd tro toe d6 dit liéu 1én t6i 100Mb/s duong xubng
va 50 Mb/s duong 1én hién dang dugc trién khai
nhanh chong trén thé gidi ciing nhu & Viét Nam [1,
2, 3] Dbi véi cac mang di dong dang trong qua trmh
trién khai th1 viéc dam bao chat lugng dich vu van
con nhiéu van dé phai giai quyét ca trong khau quy
hoach 1an truy nhap mang [4].

Lop truy nhdp ctia mang 4G LTE c6 nhiém
vu kiém soat va dam bao chit lwong dich vu cung
cap. BO lap lich voi ki thuat lap lich 1a cbt 16i,
duoc sir dung trong 16p MAC giao dién vé tuyén
la thanh phan quan trong dé thyuc hién chiic ning
nay [5, 6]. Ky thuat 1ap lich da dugc phat trién
nhiéu trong mang Internet bing rong nhu NS (New
Scheduling), RR (Round Robin), MM (Maxmin),
Best CQI, (MT) Max Throughput, PF (Proportional
Fair),... [8, 9, 11]. Khi 4p dung vao mang di dong
bang rong c6 nhiéu diém khac biét nhu anh huong
ctia cac thong s SNR, phan b Anten, phian bd
eNodeB, khoang cach UE (User Equipment) dén
NodeB,... Bé ap dung tot k§ thuat 1ap lich trong
mang 4G LTE can nhiéu thong tin nhu théng lwong
hién tai, thong lwong twong lai, b tri mang ludi, vi
tri dia ly, dic diém va théi quen truy cap cua khach
hang, kha nang ctua duong truyen kha nang xu ly
eNodeB,... [10, 12]. Véi nhiéu yeu t duogc liét ke
nhu vy cho thdy, viéc ap dung k¥ thuat 1ap lich rat
quan trong, anh huong nhiéu dén hé thng va ca
nguoi dung. Do d6, viée nghién ctru vé cac ki thuat
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1ap lich trong hé thong thong tin di dong 4G LTE &
16p MAC trén giao dién vo tuyén, nham ning cao
chét luvong dich vy la vAn d& can duoc quan tam.
Dudi day s€ xem xét, danh gia mot s6 thuét toan lap
lich dién hinh trong mang 4G LTE.

2. Panh gia cac ky thuat 1ap lich trong mang 4G LTE

Trong phan nay, cac md phong mirc do lién
két duoc thuc hién dé danh gia két qua cua cac thuat
toan lap lich duong xubng. Cac kich ban khac nhau
vé phuong phép 1ap ké hoach, hé théng truyén dan
anten, cac mo hinh kénh va sb lugng cta nguoi sit
dung dugc phan tich va danh gia. M6 phong dugc
thuc hién bang chuong trinh LTE System Level
Simulation trén nén Matlab [7].

Bang 1 tom tit cac thiét 1ap mo phong thiét
yéu va cac thong sb duoc sir dung cho cac kich ban
mo phong khac nhau.

Bang 1. Cdc théng sé thiét lip mé phong

Tham s6 Gia tri

Sé nguoi st dung | 1, 10, 25, 50 va 100

S6 lugng tram gbc | 1

Bang thong 20MHz

Loai kénh Cho nguoi di bo B vadixe A

Chidu dai  mo | 100 TTI (Transmission Time

phong Interval)

Thuét toan 1ap lich | Round Robin, New
Scheduling va Best CQI

Hé thdng truyén
dan antenna

SISO, MIMO (2x2) va
MIMO (4x4)
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Céc két qua mod phong dwoc dua ra dudi
dang biéu d6 nham biéu dién mot cach twdng minh
nhét sy thay ddi ctia thong lugng theo SNR (Signal
to Noise Ratio) qua viéc thuc hién cac thuat toan
1ap lich khac nhau trong cac kich ban khac nhau [4].

2.1. Kich bén 1

S6 nguoi sir dung 1a 1; bang thong 20MHz;
thoi gian mo phong 1a 100 TTI; cac hé thong truyén
dan antenna SISO va MIMO.

Truong hop 1: Ap dung thuat toan NS cho
két qua trén Hinh 1 ddi voi loai kénh B va két qua
trén Hinh 2 dbi véi loai kénh A.

Céc biéu dd hinh 1 va 2 moé ta thong lugng
st dung cho cac hé thong truyén dan antenna khéc
nhau. Ta nhan thay ring thong lugng cua hé thong
SISO 1a thap hon so v&i cac hé thing MIMO va
thong lugng cua hé théng MIMO (4x4) 1a cao nhét.
Diéu d6 cho thiy rang, hé thong truyén dan c6 sd
antenna 16n hon sé€ cho thong luong 16n hon. Thong
lugng s& ting 1én khi SNR ting va c6 thé dat t6i da
toi 115 Mb/s tng véi loai kénh B va 120Mb/s ung
voi loai kénh A.
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hop 1 kich ban 1 voi logi kénh A
Truong hop 2: Ap dung thuat toan RR; Két

qué dua ra trén Hinh 3 ddi véi loai kénh B va trén
Hinh 4 d6i véi loai kénh A.
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Hinh 3 va 4 hién thi cac mdi quan hé giita
SNR va thong lugng st dung cho cac hé thong
truyén dan antenna khac nhau. Cac két qua trén biéu
dd hinh 3 va 4 ciing cho thdy, thong luong cua hé
thong SISO thap hon ctia cac hé thong MIMO (2x2)
va (4x4). Két qua ciing chi rat rd rang, thong luong
ctia h¢ thong MIMO (4x4) cao hon khoang 2 lan
so voi thong lugng cua hé thong MIMO (2x2) va
thong luong cta hé thong MIMO (2x2) ciing cao
hon so v6i thong luong cua hé thong SISO khoang
2 lan. Trong truong hop nay, théng lugng 6 thé dat
toi da 42 Mb/s véi ca 2 loai kénh B va A.
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Hinh 3. Quan hé SNR va thong lwong trong triong
hop 2 kich ban 1 voi logi kénh B
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Hinh 4. Quan hé SNR va thong lwong trong truong
hop 2 kich ban 1 voi logi kénh A

Truong hop 3: Ap dung thuat toan Best CQI
cho két qua nhu Hinh 5 ddi véi loai kénh B va két
qua trén Hinh 6 doi véi loai kénh A.
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Hinh 5. Quan hé SNR va thong lwong trong truong
hop 3 kich ban 1 voi logi kénh B
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Hinh 5 va 6 biéu thi quan h¢ giira SNR va
thong luong sir dung cho cac hé thong SISO va
MIMO. Mot lan nita ta lai thay rang, thong lugng
ctia h¢ théng MIMO (4x4) cao hon khoang 2 lan so
v6i hé thong MIMO (2x2) va cao hon 4 lan so voi
hé¢ thong SISO. Thém nita, thong lugng ting theo
SNR va c6 thé dat gia tri toi da 1a 121Mb/s véi loai
kénh B va 120Mb/s voi loai kénh A.
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Hinh 6. Quan hé SNR va thong luong trong truong
hop 3 kich ban 1 vai logi kénh A

2.2. Kich ban 2

Nhiéu ngudi st dung; bang thong 20MHz;
thoi gian mo phong 1a 100 TTI; hé thong truyén dan
antenna SISO.

Truwong hop I: Ap dung thuét toan NS cho
két qua mo ta quan hé gitta SNR va thong luong
nhu trén Hinh 7 (d6i v&i loai kénh B) va Hinh 8 (d6i
véi loai kénh A).
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Hinh 7. Quan hé SNR va thong lwong trong trirong
hop 1 kich ban 2 voi logi kénh B

Tir do thi hinh 7, 8 c¢6 thé thiy ring thong
lwong cua t& bao cho cac nhom ngudi ding khac
nhau (10, 25, 50 va 100) tang ti 1¢ vdi SNR. Thong
luong trong truong hop nay cao hon thong luong
trong truong hop thuat toan 1ap lich 1a RR va dat gia
tri toi da la 35Mb/s v6i loai kénh B va 36Mb/s voi
loai kénh A.
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Truong hop 2: Ap dung thudt toan RR cho
két qua mo ta quan hé SNR va thong lugng nhu trén
Hinh 9 (d6i v6i loai kénh B) va Hinh 10 (d6i véi
loai kénh A).
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Hinh 9. Quan hé SNR va thong luwong trong truong
hop 2 kich ban 2 voi logi kénh B
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Hinh 10. Quan hé SNR va thong liwong trong truong
hop 2 kich ban 2 voi logi kénh A

Hinh 9, 10 cho thiy, thong lwong tmg véi s6
luong khéac nhau cua nguoi str dung (10, 25, 50 va
100) 1a chénh léch khong dang ké. Pbi voi truong
hop cta 10 ngudi sir dung mdi ngudi ding c¢6 thé
dugc sép xép 10 lan. Truong hop c6 20 nguodi st
dung, mdi ngudi dung c6 thé duoc sip xép 5 lan.
Trudng hop c6 50 ngudi dung, mdi ngudi dung cd
thé duoc se‘ip xép 2 14n va néu ¢6 100 nguoi su dung,
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mdi ngudi ding c¢6 thé dugc sip xép mot lan. Do
1a 1y do tai sao thong luong cho céc thiét 1ap khac
nhau ctua nguoi st dung la chénh 1éch khong dang
ké. Thong lugng tdi da trong truong hop kénh B va
A déula 12 Mb/s.

Trieong hop 3: Ap dung thuat toan Best CQI
cho két qua mé ta quan hé SNR va thong lugng nhu
trén Hinh 11 (ddi v6i loai kénh B) va Hinh 12 (d6i
voi loai kénh A).
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Hinh 11. Quan hé SNR va thong lwong trong trircong
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Hinh 12. Quan h¢é SNR va thong luong trong trucong
hop 3 kich ban 2 voi logi kénh A

Hinh 11, 12 thé hién rd, thong luong gan
nhu 13 bang 0 trong dai gia tri SNR tir 0 dB dén
10 dB. Diéu nay 1a do cac diéu kién kénh rit x4u
cho moi ngudi st dung. Tir 10 dB tré di co thé
thiy rang, thong lwong nhanh chong ting 1én theo
SNR do kha ning tim thdy mét ngudi dung véi CQI
(Channel Quality Information) cao hon trén mot RB
(Resource Block) nhat dinh. Thong luong di dong
t6i da trong truong hop nay 1a 45Mb/s v6i loai kénh
B va gan dat 45Mb/s v6i loai kénh A.

2.3. Kich bén 3

Nhiéu ngudi st dung; bang théng 20MHz;
thoi gian mo phong 1a 100 TTI; hé thong truyén dan
antenna MIMO (2x2).

Truwong hop I: Ap dung thuét toan NS cho
két qua mo ta quan hé SNR va thong lugng nhu trén
Hinh 13 (ddi v6i loai kénh B) va Hinh 14 (d6i voi
loai kénh A).
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Hinh 14. Quan hé SNR va thong luong trong trieong
hop 1 kich ban 3 voi logi kénh A

Truong hop 2: Ap dung thuat toan RR cho
két qua mo ta quan hé SNR va thong lugng nhu trén
Hinh 15 (d6i véi loai kénh B) va Hinh 16 (d6i véi
loai kénh A).

Tir d6 thi hinh 15, 16 cho thay, thong luong
trong cac thiét 1ap khac nhau ctia nhom nguoi sir
dung (10, 25, 50 va 100) 1a gan giéng nhau. Ta biét
rang c6 100 RBs trong bang thong 20 MHz nén dbi
voi trlmng hop co 10 ngum sir dung thi mdi ngudi
dung c6 the duoc sép xép 10 lan kh1 ¢6 20 nguoi str
dung, mdi nguoi co the duoc sap xep 5 lan; khi c6
50 nguoi stir dung, mdi ngudi o thé dwoc dy kién 2
lan va néu ¢6 100 nguoi sir dung, mdi ngudi dung
chi co thé dugc sap xép mot 1an. Trong trudng hop
nay, thong luong tdi da khoang 22 Mb/s dbi véi ca
2 loai kénh B va A, cao hon trudng hop hé thong
SISO di trinh bay & kich ban 3 khoang 2 lan.
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Hinh 15. Quan hé SNR va thong lugng trong trueong
hop 2 kich ban 3 voi logi kénh B
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Hinh 16. Quan hé SNR va thong lwong trong trircong
hop 2 kich ban 3 voi logi kénh A

Trieong hop 3: Ap dung thuat toan Best CQI
cho két qua mé ta quan hé SNR va thong lwong nhu
trén Hinh 17 (d6i vdi loai kénh B) va Hinh 18 (d6i
v6i loai kénh A).

Hinh 17, 18 cho thdy, quan hé giita thong
lwong va SNR gidng nhu truong hop 2 & kich ban
3 nhung thong luong tbi da trong truong hop nay 1a
84 Mb/s dbi voi loai kénh B va 75Mb/s ddi vai loai
kénh A, cao hon so véi truong hop 2 ¢ kich ban 3
(hé théng SISO) 2 lan.
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Hinh 17. Quan h¢é SNR va thong luong trong tricong
hop 3 kich ban 3 voi loai kénh B
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Hinh 18. Quan hé SNR va thong luong trong trircong
hop 3 kich ban 3 voi logi kénh A

Tai liéu tham khao

Nhdn xét: Qua cac kich ban mé phong ky
thudt 1ap lich trinh bay & trén c6 thé nhan théy réng,
ky thuat Best CQI c6 thong lwong cao nhit so véi
NS va RR. Céc két qua mo phong ciing minh chiig
13 hé théng MIMO cho phép ting cong suat va dung
lwong hé thdng so véi SISO.

Tuy thudc vao muc tiéu cta bai toan thiét
ké ma ta ¢6 thé chon thuat toan 1ap lich cho hop 1y
dé cai thién thong luong, sy cong béng hoac ca hai.
Néu vu tién thong luong ta c6 thé chon thudt toan
Best CQI hodc thudt toan NS. Nhung néu vu tién su
cong bang thi ta nén chon thuat toan NS hoic RR.

MIMO 1a mot trong nhiing cong nghé gitp
cho viéc tang thong lugng. Céc k¥ thuét tién tién va
phirc tap hon ciing ¢6 thé duoc thiét ké voi muc tiéu
nay. Moét trong nhitng ky thudt nay la dat mot relay
giita tram gbc va tram di dong.

3. Két qua va thio luin

Trong khu6n kho bai béo ciing chi méi trinh
bay cac phan tich va danh gia cta 3 ky thuat lap
lich 1a NS, RR va Best CQI. Qua cac phan tich cac
két qua mo phong & trén vé thong luong va SNR
cua tung cell va tung UE (User Equipment) theo
cac thuat toan khac nhau va két hop véi mot s6 két
qua khéc [10, 11] ta c6 thé rit ra két ludn: viéc dam
bao d6 cong bang két hop giam thiéu 18i goi thi
cac k¥ thuat Maxmin va PF cho két qua t6t, con
RR chi dam bao cong bang don thuin vé thoi gian
truy nhap ctia UE nhung khéng quan tdm 16i BLER
(Block Error Rate). V& thong lwong thi cac k§ thuat
MT va Best CQI l1a cao nhit ddi vai cell ciing nhur
UE, nhung khéng c6 d6 cong bang giita cac UE. Vi
thé, qua danh gia cac ky thuat lap lich, c6 thé dua ra
céc xép hang nhu sau (theo thir ty tir tot nhét):

- Vé thong luong: Best CQI, MT, PF, MM,
RR;

- V& do cong bang: Maxmin, PF, RR, MT,
Best CQL.

- Téng hop cac thong sé vé cong bang, thong
luong va BLER: PF, MM, Best CQI, MT, RR.

Qua céac danh gia trén ta thiy rang, viéc dam
bao QoS cua mang 4G LTE dya trén ky thuat lap
lich ¢6 nhiéu thuét toan khac nhau véi chét lwong
va do phtic tap khac nhau. Do d6 can cin ctr vao
yéu cau thuc té vé chit lwong dich vy, thong sb ky
thuat va chi phi trién khai ma luya chon thuét toan
cho phu hop.
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ANALYSIS AND EVALUATION OF THE SCHEDULES TECHNICAL TO
ENSURE QUALITY OF SERVICE FOR 4G LTE NETWORK

Abstract:

Currently, The 4G LTE networks are being deployed widely, and quickly in the world as well as in
Vietnam. LTE technology has made mobile networks a complete IP convergence network, data access speed
capability up to hundreds of megabits per second, giving users real-time broadband access at any time
and any where. LTE technology, developed on a complete IP platform, serves VOIP, video, streaming and
broadband internet services. The LTE access layer is responsible for securing and controlling the quality
of service (QoS), in order to allocate resources reasonably and optimally to the user, with access to the
services with the lowest latency, and the most Broadband as possible. The scheduler used in the MAC layer
in the wireless interface is an important component of this function, where the scheduling technique is a
core component of the scheduler. The paper is find the results of assessment of scheduling techniques in 4G
LTE networks, contributing to the selection of optimal radio interface solutions to improve QoS.
Keywords: 4G LTE, Schedule, QoS, Mobile Information.
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