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Lap lich la mét trong nhitng thao tdc quan trong cua cdc tram thu phat

ong vién thong noi chung, trong mang 4G LTE ndi rleng Bai bdo nay moé td
mot thudt todn Idp lich dwa trén trdi nghiém ngwoi dung (dwoc xdc dinh
bdng md hinh E-model mé rong), nhdn thitc kénh va chdt lugng dich vu
QoS cho dich vu Gm thanh trong mang LTE hu’o'ng xuong Am thanh Ia mot
trong nhu’ng dich vu rdt nhay cdm vdi cdc tdc dong cua mang nhw tré, mat
mdt goz tin, sw bién dong cta tré v.v. Thudt todn Iap lich nay dwoc xdy du'ng
dura trén viéc stv dung mo hinh E-model mé réng va kich thuéc hang doi toi
da nhu nhitng tham s6 can thiét dé xdc dinh tham s6 uu tién. Cdc két qud
mo phdng chi ra dwgc thudt todn dé xudt khong chi théa man cdc yéu cau
vé QoS cho dich vu Gm thanh ma con vwot qua mét s thudt todn Iap lich
tiéu biéu khac nhw FLS, M-LWDE, EXP/PF vé cdc chi s6 nhw tré, thong
Iwang, chi s cong bang va hiéu qua pho Ngoai ra, thudt todn dé xudt ciing
cdi thién ddng ké'ti 1é mdt mdt goi tin dm thanh trong mang LTE.

© 2017 Trwdong Dai hoc Mo - Dia chit. Tt ca cic quyén dwoc bao dam.

1. Giéi thiéu

cia mang LTE gobm tram thu phat séng manh
(eNodeB hodc eNB) va nhitng thiét bi nguoi dung

Mang di dong LTE (Long Term Evolution)
dwoc phat trién bai 3GPP (the Third Generation
Partnership Project) (3GPP, 2017). N6 la mang di
dong co6 téc dd cao, tré dwong truyén thip va
hoan toan dwa trén mang chuyé&n mach goi. Diéu
nay c6 nghia la cai thién céng suat ctia hé thong
ké thira bang cach ting téc do di liéu va mé rong
siéu chat lwgng dich vu cho nhiéu tng dung da
phuong tién khac nhau. Cac thanh phan co ban
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(User Equipment, UE) cung v&i cong két néi (Ali
and Zeeshan, 2012). Tram eNB két hop véi mang
16i thong qua mot s6 giao thirc phirc tap chuin.
B0 lap lich géi co ban dwoc thwc hién béi nha
diéu hanh mang trong ca UE va eNB cho ca
hwéng 1én (Uplink, UL) va huwéng xuéng
(Downlink, DL). Tuy nhién theo 3GPP, khéng c6
dic ta chic chan cho ky thuat 14p lich trong mang
LTE. Mdt trong nhitng m6-dun quan trong clua
ldp lich g6i 1la RRM (Radio Resource
Management), quyét dinh nhirng UE nao sé dwoc
truyén dir liéu qua lai véi eNB. B 14p lich goi sé
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hoa hop sw cin bang gitra thong lwong cling nhw
cac chinh sach lap lich véi nhitng UE (Alasti et al,,
2010).

Trong bai bdo nay, ching t6i dé xuit mot
thuit toan 14p lich huwéng xudng cho cac dich vu
am thanh trong mang LTE véi sy xem xét vé
nhin thirc nguoi dung. Theo hiéu biét cia ching
t6i, dén thoi diém nay, trén thé gi¢i c6 mét s6 bai
bao lién quan dén dé xuat nay. Cu thé, cac tac gia
trong (Alfayly et al,, 2012) va (Alfayly et al., 2015)
dé xuit thuat toan lap lich hwéng xuéng dwa trén
trai nghiém ngwdi dung (Quality of Experience,
QoE) cho trng dung VoIP (Voice over IP) dwa trén
QoE t6i thiéu va ho téi wu so lwong UE truy cap
dén mot eNB. Trong (Nasimi et al.,, 2013), cac tac
gid dé xuat mot kich ban thiét ké 16p chéo cho
phép t6i wu dong thoi ba 16p khac nhau trong
chong giao thirc khong diy, gbm ting rng dung,

ting MAC (Medium Access Control) va ting Vit ly.

Muc dich cta bai bio d6 1a dé toi da viéc str dung
tai nguyén mang va chat lwong nhan thirc nguoi
dung. Nhitng bai bao trén dé xuat bé lap lich LTE
hwéng xuéng nhung khéng dwa trén E-model.
Bai bao gan v&i dé xuit cia ching t6i nhat dugc
trinh bay trong (Nasimi et al, 2013). Trong bai
bao do, cac tac gia dé xuat mot kich ban 1ap lich
méi cho dich vu VoIP trong mang LTE bang cach
st dung mot tham s6 wu tién la sy thdéa man cda
nguwoi dung trong bo 1ap lich cia ho. Cac tac gia
str dung E-model dé tién doan QoE va st dung né
trong s hiéu wu tién dé dwa ra quyét dinh lap
lich. Tuy nhién, trong bai bao do6, cac tac gia
khong xem xét tic ddng cua sy bién ddi tré mang
cho E-model. Hon nita, trong tham s6 wu tién cta
bo lap lich, khéng cé sw c6 mat cia kich thwéc
hang doi 16n nhit (Maximum Queue Size, MQS).
Bai bao nay mé rong y twdng trong (M. S.
Mushtaq et al, 2014) bang cich mé& rong E-
model va dé xuit xem xét MQS nhw mot tham sé
can thiét va hiéu qua dé xac dinh do wu tién trong
lap lich. Chung téi thdy rang MQS c6 tac dong
dang ké dén viéc thuc hién cta hé thdng. Trong
phin mém LTE-Sim (Piro et al, 2011), tham s&
nay dwoc ¢d dinh bang 0, nghia 1a MQS 1a khong
xac dinh, vi thé trong tién trinh 14p lich, MQS
khong dwoc xem xét. Tuy nhién trong thuc té,
MQS nén 1a mdt gia tri hitu han bdi vi néu né 1a
gia tri v0 han thi tré mang s& tang va kha ning tac
nghén mang cling c6 thé bi tang. Do d6, MQS cin
dwoc xem xét nhw mét tham sd can thiét trong

tiéu chuln wu tién cla cac thuat todn lap lich.

Phén con lai cia bai bdo nay dworc t6 chirc
nhu sau: Tong quan vé mé hinh hé théng dwoc
miéu ta trong Phan 2. Phan 3 biéu dién bo 1ap
lich dé xuat. Cac két qua mo phdéng va danh gia
thwe hién cua bo 14p lich dé xuit dwoc phin
tich trong phén 4. Két luin va huéng phat trién
dugc biéu dién trong phan 5.

2. M6 hinh hé thong

2.1. E-model

E-model 1a mo6 hinh tinh todn dwoc phat
trién va chudn héa bdi ITU-T (International
Telecommunication Union - Telecommunication
Standardization Sector) (ITU-T, 1998). N6 dwoc
str dung dé€ wéc lwong gia tri MOS (Mean Opinion
Score) cho chit lwong 4m thanh bang tan hep.
PAu ra ctia mo hinh la tham s6 R. Cac gia tri ctia R
nam trong khoang tir 0 dén 100 trong dé 100
twong ng véi mic chat lwong tét nhat, 0 twong
Urng v&i mirc chit lwong téi nhat. Sau do, tham so
nay dwoc chuyén doi sang gia tri MOS twong (rng.
Gia tri chuln cta R dwoc xac dinh theo céng thirc
sau:

R=Ry—1Is—1Iqg—Ios + A €))

Trong do:

R, - Ty 1é tin hiéu/nhiéu co ban, gbm cac
ngudn nhiéu nhw nhiéu mach dién, nhiéu trong
phong. Trong E-model, gia tri cia né dwoc xac
dinh bing 94.2.

I; - Hé s6 anh hwdng dong thoi, 1a tdng cla
tit ca cac tic dong co thé giy ra dong thoi nhiéu
hay it hon véi viéc truyén dm thanh. Trong E-
model, gid tri ngdm dinh cua né dwoc thiét lap
bang 0.

14 - Hé s8 &nh hwdng cla tré mang, biéu dién
tat ca cac tac dong do tré giy ra déi voi tin hiéu
am thanh.

Ies - Hé s6 anh hwdng cta thiét bi, biéu dién
sw méo mo tin hiéu do téc do6 bit thip ctia b6 ma
héa ngudn va nhitng mat mat géi tin do sw phan
tan ngau nhién.

A - Hé s6 nang cao, biéu dién viéc mot s6
ngudi dung c6 thé chip nhan sy gidm chit lwong
am thanh do sw di chuyén cla mang di dong
trong thuec té. Trong mé hinh nay, hé s6 nay dwoc
thiét1ap bang 0.

Trong cac hé s6 & trén, I; va Iy bi tic dong
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bé&i tré dau cudi va mat mat goi tin, twong (ng
trong khi Ry va I; khong phu thudc vao hoat dong
ciia mang. Sau khi tinh toan dworc gia tri ciia R, né
dwoc chuyén d6i sang diém s6 MOS nhw sau
(ITU-T, 1998):
MOS =
1,néuR <0
1+0,035 xR+ 7x10°xR x (R —60)
x (100 — R),néu 0 <R <100
4.5, con lai
Sau khi thiét 14p cac gia tri ngdm dinh cho
cac hé s6 cia E-model, cong thirc (1) cé thé viét
lai nhw sau:

(2)

R=942—1I;— Iy (3)

Khi géi tin 4m thanh dwgc truyén qua mang
IP, n6 bi tic dong bdi nhiéu sy suy yéu clia mang
nhw mit gdi tin, tré, sy bién déi tré v.v. D& dang
nhin thay, trong E-model, khong c6 mit cua sw
bién ddi tré mang. D€ cai thién nhan thirc nguoi
dung, chuing t6i dé xuat bo sung hé sé sw bién doi
tré mang (I) vao md hinh E-model. Do dé, E-
model c6 thé duwoc biéu dién lai theo cong thirc
sau:

R=942—1Iy—ls — 4)

Cong thirc (4) dwgce goi 1a mo hinh E-model
mé& rong. Gia tri clia R phu thudc vao tré dau cudi
(1), tong xac sudt mit goi tin (I) va sy bién doi
tré mang (I)). Do d6, dé tinh toan R, ta phai tinh
cac hé s6 nay. I;1a hé s§ chiu 4nh hwéng béi tré
dau cudi va dwoc tinh dwa trén cong thirc sau
(Olariu etal,, 2011).

Io =0.024x d+011x (d —177.3) (5

X H(d —177.3)
Trong do:
H(x) 1a ham Heavyside, dwoc xac dinh nhw
sau:
0,néux <0
H(x) = {1, ngwoc lai (6)

Trong cong thitc (5), d biéu dién téng tré dau
cudi (thoi gian goi tin 4m thanh truyén tir nguén
dén dich). N6 c6 thé duoc tinh todn thong qua
mot s6 ham trong phdn mém LTE-Sim.

Is dwoc xac dinh theo sw mait mat goi tin. D€
tinh todn gia tri ciia hé s6 nay, ching t6i str dung
cong thirc dwoc trinh bay trong (Mushtaq et al.,
2014) nhu sau:

leg =y1+y, XIn(1+y; Xe)

Trong do:

y;biéu dién hé s6 tic dong chit lwong am
thanh dworc giy ra boi b6 ma héa nguon.

Yzvaysbiéu dién tdc dong ciia mit mat goi
tin 4m thanh trén bd ma héa nguén da cho. Nhw
vAy, nhirng hé s6 nay phu thudc vao bé ma héa
nguén dwoc st dung.

Trong bai bio nay, chung téi str dung phan
mém LTE-Sim (Piro et al, 2011) d€ mo6 phong
thuat toan 14p lich d& xuit. PhAn mém nay chi hd
trg duy nhit b6 ma héa nguén G.729 d€ mod
phéng tin hiéu am thanh, do d6 v&i bd ma hoa
nay, cac hé s6 & trén cé gia tri nhw sau: y; = 11,
Y, = 40,y; = 10.

el la tong xac sudt mit goi tin, co gia tri trong
khoang ttr 0 dén 1. Hé s6 nay dworc tinh todn truc
tiép thong qua mot s6 ham va th tuc trong phan
mém LTE-Sim.

I;biéu dién nhitng tac dong ctia sw bién doi
tré mang véi chat lwong Am thanh. N6 ciing phu
thudc vao bd6 ma hda ngudn. Trong bai bao nay,
chiing t6i st dung phwong phap dwoc dé xuit
trong (Olariu et al,, 2011) dé xac dinh Iinhw sau:

=T

L= C xH*+C,XxH+C3+Cy X ek 8)

Trong do:

Cy, C3 C3, C4 12 cac hé s6; K 13 hang s6 thoi
gian. Cac hé s6 nay phu thudc vao bd ma héa 4m
thanh nguoén. Vé&i G.729, cac hé sb nay cé gia tri
nhw sau: C; =-15.5,C,=33.5,(3=4.4,(;=13.6,K
=30.

Hé s6 T la kich thwée bd dém c6 dinh cia bd
mi hoéa 4m thanh nguén. N6 dwoc st dung dé
gidm tic dong clia sy bién ddi tré mang. Véi
G.729, gdi tin dwgc sinh ra trong thoi gian 20 ms,
do d6, chiing t6i lwa chon T = 40 ms. H 1a hé s6
phan tan Pareto va nam trong khoang 0.55 dén
0.9. Theo (L. Ding and R. A. Goubran, 2003), diém
s0 MOS giam nhe khi H ting, trong bai bao nay,
chiing t6i mo6 phong bo 1ap lich dé xuat véi H =
0.6.

Sau khi thay cac gia tri vao céng thic (4),
cong thirc cudi cing dé tinh toan tham sé R trong
E-model dwoc biéu dién lai nhw sau:

R =64.28—1[0.024 xd + 0.11 X (d — 177.3)
x H(d — 177.3)] — 40 9)
—q

XIn(1+10x¢e)—13.6 Xe3

Tham s0 R sau d6 dwoc chuyén doi sang
diém s6 MOS thong qua cong thirc (2). MOS la
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mot trong nhitng tham s6 quan trong cho tiéu
chuén wu tién trong bo 14p lich dé xuat.

2.2. Cdc bé Idp lich lién quan

Gia str rang tiéu chuin wu tién dwoc gan cho
ludng dir liéu i trén kénh truyén con thir j dwoc
xac dinh boi wy;, D€ dat dwoc chi s6 wu tién, bd
14p lich luén luén cin biét téc do truyén trung
binh (R,) cta lubng I va tc dd ludng kha dung
véi UE trén kénh truyén con thit j. Cu thé, tai moi
TTI, R, dwgc wéc lwong nhu sau (G. Piro et al,
2011):

R,(k) =08 xR, (k—1)+0.2x7(k) (10)

Trong dé:

R,(k — 1): U6c lwong téc dod truyén dir lieu
trung binh tai TTI (Transmission Time Interval)
thir (k-1). 7;(k): Téc dd dwoc cip phat cho ludong
thir i trong su6t TTI thir k.

Trong cac muc con dwéi day, ching toi sé
trinh bay chi s6 wu tién ciia mét sé thut todn lap
lich noi tiéng lién quan dén bd 14p lich dé xuét,
gom: FLS (Frame Level Scheduler), M-LWDF
(Maximum-Largest Weighted Delay First) va
EXP/PF (Exponential Proportional Fairness).
Chung t6i lwa chon nhitng bo 1ap lich nay béi vi
chiing hoat dong t6t va phu hop cho cac trng
dung Am thanh trong mang LTE.

2.2.1. B6 ldp lich FLS

FLS 1a thudt toan 1ap lich 2 mirc dwoc goi la
mirc trén va mirc dwéi. Hai mikc nay riéng biét va
giao tiép véi nhau dé cip phat dong cac khéi tai
nguyén (Resource Block, RB) cho cac UE. Tai mixc
trén, phwong phap cap phat tai nguyén (dwoc goi
1a FLS) str dung ly thuyét diéu khién thoi gian roi
rac tuyén tinh. FLS dinh nghia lwong dit liéu ma
mdi ngudn 4m thanh sé truyén trong mot khung
truyén don dé théa man giéi han vé tré dudmg
truyén. Tai mc dwdi, thuit todn 14p lich st dung
phuwong phap cin bang ty 1é (PF) dé cip phat cac
RB cho cac UE tai méi TTI véi viéc xem xét cac
yéu cau vé bang thong ctia FLS dé€ ddm bao mirc
cong bang tot gitta cac lubng dit liéu Am thanh.
Cling tai mirc nay, bd 1ap lich xac dinh s6 TTI/RB
ma moi ngudn 4m thanh s& gti cac goi tin cta n.
Dé tinh toan lwong dir liéu dwoc truyén, bo 1ap
lich FLS str dung cong thirc sau:

Vi(k) = hy(k) = q;(k) (11)
Trong do:

V; (k) 1a lwong dir liéu dwoc truyén badi luéng
i trong khung LTE k

Toan tir “* 1a su trich din thoi gian roi rac;
gi(k) 12 mrc hang doi. C6 thé noéi rang V;(k)
duoc tinh todn bang cach loc tin hiéu g;(k) qua
bd loc thoi gian bit bién tuyén tinh véi dap rng
xung h; (k).

2.2.2. B6 1dp lich M-LWDF

Thuét toan 1ap lich M-LWDF dwoc s dung
dé ho tro nhiéu dich vu thoi gian thue trong cac
hé théng CDMA-HDR (P. Ameigeiras et al.,, 2004).
V&i moi ludng dir liéu thoi gian thuwe, bang cach
xem xét thoi gian tdi da 7 xac suat dwoc dinh
nghia nhw 1a xac suit t6i da ¢ 1a thoi gian cta goi
tin dau tién cta hang doi vwrot qua thoi gian toi
da c6 dinh Dyori. Trong thuit toan nay, cic chi s6
wu tién cho cac dich vu thoi gian thuc va khong
thoi gian thye la khac nhau. D€ dwa ra sy wu tién
cho cac luong thoi gian thue, chi s6 wu tién (w;))
dwoc xac dinh nhw sau:

Wi j = @ X Dyop i X % (12)

Trong do:

1ij- T6éc d6 dwoc gan cho ludng thit i trong
sudt TTI thi k

R; - Uéc lwong t6c dd truyén di liéu trung
binh

a; - Hé so, dwoc xac dinh bai:

log(é;)

a; = Rl-
2.2.3. B lap lich EXP/PF

EXP/PF la thuat toan lap lich hd tro cac ing
dung da phwong tién trong hé thong ma hoéa va
diéu ché thich &ng, tron kénh phan chia mién
thoi gian (J.-H. Rhee et al., 2003). Muc dich chinh
cda bd 14p lich nay la dé ting cwong sw wu tién
cho c4c ludng thoi gian thwe bang cach thém thoi
gian t6i da c6 dinh trung binh ctia tit ca cac luong
thoi gian thyc dang ¢6 mat trong hang doi. Véi
cac dich vu thoi gian thuc, ching nhdan mirc wu
tién tang lén khi tré géi HOL cta chiing dat dén
giti han tré. Chi s6 wu tién caa EXP/PF dugrc tinh
toan nhw sau:

aiXDyor,i—X
a+vx

Trong dé X dwoc cho bc’riX=NiZ a; X
Tt

T'i"
w;j = exp( ) X ﬁ—i] (13)

Dyoy,; vOi Nic1a s6 ludng thoi gian thuwe hién
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c6 trong hwéng xubéng. Cac tham sé con lai twong
tw nhw nhitng mé ta & cac cong thirc trén.

3. Thuat toan 1ap lich dé xuat

Trong bd 14p lich dé xuit, ching t6i xem xét
cac dic diém cha cac rng dung 4m thanh trong
mang LTE. Ching rat nhay cam véi mat géi tin va
tré mang, do d6, tién trinh 14p lich nén xem xét
dén nhiéu yéu té khac nhau. Trong cac bo 1ap lich
lién quan dwgc dé cap dén & trén, cac tac gia hiu
hét tip trung vao tré goéi tin dau dong (Head of
Line Packet Delay (Duo.), tham sO nay dwoc st
dung dé tinh to4n tré mot chiéu phuc vu cho viéc
tinh todn tham s6 I;), d6 dai thé bai 4o bén canh
cac tham s6 khac nhw o;rij vaR;. MOS 1a mot
tham s& biéu dién nhan thirc ngudi dung, do do,
né nén xuit hién trong chi s6 wu tién cda cac
thudt toan 1ap lich. Gia tri MOS cang cao thi nhan
thirc ngudi dung cang ting. MOS c6 thé dwoc xac
dinh tw dong tai bén nhan sau dé gwi lai eNB
bang ki thuat phan hoi thong tin. Véi MQS, theo
hiéu biét cta chung t6i, chwa c6 bai bdo nao dé
cap dén. Chiing toi nghi rang, tham sé ndy co tac
déng manh mé dén viéc thwc hién cta hé thong.
Trong phan mém LTE-Sim, tham s6 nay dwoc c6
dinh bang 0, nghia 12 MQS 1a khong xac dinh. Do
d6 MQS khong dwoc xem xét trong tién trinh 1ap
lich. Tuy nhién trong thuc té, MQS la gia tri xac
dinh béi vi néu né khong xac dinh, tré sé ting va
tic nghén cling c6 thé vi thé ma ting lén. Vi thé,
MQS nén dwgc xem xét nhw mot tham so cin
thiét trong chi s6 wu tién cua cac thuit toan lap
lich.

Y twdng chinh ctia thuat toan lap lich dé xudt
l1a sy xem xét nhan thitc ngudi dung (MOS) va
MQS (Q;max) nhw cac tham s6 can thiét trong tiéu
chuén 14p lich. Chi s6 wu tién cho cac dich vu 4m
thanh ctia b6 14p lich dé xut 1a sw két hop cla
thudt toan M-LWDF véi y twéng ctia ching t6i va
dwoc biéu dién nhu sau:

L= MOSLX(QTL;max Qi) x :_;_] (14)

Trong do:

Q; 7, rij va R; dwgc miéu ta twong tw nhu cac
cong thirc & trén. Q;max la MQS cia UE thit i. Gia tri
nay c6 thé dat dugc thdong qua mot s6 ham trong
phdn mém LTE-Sim (8). W;; la ma trn wu tién
cho mdi RB; dwoc gan cho UE; N6 dwoc tinh toan
dua trén diém s6 MOS, chiéu dai hang doi con lai
(Qimax - Q), thoi gian t8i da (z) va cac dibu kién

kénh. MOS dwoc tinh toan tai bén nhan va dwoc
glri vé eNB dé tinh toan tiéu chuén 14p lich. MOS
dwoc ké dén trong chi s6 wu tién sé khai pha day
du trai nghiém nguwoi dung. Poi véi cac dich vu
khong phai la thoi gian thuwec, chi s6 wu tién c6 thé
dworc tinh toan theo dé xuat trong (A. Jalali et al,,
2000).

Cac budc thuwe hién cta thuat toan lap lich dé
xuat c6 thé duoc biéu dién nhu sau:

Thuat toan 1: Bo 1ap lich dwa trén nhan thikc
kénh, QoS va QoE cho nguwoi dung am thanh
trong mang LTE huéng xuéng

Buéc 1: Nhan dang ngudi dung VolP va
ngudi dung khac trong hang doi

Budc 2: Xac dinh cic tham s6 nguoi dung
(Qimax, Qi, MOSi) va cac tham s6 khac. Tinh todn
chi s6 wu tién wi,j

Buéc 3: Tim nguwdi dung VoIP c6 chi s6 wi,j
théa man cac diéu kién 14p lich (c6 gia tri 1on
nhét)

Buéc 4: Tinh toan cac khoi tai nguyén kha
dung (chwa dwoc cap phat), quyét dinh cap
nhirng khoi tai nguyén nao cho cic ngwoi dung
dwoc chon

Budc 5: Gan khéi tai nguyén RB* cho ngwoi
dung UE* ¢6 cac tiéu chuin lap lich dwoc thoa
man

Bwérc 6: Lap lich cho nguwai dung UE* trwére

Buwéc 7: X6a nguwoi dung UE* va khéi tai
nguyén RB* ra khoi danh sach twong tng

Buwdrc 8: Lap lai cac budce tir 1 dén 7 cho dén
khi nao tit ca cac ngudi dung 4m thanh dworc 1ap
lich hét.

4. M6i trrong mo phéng va danh gia thwc
hién

4.1. Méi trworng mé phéng

D€ danh gia thuc hién cta bo lap lich dé xuét,
ching t6i tién hanh mé phong trong phan mém
LTE-Sim cho cac luéng dir liéu &m thanh. Viéc cai
dat thuat toan lap lich va ciu hinh cac tham sé
mo phéng dwoc thwce hién truc tiép trong phan
mém LTE-Sim. Cac théng s6 co ban cta kich ban
mo phdéng dwoc miéu ta nhw trong Bang 1.

4.2. Pdnh gid thwc hién

D€ danh gia thuc hién cta bo lap lich dé xuét,
ching téi s dung phidn mém LTE-Sim dé
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mo phdng. Chung t6i mo phong thudt toan lap
lich dé xuit véi mét sb thuat toan noi tiéng lién
quan, gom FLS, M-LWDF va EXP/PF trong cung
mot diéu kién. Viéc danh gia thuc hién dwoc thuc
hién vé6i cac tham s6: tré, ty 1& mat géi tin (Packet
Loss Rate, PLR), thong lwong (Cell Throughput),
chi s6 cong bang (Fairness Index, FI) va hiéu qua
pho (Spectral Efficiency, SE).

Trong kich ban moé phoéng, ching t6i lwa
chon MQS bang 105 bytes. Hiu hét cAc modem
hién dai déu hoé tro kich thwéc hang doi toi da
(MQS) 106 bytes. Trong mot nghién ctru khéc,
ching t6i c6 md phoéng véi cac gia tri MQS khac
nhau, gbm: 104, 105 va 106 bytes. Két qua mo
phong cho thiy khi MQS c6 gia tri bang 105 va
106, cac két qua dau ra chénh léch nhau rit it. Vi
vay, trong bai bao nay ching t6i chon MQS = 105
dé rit ngan thoi gian moé phong.

4.2.1.Tré

Tré dau cudi (hay tré mot chiéu) 1 thoi gian

yéu cau dé goéi tin dugc truyén tir ngubén dén dich
trong mang. Hinh 1 biéu dién tré ctia luéng VolP.
RO rang, tré cta hai bd lap lich M-LWDF va
EXP/PF la x4p xi nhau va thap nhit. B lap lich dé
xudt (E-MQS) c6 tré cao hon hai b 1ap lich & trén
mot chit nhung thap hon nhiéu so véibo 1

4.2.2. Ty Ié¢ mdt gdéi tin

Ty 1& mat géi tin (PLR) biéu dién sw thit bai
cia mot hay nhiéu géi tin dwoc truyén dé dén
dwoc dich khi dwoc truyén trong mang. Hinh 2
biéu dién PLR cua ludng VoIP. Véi MQS dwoc
thiét 1ap bang 105 bytes (tham s nay dwoc thiét
14p mic dinh bang 0 trong phin mém LTE-Sim),
tit ca cac bo 1ap lich déu c6 PLR giam khi s6
lwong nguwoi dung VolP ting 1én. Tat ca cac bo 1ap
lich déu c6 PLR duwéi 1%, trong dé FLS c6 PLR
thap nhat. B 14p lich E-MQS c6 PLR thap thir hai
trong khi M-LWDF c¢6 PLR cao nhit.

4.2.3. Théng lwong

Bdng 1. Cdc tham s6 mé phdng co bdn.

Tham s6 md phong Gia tri
Thoi gian m6 phong, s 100
C4u tric khung FDD (Frequency Division Duplexing)
Ban kinh tram thu phat séng, km 1
Bang thong, MHz 10
T6c do ma hda sdm thanh, kbps 8.4
To6c d6 di chuyén cla ngudi dung, km/h 3
SO nguwoi dung 5,10, 15, 20, 25
Tré tdi da, s 0.1
MQS, byte 105
M& hinh giao thdng mang VolP

—— FLS Scheduler
—— M-LWDF Scheduler
—@— E-MQS Scheduler
—4— EXP/PF Scheduler

Tré mang (ms)

1 e e d. J
5 10 15 20 25
S lvgng ngudi dung VolP

Hinh 1. Tré mang véi s6 ngudi diing VolP.

~—fe— FLS Scheduler
—— M-LWDF Scheduler
—@— E-MQS Scheduler
—dx— EXP/PF Scheduler

PLR (%)

5 10 15 20 25
Sé lwgng ngudi ding VolP

Hinh 2. PLR véi s6 ngudi diing VolIP.
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[N FLS Scheduler g
18e+04 | 5] M-LWDF Scheduler [-----+i-eoeeeoenilninn fo o]
[C]E-MQS Scheduler :

16e+04 -| BEEEEEE EXP/PF Scheduler

B W s @ %
S6 nguoi diing VolP
Hinh 3. Théng lwong véi s6 ngwoi ding VolP

Thong lwong biéu dién tdc dd dit liéu trung
binh ma nguwoi dung cé thé dat dwoc. Nhw dwoc
biéu dién trén Hinh 3, thong lwong trung binh
cta toan bd eNB tiang khi s6 lwgng ngwoi dung
VoIP tang lén. Thuit toan 1ap lich dé xuat luén
ludn 1a moét trong hai bo 1ap lich c6 thong lwgng
cao nhit. Diéu nay chirng té rang b 1ap lich dé
xudt rat phu hgp véi ngwoi dung VolP.

4.2.4. Chi s6 cong bdng

Chi s6 cong bang (FI) thé hién mirc dd cong
bang khi c4p phat tai nguyén cho cac nguwoi dung
khac nhau, dac biét la nhitng ngwdi dung & xa
eNB. Nhw dworc chi ra trén Hinh 4, chi s6 cong
bing clia ngudi dung VoIP khong 6n dinh khi s
lwong ting. Théng thwdong chi s6 nay sé giam khi
s6 lwong nguwoi dung tang 1én. Tuy nhién, tit ca
cac bo 1ap lich déu c6 chi s6 cong bang cao va hon
kém nhau khéng dang ké. Vi du, b lap lich dé
xudt c6 chi s§ cong bang cao nhat khi s6 lwong
nguoi dung VolP dat 5, 15 va 20 va dat gia tri
thap nhat khi s lvgng ngudoi dung la 10 va 20.
Nhin chung, thuét toan lap lich FLS c6 chi s6 cong
bang cao nhat.

4.2.5. Hiéu qud phé

Hiéu qua phé (SE) 1a muc tiéu cta thuit toan
lap lich. N6 biéu dién hiéu qud st dung tai
nguyén vo tuyén cua nguoi dung. Hiéu qua phd
dwoc xac dinh cho toan b tram thu phat séng va
cho tit ca cac loai ngwoi dung khac nhau. Nhw
dwoc biéu dién trén Hinh 5, hiéu qua phd ting
khi s lwgng ngwoi dung ting. Thuit toan dé xuit

06
0 —fr— FLS Scheduler
% —— M-LWDF Scheduler
0.5 —@— E-MQS Scheduler
—4\— EXP/PF Scheduler
0.56}

Chi s6 cong béng
IS)
g

ot
133
R

0.5

10 15 20 25
S6 ngudi ding VolP

Hinh 4. Chi s6 céng bang véi sé nguoi diung VolP.

IR 7 LS Scheduler
E==M-LWODF Scheduler
[CJE-M0QS Scheduler

mEmeF Scheduler

0G8r

005 ¢

Hiéu qua phé (bit's/Hz)

004

o02p

£ %
S0 ngudi ding
Hinh 5. Hiéu qud phd véi sé nguoi diing.

cung v6i thudt toan FLS ludn la hai thuat toan cé
hiéu qua phé t6t nhat. Tuy nhién, sw khac nhau
vé hiéu qua gitra cac bo 14p lich 1a khéng dang ké.
biéu nay la hop ly vi diy déu la nhirng thuit toan
14p lich ndi tiéng va rat phu hop véi cac ing dung
thoi gian thue 1a nhw cac cudc hoi thoai v.v.

5.Kétluian

Trong bai bdo nay, ching téi dé xuit kich
ban lap lich dwa trén nhan thirc kénh, QoS va QoE
cho ngudi dung am thanh (VoIP) trong mang LTE
hwéng xudng. Y twéng chinh ctia bo 1ap lich dé
xudt la viéc xem xét st dung cam nhin nguoi
dung (thong qua diém s6 MOS) va chiéu dai hang
doi 16n nhat (MQS) nhw 1a nhitng tham sé cin
thiét cta chi s6 wu tién dé dwa ra quyét dinh 1ap
lich. Vi vay, ham wu tién dwoc xay dung dwa trén
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MOS, chiéu dai hang doi con lai, thoi gian tré tdi
da va diéu kién kénh. Cac két qud mé phong chi
ra rang thuat todn dé xuit khong chi thda man
cac yéu cau vé QoS déi véi cac rng dung VolP, ma
con vuot qua cic thuit toan néi tiéng khac nhw
FLS, M-LWDF, EXP/PF vé tré, thong lwong, chi s6
cong bang va hiéu qua phé. Véi PLR, thuat toan
deé xuat khong tét bang FLS. Ve chi s cong bang,
thuit toan dé xuit khéng gitr dwoc sw 6n dinh
can thiét khi s6 lwong ngwoi dung thay doi. Co
thé két luan rang, khi xem xét MOS va MQS nhw
nhitng tham sé can thiét cho ham wu tién, viéc
thuc hién cia hé thdng dwoc cai thién dang ké.
Két qua mod phong ciing chi ra rang thult toan
FLS troi hon cac thuit toan con lai mot chut,
trong khi thuit toan dé xudt gitt vi tri thi hai. C6
thé két ludn rang thult toan dé xuit rat phu hop
dé 1ap lich cho cac nguwoi dung dm thanh trong
mang LTE hwéng xudng,

Trong thoi gian tédi, ching téi ti€p tuc danh
gia thuc hién cta thuit toan dé xuit trong mang
LTE hén hop, ngwoi dung di chuyén véi nhiéu toc
d6é khac nhau. Ching tdi cling ning cip thuit
toan 14p lich dé xuit dé phu hop védi mang LTE
huéng lén.
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Scheduling of real/non-real time services:

ABSTRACT

An enhanced Downlink scheduler based on user perception for
voice service in 4G LTE mobile network

Huy Duy Nguyen 1, Duong Thuy Nguyen 1
1 Faculty of Information Technology, Hanoi University of Mining and Geology, Vietnam

Scheduling is one of important tasks of base station in telecomunication systems in general and LTE
network in particular. This paper presents a scheduling algorithm based on Quality of Experience (QoE,
determined using the extended E-model), channel-aware and Quality of Service (QoS) in LTE downlink
network. Voice is one of services which are very sensitive to network impairments such as delay, packet
loss, network jitter, etc. The proposed scheduler is built based on the extended E-model and Maximum
Queue Size (MQS) which are essential factors to determine the priority metric. The simulation results
show that the proposed scheduler not only meets the QoS requirements for voice service but also
outperforms several other typical schedulers such as FLS, M-LWDF, EXP/PF in terms of delay, cell
throughput, fairness index and spectral efficiency. In addition, the proposed scheduler also improves
significantly packet loss rate in LTE network.

Keywords: ~ Scheduling algorithm, resource allocation, voice service, LTE, E-model.





