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TOM TAT: Phdn phéi tai nquyén tdi nguedi ding trong mang Long Term Evolution (LTE) ld mét trong nhitng bdi todn quan
trong nham lam tang chdt leong dich vu (QoS) ciia mang. Trong thire té, ngiueoi ding trong mang c6 thé sir dyung cdc thiét bi di dong
hodc cac thiét bi ¢6 dinh d@é twong tdac trong mang. Khi mot thiét bi di dong di chuyén vao hodc ra khoi ving phu soéng cua tram co
s (BS) hodc khi mot thiét bi c¢é dinh (i dy cdm bién) can kiét nang luong lam cho cdu tric cia mang tai tram co' s& bién doi khong
nging va khé du dodn. Bén canh do, cdc nguwoi dung khac nhau trong mang lai c6 cde yéu cau vé tai nguyén khdc nhau da lam cho
bai todn phdn phéi tai nguyén tré nén hét sirc phire tap. Hién nay, nhiéu gidi phdp da dwoc dwa ra nham t6i wu viéc phdn phdi tdi
nguyen trong mang LTE nhing cdc nghién cvu chii yéu tap trung vdo viéc phdn bé tdi nguyén cho cdc thiét bi di dong chir chuwa co
nhiéu dé cdp dén cdp phat tdi nguyén cho cdc thiét bi c¢é dinh (cam bzen) Trong bai bao nay chiing 16 @é xudt md hinh héa bai
todn Idp lich phdn phoz tai nguyén trong mang LTE két hop gitta mién thoi gian va mién tan sé cho phép phan phoz tai nguyén toi
nguwdi dimg la cdc thiét bi di dong vd cdc thiét bi ¢é dinh. M6 hinh Idp lich lai dam bdo: théa mén tinh céng bdng, t6i wu bing thong
gifta cdc nguoi dimg 1a thiét bi di ddng va dam bdo tiét kiém ning lwong cho thiét bi c6 dinh.

Tir khéa: Ldp lich tdi xudng, long term evolution, mang déng, cam bién, di déng.

I. GIOI THIEU

Véi sy phat trién cua cdng nghé, cac tng dung nhu hoi nghi truyén hinh, dién thoai Internet, mang x& hoi, tng
dung web,... luén doi hoi mot luu luong 16n Vvé dir liéu. Su ra ting cua cac dich vu ké trén véi doi hoi chét lugng dich
vu cao ludn duoc céc nha khoa hoc quan tdm dic biét véi chat luong dich vu trong mang khong day. Mang LTE dugc
gi6i thiéu boi 3GPP vé6i biang thong 16n va d& mé rong viing phu song, toe do cao va do tré thap s& 1a mot giai phap hitu
hiéu nham cai thién chét lugng dich vu mang. Cong ngh¢ truy cap song vo tuyén trong mang LTE véi duong tai xudng
1a da truy nhap phan chia theo tan s truc giao (OFDMA) theo ca mién thoi gian va mién tan s6 [1], [2].

D4i voi bai toan lap lich trong mang LTE, nhiéu bai toan can phai dwoc gidi quyét nhu mot sb thiét bi nguoi
dung nam trong ving phu séng cia tram co s¢ yéu cau tbc do dir liéu cao, do tré thap, nhiéu k§ thuat cho ‘phép cac thiét
bi nguoi dung chia s¢ bang thong co san bang cach phan b cho mdi thiét bi nguoi ding mot phan cua tong tai nguyén
hé théng. Cac muc tiéu khac nham ting chét lwong dich vu nhu dam bao tinh céng bang ciing dwoc xét dén, doi khi
cling can phai c6 su thoa hiép gitra hiéu ning va su cdng bang. Mot thuat toan Iap lich hiéu qua dam bao yéu té nay can
cha ¥ dén mot sé yéu té nhu: Ty 18 nhidu tin hiéu, d6 tré goi, do dai hang doi, loai dich vy, tinh céng bang, didu kién
kénh hién tai va do phirc tap thoi gian tinh toan, [4].

Dé tai nguyén vo tuyén duoc lap lich toi thiét bi nguoi ding mot cach hiéu qua trong khi van dam bao chat
lwong dich vy, cac ki thuat quan ly tai nguyén vo tuyén la rat can thiét. Nhiéu thuat toan 1ap lich phan phdi tai nguyén
s6ng vo tuyén téi nguoi ding da dugc dé xuat [3]. Mot s6 thuat toan tap trung vao giai quyét bai toan ve do tré va ty Ié
mat g6i. Céc thuat toan thugc nhdm nay nhu Exponential Earliest Deadline First (EXPEDF), thuat toan nay dam bao
chat luong dich vu cho cac tng dung thoi gian thyc. Thuat toan dwa vao cac dic tinh khac nhau giira cac nguoi ding,
rang buoc vé do tré goi va chat lugng kénh truyén dé cap phat tai nguyén téi ngusi ding [5]. Thuat toan Modified-
Earliest Deadline First-Proportional Fair (MEDFPF) st dung thuét toan EDF dé 1én lich cac ludng véi thoi gian gan két
thic va thut toan Proportional Fair (PF) dé dam bao thong lugng ciing nhu dap ung dugc tinh cong bang giita cac
ludng nhim cai thién chét lugng dich vu véi cac tng dung VoIP va Video [6]. Thuat toan Modified Largest Weighted
Delay First (MLWDF) cap phat tai nguyén dya trén diéu kién kénh va trang thai hang doi ciia mdi nguoi dung. Thuét
toan dam bao thong lwong ti thidu va cho phép ting sb ngudi dung ma van dam bao chét lugng dich vu [10]. Thuat
toan RB Preserver Scheduler (RBS) cép phat tai nguyén theo 2 mirc. Mtre thir nhét, t6i vu khung LTE bang cach két
hop mot vai khung phu nhim dam bao chét luong dich vu ctia ngudi dung. Muc thuc hai, cai dat thuat toan
Proportional Fair MAX (PF-MAX), Delay Rule (DR), EXP/PF va Weighted Delay (WD) dé cip phat cac khdi tai
nguyén t6i nguoi dung. Thuét toan dam bao chat lugng dich vu véi cac tmg dung thoi gian thuc [7]. Thuat toan Frame
Level Scheduler Advanced (FLSA) cap phat tai nguyén theo 3 mirc. Muc thir nhat, sir dung gidi han dir liéu theo [8] aé
xac dinh tong sO dir liéu theo ludng thoi gian thyc trong mdi khoang thoi gian truyen murc thir hai sir dung thuét toan
MLWDF dé phan phdi khi tai nguyén t6i ludng va mirc thir ba, cép phat cac khdi tai nguyén con lai t6i ludng. Thuét
toan cho phép cip phat tai nguyén t6i nguoi dung dam béo chat lugng dich vu theo ludng thoi gian thyc [9].
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Bén canh do6, mot $6 thudt toan khac chi tap trung vao thong lugng cta h¢ théng va bd qua yéu td vé do tré hay
ty 16 mét goi. Mot sé thuat toan thudc nhom nay nhu thuat toan Blind Equal Throughput (BET). Thuét toan BET dam
bao sy cong bang giita cac nguoi ding bang cach cp phat tai nguyén mot cach cong bang toi tat ca ngudi ding ma
khong xét dén diéu kién kénh truyén hién tai. Thuét toan sir dung thong luong trung binh trong qua khir nhur mot yéu to
dé cap phat tai nguyén. Thuat toan dam béao tinh cong bang khi cp phat tai nguyén téi nguoi ding [14]. Thuat toan
Maximum Throughput (MT) cap phat tai nguyén téi nguoi dung dya trén chi sb chét lugng kénh truyén (CQI). Thuat
toan MT dat dugc thong lwong cao nhat nhung khong dam bao tinh cong bang giita ngudi dung vi trong mang s& co
nhitng nguoi ding c6 chi s6 chit luong kénh khong tét [14]. Thuat toan Generalized Proportional Fair (GPF), thuat
toan nay danh ddi hidu qua ctia phd va tinh cong bang dé dat dwoc hiéu qua vé luu lwong. Thuat toan GPF sir dung hai
trong s0 a va b dé hiéu chinh chinh sach phan bo tai nguyén tic thoi dé dat dwoc hi¢u qua thong lugng trung binh theo
thoi gian [12]. V&ia va b ¢6 gia tri 1a 1, thuat toan tro thanh thuat toan PF, vdi a ¢6 gia tri la 1 va b ¢6 gia tri 1a 0 thi
thuat toan tr¢ thanh thuat toan MT va vdi a ¢6 gia tri 1a 0 va b ¢6 gia tri 1a 1 thi thudt toan trd thanh thudt toan BET
[13]. Thuat toan dat dugc hiéu qua phd cao hay dat duoc tinh cong bang phu thudc vao trong s6 a va b dugc thiét lap.

Gan day, mot sd thudt toan lap lich trén mang Mobile Ad-hoc Network va mang Mobile Grid Computing ciing
dugc nhiéu tac gia quan tim. M6 hinh mang dong duge dé xuét cho bai toan lap lich tai nguyén trong mang LTE véi
cac node la cac cam bién trong bénh vién [15]. Thuét toan dé xut trong md hinh da dam bao chét lugng dich vu nhu
t6i uu bang thong va dam bao tinh cong bang cho tat ca nguoi dung. Trong [16], nhom tac gia da s dung chién luoc
tim kiém theo kinh nghiém nham Iya chon thiét bi dé 1ap lich. Thuat toan dé xuat cho két qua tot hon MIN-MIN,
MAX-MIN va thuat toan HEFT. Trong [17], nhom tac gia dé xuat thuat toan lap lich Integrated Time and Frequency
Domain Scheduling (ITFDS) trong mang LTE dam bao chat luong dich vu (101 v6i nguoi dung theo ca mlen thoi gian
va mién tan s6. Thuat toan trudc tién tinh dung luong tdi da ma kénh truyen dat duoc. Tlep theo, chi so chat luong
kénh truyén dugc tao ra phy thudc vao cac tmg dung man ngudi ding yéu ciu. Dya trén gia tri cia chi sb chat lugng
kénh truyén, thudt toan Iya chon ty 18 truyén phu hop. Dé ting tc do truyén, thuat toan xem xét dén gi4 tri Head of
Line (HOL) cta ludng. Thuat toan dé xuét cho chét lwong cai thién 12 % so v6i thudt toan trude do.

Nhu vy c6 thé thay, mic di da c6 nhiéu thuat toan lap lich tai nguyén toi ngudi dung nhung hau hét cac thuat
toan déu lap lich trong méi trudng tinh. Mot sé thuat toan dat duoc chat luong dich vu vé bang thong, ty 1é mat goi tin
thi khong dat duoc tinh cong bang va nguoc lai. Dé tang chét lugng dich vu, mot thuat toan lai cho phép dat dwoc chit
lwong ca vé bing thong, tinh cong bang cho moi ngudi dung trong méi trudng dong s& dugce dé xuit trong bai bao nay.

Trong bai béo nay, chiing tdi md hinh héa bai toan va dwa ra mot thuat toan Iap lich phan phéi tai nguyén lai
trong mang LTE két hop giita mién thoi gian va mién tin sé cho phép phan phdi tai nguyén t6i nguoi dung 13 cac thiét
bi di dong va cac thiét bi ¢é dinh. Thuit toan 1ap lich lai dam bao: thoa man tinh cong bang, tdi wu biang thong gitra cac
ngudi dung 1a thiét bi di dong va dam bao tiét kiém ning lwong cho thiét bi ¢é dinh.

IL LAP LICH TRONG MANG LTE

Trong phan nay, ching toi s& tap trung gidi thidu vé lap lich trong mang LTE, mot s6 thuat toan 1ap lich QoS
Aware va QoS Unaware, lam co s& d€ phat trién thuat toan dé xuat.

Trong mang LTE, tram co s& (eNodeB) 1a don vi chiu trach nhiém phan phdi tai nguyén t6i nguoi ding dang
hoat dong. Tram co s& gan cac khéi tai nguyén cho mdi TTI dya vao diéu kién hién tai cua kénh dugc phan hoi tir phia
ngudi dung. Thiét bi ngudi dung giri gia tri chét lugng kénh truyén vé tram co s¢ dé bao cho tram co so biét toc do dir
lidu duoc hd trg boi duong tai xudng. Gia tri chi s6 chat lwong kénh truyén tir 1 dén 15 twong tng voi so d6 ma héa va
dleu ché (MCS) cao nhét va tong luong du phong [18]. Vi dudng tai xubng, LTE str dung cong ngh¢ truy cap song vo
tuyen 1a da truy cap phan chia theo thoi gian. Theo cach nay, tai nguyén duoc cép phat theo ca mién thoi gian va mién
tan sb. Theo mién thoi gian, kénh tai xuéng duoc chia thanh cac khung, mdi khung 10 ms, mdi khung c6 10 khung phu,
mdi khung phu c6 d6 16n Ims duoc goi 1a khoang thoi gian truyén TTI. Thém vao do, mbi khoang thoi gian truyén bao
gom hai khe thoi gian, mdi khe 0,5 ms. Theo mién tan sb, toan bo bang thong dugc chia thanh cac kénh phu, méi kénh
phu c6 d6 Ién 180 kHz. Tai nguyén vo tuyén theo mién thoi gian va mién tan sé nim trong mot khe thoi gian theo mién
thoi gian va mot kénh phu trong mién tan sé dwoc goi 1a khdi tai nguyén (RB). Khéi tai nguyén 1a don vi tai nguyén vo
tuyén nho nhit mang dir liéu c6 thé dugc cap phat téi thiét bi nguoi dung. Sé lwong RB twong Gmg véi thiét 1ap biang
tan cta hé thong. Theo d6 vai 6, 25, 100 khoi tai nguyén twong tng véi 1,25 MHz, 5 MHz, 20 MHz [15]. Tai nguyén
vo tuyén ctia duong tai xudng trong mang LTE dugc m ta nhu Hinh 1.

Trong LTE, lap lich duong tai xuéng duoc thuc hién trong mdi khoang thoi gian truyén TTI. Trong mdi TTI, 2
khoi tai nguyén lién tiép dugc cip phét cho thiét bi nguoi ding [19]. Ciing trong mi TTI, thiét bj nguoi diing tinh toan
cuong do tin hiéu nhan duoc hoic ty sb tin hiéu trén nhleu cong tap am (SINR) trén cac tin hiéu tham chiéu nhén duoc
tir tram co so. Cac thuat toan 1ap lich cho duong tai xudng trong mang LTE huéng t6i sy dam bao cac yéu cau cua hé
thong va nguoi dung. Thong thuong, mot thuat toan lap lich tét phai thoa méan hai tiéu chi: 1am téi da bang thong hé
thong va ¢am bao sy cong bang gitra cac thiét bi nguoi ding. Lap lich trong mang LTE dugc mo ta nhu trong Hinh 2.

Mot s6 thuat toan lap lich ¢6 thé ké dén nhu Maximum Throughput, Round Robin, Best CQI, Proportional Fair,
Resource Fair hay Channel aware Integrated Time and Frequency Domain.
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2.1. Thugt toan Maximum Throughput

Thuat toan Maximum Throughput (MT) lap lich dit liéu téi nguoi ding dua trén didu kién kénh truyén cua
ngudi dung tai thoi diém 1ap lich. Nguoi dung c6 diéu kién kénh truyén tét s& duoc wu tién 1ap lich trugc. Theo cach
tiép can nay, thuat todn cho phép hé théng nhan dugc bing thong tdi da. C6 thé nhan thiy, day ciing 1a nhugc diém cua
hé thng, theo cach ma thuat toan MT lam viéc, nhing thiét bi ngudi ding & xa tram co so, hoac tai ving bién cua
viing phu séng s& ¢o chat lugng song thap, nhiing thiét bi nay it ¢6 co hoi nhan dugc di liéu tir tram co s¢. Thuat todn
MT cho phép téi uru bang thong cua hé thdng nhung khong dam bao tinh cong bang [20].

2.2. Thugt todn Round Robin

Thuat todn Round Robin (RR) hoat dong tuong dbi don gian. Thuat todn gan khoang thoi gian truyén dir liéu
nhu nhau giira moi thiét bi nguoi ding theo vong [21]. Theo cach ndy, thuat toan RR dat dwoc tinh cong bang cao nhat
khi moi thiét bi ciia ngudi ding c6 ciing diéu kién kénh truyén va cung d6 16n goi dir liéu dén bo dém cua thiét bi. Do
khong tinh dén sy anh huang cua kénh truyén nén bang thong hé thong thuong thip hon cac thuat toan 1ap lich khac.
Mt khac, cac thiét bi ngudi dung khéc nhau yéu cau céc tai nguyén khac nhau, chat lugng dich vu khac nhau nén kho
c6 kha ning cac thiét bi nguoi ding nhan dwoc cling sb cac khoi tai nguyén vi khi do s& lam giam chat lugng dich vu
cua hé thng [21].

2.3. Thugt toan Best CQI

Thuat toan Best CQI cap phat tai nguyén vao chi 50 chat lugng kénh truyen (CQI) dugc phan hoi tir thiét bi
nguoi dung. Didu nay co nghia la véi ngudi dung c6 chi s6 chét lugng kénh truyén tot s& duoc cap phat tai nguyén va
nguoc lai, nguol dung vai diéu kién kénh truyén khong tét sé it co co hoi dugc phuc vu [22]. D1eu kién kénh truyén
chira gia tri ty s tin hiéu trén nhiéu cong tap &m dugc do bei chinh cac thiét bi nguoi dung. Chi s6 Chat lugng kénh
truyen cao nghia 1a diéu kién kénh truyén tét. Thuat toan lya chon thlet bi c6 chi s6 chat lugng kénh truyén tét nhat dé
truyén dir liéu. Thuat toan Best CQI dam bao chit lugng bang thong tdt nhung chua dam bao duogc tinh cong bang gitra
cac thiét bi nguoi dung. CAc thiét bi ngudi ding ¢ xa tram co so & it c6 co hdi nhan duoc dir lidu tir tram.

2.4. Thugt toan Proportional Fair

Y tuéng cua thuat toan Proportional Fair (FF) la gan cac khoi tai nguyeén toi cac thiét bi nguoi dung c6 chi s6
chat lugng kénh truyén tét nhat két hop véi su cong bang mong mudn. Hién nay, co nhiéu phién ban khac nhau cua
thuat toan FF dugc cai dat. Muc tiéu chinh cuaa thuat toan 1a dam bao tinh cdng bang giira céc thiét bi ngudi dung trong
khi van dat duoc muc tiéu tdi da bang thong hé thng. Trudc tién, thuat toan tinh do wu tién ciia mdi ngudi dung tai
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mo1 khoang thoi gian truyen thiét bi ngudi dung voi uu tién cao nhét s& dugc cip phat tai nguyén, thudt toan lap lai khi
tat ca cac tai nguyén vo tuyén dugc cAp phat t6i tit ca thiét bi nguoi dung.

2.5. Thugt todn channel aware Integrated Time and Frequency Domain

Thuat toan Integrated Time and Frequency Domain cho duong tai xudng két hop ca mién thoi gian va mién tan
sb dé phan phéi tai nguyén téi ngudi dung nham cai thién thong lugng va do tré géi véi nhimg nguoi ding ¢ bién ving
phu séng cua tram co so. Thuat toan cé kha nang phan tich dir lidu vé d tré va kich thugc géi cua ngudi ding dé cap
phét khoi tai nguyén mot cach hiéu qua. Tai nguyén phan phdi toi nguoi dung dwoc thuat toan cap phat da vao diéu
kién kénh truyén va cac tham sé chat lugng dich vu khéac. Trong mdi TTI, tram co so thu thap théng tin tir cac hang doi
khéc nhau tir cac thiét bi ngudi dung két ndi vai nd. Thiét bi nguoi dung tinh toan chi s chat luong kénh bang tin higu
tham chiéu tir tram co so va gui lai tram co so. Khi mot thiét bi ra nhap mang, bo phan 16p tu dong gan thiét bi vao
nhom cho dén khi két ndi két thic. B phan 16p chat lugng dich vu (QCI) giup xac dinh loai dya trén kiéu dir ligu
nguoi ding thanh I6p d¢am bao ty 1é truyén va khong dam bao ty 1¢ truyén [17].

1L MO HINH LAP LICH BE XUAT

Dé tang chét lugng dich vy, nhém tac gia d& xuat md hinh mang nhu Hinh 3.

Internet

Mang ¢ dinh

S Tram co s& @ Node di dong @ Node ¢b dinh Node chu

Hinh 3. M4 hinh mang d& xuét cho thuat toan

Gia sir mang can lap lich tai nguyén cé mot tram co s&, N™ node di dong 1a cac thiét bj nhu dién thoai di dong,
may tinh xach tay hay céc thiét bj cam tay khéc tao thanh mang c6 topo mang thay doi (mang dong) va N’ node c¢6 dinh
nhu may tinh dé ban va cac cam bién tao thanh mang c6 topo mang khong thay ddi (mang tinh). Cac node trong mang
tinh va mang dong nam trong ving phu song cua tram co s¢. Cac node trong mang yéu Cau tai nguyén mang khac
nhau. Gia st can lap lich dé truyén K khéi tai nguyén Yéu Cau t6i N = N™+ N" node. Vi mdi khoang thoi gian truyén,
tram co so gui k khéi tai nguyeén ti N nguoi dung. Pé tang toc do truyen, tai nguyen gui t6i cac node dugc 1ap lich lai
sau mdi khoang thoi gian truyén (1 ms). Tai nguyén dugc lap lich toi cac node con phu thugc vao chét luong kénh
truyen duoc gui bdi cac nguoi ding sau mdi 1an nhan dugc tai nguyén cap phat. Véi nguoi dung c6 chat luorng kénh
truyén t6t s& duogc wu tién cap phat tai nguyen & lan tiép theo. Chét lugng kénh truyén ciia nguoi dung k™ tai khoang
thoi gian t chinh 1a ty I& dit lidu dugc truyén téi nguoi ding p¥(t). Céc tham sb sir dung trong thuat toan dé xuat nhur
Bang 1.

Muc tiéu dat ra ctia bai toan 1a can cap phét tai nguyén cho cac thiét bi nguoi dung trong hé thong sao cho:

a. Véi mang déng: Bam bao tinh cong bang giira cac thiét bi.
b. Toan mang: Pam bao bing thong tdi da cua toan hé théng.
c. Véi mang tinh: T6i wu nang lugng cho cac thiét bi.
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Béng 1. Cac tham s6 st dung trong thuét toan

Tén tham s Gia tri
Tan so f 1,5 GHz
Béng thong By, 10 MHz
S6 khoi tai nguyén K 100
So node trong mang N 50
SO tram co s& BS 1
Do dai md phong T 500 TTI
Vi tri thiét bj ngudi dung Trong vung phu song cua tram co so.
Pham vi mang 50mx50m
Nang luong xu ly 1 bit E, 5 nJ/bit
Nhan t§ nang luong theo mé hinh suy hao | 10 pJ/bits/m?
nang luong &5
Nhan t ning lugng theo mé hinh khéng | 0,001 pJ/bits/m*
gian tu do &
Nang lugng xtr ly 1 bit ctia node chu e 5 nJ/bit

M©6 hinh héa bai todn duoc mo ta nhu sau:

a. Vdi mang déng: Dam bao tinh cong bang giita cac thiét bi.

Theo mién thoi gian, thuat toan PF cap phat s6 tai nguyén duoc tinh trung binh trong mét khoang thoi gian toi
moi thiét bi ngudi dung tai moi khoang thoi truyén va cap phat téi thiét bi co6 chat lugng kénh truyén tot nhat (so tai
nguyén nay la xap xi nhau). Gia su, tai thoi diem t, i™*1a nguoi dung the i trong mang dong c6 chat lugng kénh truyen
tot nhat, khi do hé thong s€ cap phat tai nguyén cho nguoi ding nay theo céng thuc:

i™ = argmax(P(t)); i™=1.N™ 1)
im

Doi V6i cac node dong ¢ qua xa, hé s6 a dugc thém vao dé ting tinh cong bang giira cac thiét bi nguoi ding
trong hé thong.

i™ = argmax;m(amP(t)); i™=1..N™ )

mth

Goi p;m(t) la ty 1& truyén hién tai ciia ngudi dung i™ tai khdi tai nguyén k™", R,m (t) 1a thong lwong trung binh

cua thiét bi ngudi dung trong qua khir, phuong trinh (2) duoc cap nhat lai:

m(t
i™ = argmax(a;mP(t)) = argmax ((Zim pin( )); im=1..N™
im im Rm(t) 3)
Trong d6 R,m(t) dugc cap nhat theo cng thurc:
1 1 . . *
(1 - —) Romo(D + —Rmo(©), im=im
- te ’ t. "

le,c(t) = 1 (4)

(1 - t—) Rm (1), im#im

c

Trong d6, t. 1a khoang thoi gian dugc str dung dé tinh thong lwong trung binh ciia nguoi ding trong qua khir. Va ty lé
dir liéu nguoi dung Rm (t)' tic thoi duoc tinh theo cong thuc:

=~ _B K
Ron(®)' = 5710gz (1 + SINRn (1)) ©)

Trong d6, SINR 14 gi4 tri nhan duoc tai tin hiéu cua khdi tai nguyén k™ cua nguoi ding i™ tai khe thoi gian t". SINR
dugc tinh theo cong thirc:

k P
SINRE(t) = ——

I+ N ()
Trong d6 P 1a ning lwong tai tram co so va duoc tinh bang,
P(dB) = 10log,,P
va | 1a nang lwong nhidu giao thoa vai tin hiéu khéc trong mang va N Ia tin hiéu nhiéu khéc, | > 0 va N > 0. (7)

Khi tram co s6 giri tin hiéu dén node ngudi dung, niang lwong tiéu hao dwoc tinh bing ham suy hao:
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1(|Xas = V) = |Xas = V| 8)

Trong d6, a 1a s6 mii suy hao dudng truyén, g > 2, va Xzs — v biéu thi khoang cach tir tram co s¢ dén node ngudi
dang. D6 hinh lan truyén anh huong dén chat lugng kénh truyén, khi do, (6) c6 thé bién doi thanh:

Fps

FBs
P )
SINRZ(m(t) l((|XIB_fNV]| |XBIS+I‘;]|

Trong d6 Fps 1a gia tri fading ngau nhién theo phan phdi cua tram co sd. Theo [15], gia tri SINR cang lon thi chat
luong kénh truyén cang tét. Hé thong cp phat tai nguyén cho thiét bi nguoi ding c6 chat lugng kénh truyén tét nhat.
Do d6, ham muc tiéu la:

Js1(t) = SINRS(t) > max;  Xps #V; (10)

Diéu nay ciing chi ra rang cac node ngudi ding ¢ gan tram co s& ¢6 co hoi nhan dugc tai nguyen nhiéu hon tir
tram co so. Cong thirc (4) ciing chi ra rang néu R giam thi chét lugng kénh truyen Cua ngu’ol dung i" tai thoi diém t
giam, véi chi s6 wu tién p;m — max thi véi ngudi dung c6 diéu kién kénh truyén kém van c6 co hoi nhan duoc tai
nguyén cua hé théng nhu vay tinh cong bing caa hé théng dwge dam bao.

b. Toan mgng: Pam bao bang thong téi da cuia toan hé théng

Goi J¢5(t) 1a bang thong cua hé thong tai thoi diém t, khi do:
(11)
Jsg(@) = Cm(t) + Cr(t); i™=1.N™ i/ =1..N/

Trong d6, C;m(t) 1a bang théng cua hé thdng tai thoi diém t cia mang dong va C,r(t)1a bang thong cua hé thong tai
thoi diém t cuia mang ¢b dinh. Tong bang thong J,, cua hé théng tai thoi diém t 14

Jo®) = ) Jss(®) = Z Com(®) + Z Cy(©) = max (12)

im=1 if=1

Dé dam bao bing thong tdi da cua todn bo hé thong thi J,, () = max, khi d6 C;m(t) —» max va C;r(t) » max.
Do h¢ thong cap phat tai nguyén tai m,c*)i khoang thoi gian truyén t cho thict bi nguoi dung cd chat lugng kénh chuyén
tot nhat theo (10), nén (12) ludn tién dén max, do d6 bang thong cia toan by hé thong ciing dwoc dam bao.

. Véi mang tinh: Toi wu ning lwong cho cac thiét bi

Do mang tinh gdm cé&c node véi ning lugng thip hoic may tram dugc dat cd dinh, mot chién luoc nham tiét
kiém nang lwgng cho mang nay la chia cac node trong mang thanh cac cum véi kich thugce khac nhau. Dya trén khoang
cac node téi tram co s& cac cum chon ra mot node la node chu. Cac node con lai trong cum la cac node thanh vién.
Node chu ¢6 trach nhiém giri thdng tin nhan duoc tir tram co sé téi cac node thanh vién dwa vao yéu ciu tai nguyén cua
node thanh vién. Bé tinh toan ning luong truyén dit liéu tir node chu, phu thudc vao khoang cach thuc té giira tram co
s& va node chi, mé hinh suy hao trén duong truyén va md hinh khong gian tu do dugc sir dung [23]. Gia sir E' (e, d) la
nang luong tiéu thy dé gui e bit dir liéu dugc yéu cau tir tram co sé téi node chu, khi do:

ex(E, +¢gd?), d<d (13)

Ef(e,d) =
(e.d) { ex (E, + eppd*), d>d"

Trong d6, E, 14 ning lugng truyén 1 bit di ligu, d la khoang cach giira node chii va cac node thanh vién trong cum. Khi
d < d*, md hinh khéng gian tu do dwoc sir dung, trong truong hop nguoc lai, mé hinh suy hao trén duong truyén dugc
sir dung. Céc tham s6 &rs VA mla cac nhan t6 nang lwong ctia mdi mod hinh theo th ty va d* 1a ngudng khoang cach
dugc tinh theo cac nhan tb niang luong ciia mdi mo hinh.

d° = &fs

" (14

Niing lugng tiéu thu ciia mot cum E tai thoi diém t bang tong ndng luong tiéu thu cua node chu trong viéc nhan
e bit dir liéu tir tram co so, nang lugng xu 1y tai node cha va nang lugng phén phoi e bit téi cac node thanh vién.

N* N* { ex (B, +&de”),  d<d (15)

E(t =<——1>*e*E +—=*exE, +
© C A Plex (Bo + empdps?),  d=d
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Trong d6, N* 1a s6 node con nang luong tai thoi diém t, C 1a s6 cum trong mang; C < N*; E, 1a niang lwong ma node
chu tiéu thy dé xu 1y 1 bit, d_,,1a khoang céch tir node chu t6i cac node thanh vién, dg 1a khoang céch tir tram co sé téi
node chu.

Ning luong tiéu thy ciia toan mang tai thoi diém t 1a:

Js3(£) = X Ei(t) (16)
Trong thyc té, s6 node trong cum ludn thay doi theo thoi gian n(t), khoang cch d tir node thanh vién téi node
chu cling thay doi, do do, nham tict kiém néng lugng toi da cho hé¢ thong thi can phai phan cum cac node sao cho phu
hop (cac cum trong mang tinh chira toi thiéu cac node di dong) nham giam tai nang lwong cho hé thong nhung dam bao
tinh cong bang. Trong bai bao nay, ching toi sir dung thuat toan Fuzzy C-Mean dé¢ thuc hi¢n phan cum nham t6i uu
nang lugng cua hé thong.
Gia sir chon C tir N lam nGt chu. Tai budc nay, viéc phan cum dam bao téi wru nang luong cho hé théng, khi do
ham muc tiéu:

Js3 =— + sfsdch + emfdch - min (17)

Thuc hién mo hoéa (15) ta duoc:
153: +€fszl 121 1uu |X V) +€mf2 121 1“ ”V XBS” - min (16)

Trong d6 m la &6 mo hoa, Xgs la vi tri ciia tram co s&, X la vi tri cia node nguoi dung i tdi tram co so, V; la node chi
cua cum j, uj; 1a do thudc cua node i téi cum j. Ma tran ||.|| duoc tinh theo cong thuc:

2 2
(X, X;) = ||x; - x| = \/(x,- —x5) + (i — ) 17)
Vi cac rang buoc: X5, u;; = 1; u; €[0,..,1]; i=1..N (18)

IV. THUAT TOAN LAP LICH PE XUAT

Thuat toan c6 thé mé ta nhu sau:

o
e
(a

dau

Phan cum cdc node trong mang theo FCM(C) [23]

Véi mdéi TTI t
Thuc hién giri dif 1iéu theo yéu cdu tdi cdc node trong mang
Tinh ndng luong tiéu thu toan mang J(t)
Néu J(t) > J(t-1)

. Phdn cum lai cdc node trong mang theo FCM(C) [23]

2. Chuyén dén TTI t+1

.3. Lap lai budc 2

. Gid nguyén trang thdi mang hién tai va ldp lai budc 2

Cho dén khi hét hé théng ldp lich hét di liéu duoc yéu cdu tdi cdc node trong mang
hodc hét thoi gian truyén

thac

[SURN\CI \ U \C O O O ACTRAO L
DWW w W~
[y

&
o

Nhu vy c6 thé thdy, md hinh d& xuit dat duoc su tdi uu vé biang thong cua hé thong do dir liéu dwoc cip phét
t6i nguoi ding c6 chit luong kénh truyén tét nhat tai moi thoi diém. Bén canh do, hé thdng tinh toan phan cum cac
node tinh va dong trong mang sao cho véi cac node di dong ¢ xa tram co s¢ s€ khdng yéu cau dir liéu truc tiép tir tram
co s& ma s& nhan tai nguyén thong qua ndt chi ciia mang tinh. Theo cach nay, h¢ thong dam bao dugc tinh cong bang
gitra cac thiét bi va véi truong hop cum cb dinh c6 node di dong s& ludn co téng ning lugng tiéu thy thap nhat.

V.KET LUAN

Trong bai béo nay, nhom tac gia da nghién ctru d& xuat mo hinh lap lich lai cho mang gom céc niit cam bién va
nut di dong trong mang LTE. M0 hinh de xuat dap tmg dugc yéu cau bai toan dét ra la: toi vu bang thong cho hé thong;
dam bao tinh cong bang gitra cac thiét bi va tiét kiém nang luong.

Két qua dat dugc cua bai bao 1a dong luc dé nhom tiép tuc nghién ctu cai tién thuat toan trong thoi gian téi.
Nhoém dua ra y tudng nghién ciu, cai tién mé hinh d& xuit nhu bd sung yéu té dia hinh va anh huéng cia mai truong
truyén dan dén chit lwong dich vu vao thuat toan nhim hién thuc hoa bai toan lap lich tai nguyén trong cac tng dung
thanh phé théng minh tai Viét Nam.
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RESEARCH AND PROPOSE AN IMPROVEMENT OF RESOURSE SCHEDULING PROBLEM IN
LONG TERM EVOLUTION NETWORK FOR DOWNLINK ALGORITHM COMBINING
BETWEEN TIME AND FREQUENCY DOMAIN

Le Minh Tuan, Dang Thanh Hai, Vu Nhu Lan, Le Hoang Son, Dinh Thu Khanh

ABSTRACT: Distribution of resources to users in the Long Term Evolution (LTE) network is one of the important problems
in order to increase the quality of service (QoS) of the network. In fact, users in the network can be mobile devices or sensor
devices. When a mobile device moves in or move out of the coverage of a base station (BS) or when a sensor node runs out of
energy, the structure of the network changes constantly and is difficult to predict. Besides, different users on the network have
different resource requirements, which has made the problem of resource distribution very complicated. Currently, many solutions
have been proposed to optimize resource distribution in LTE networks, but studies mainly focus on resource allocation for mobile
devices, and not too much mention about allocate resources to sensor devices. In this paper, we propose a hybrid resource
distribution scheduling algorithm in an LTE network that combines both time and frequency domain to distribute resources to users.
The hybrid scheduling algorithm ensures: satisfies fairness, optimizes bandwidth among users and ensures energy savings for
sensor users. To solve the problem, Pareto optimization is used to find the common solution to the problem.

Keywords: Downlink scheduling, long term evolution, dynamic network, sensor, mobility.



