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Tém tit:

Pé hé tro luu lwong ngay cang tang tir cae dich vu mang da dang, viéc trién khai cac mang cuc ky dey
dcic (UDN: ultra dense networks) nhdam ndng cao tong dung luong cia cdc mang khong ddy thé hé thie 5 (5G) L
khong thé tranh khoi. Tuy nhién, viéc ting mat do mang véi sé luong té bao nhé ngay cang tang co nhiimg théach
thire déng ké vé chdt lwong cung cdp dich vu va chi phi trién khai vi sw phike tap clia mang ting lén, pht bdo
hiéu va nhiéu gifia cdc 16 bao. Trong bai bdo nay, cdc té bao do nho (VSC: virtual small cell) dwoc hinh thanh
theo dléu kién luu lwong va yéu cdu cia dich vu, dwoc xem la gidi phdp cho viée cung cdp dich vu c6 hiéu qua
kinh té va dang tin cdy cho céc mang cuc ky day ddc 5G. Bai bdo nay de xudt so do hinh thanh VSC dua trén
phdn cum K-means va viéc chuyen doi giao thirc tuwong vmg dé rruyen dit lieu qua cdc mang khong dwoc cap
phép va duwoc cdp phép tai dau 1é bao (CH:cell head ) dwoc phdt trién. Dua trén thiét ké kién triic cia cdc 16
bdo do nho, mot thudt todn cdp phat tdi nguyén moi ciing dwoc dé xudt cho vién canh ciia cdc té bao do nho dé

ndng cao leu luong trén hé thong voi tinh cong bang tuong duong.

Tir khéa: Té bao do nho, chuyén doi giao thue.

1. Mé dau

Su phat trién cua cac thiét bi théng minh, xe
tu lai sép c6 va su phat trién manh cua ung dung
mang ludi van vat két ndi (IoT) du kién sé mang lai
luu luong dir liéu ting dang ké cho co so ha tang
mang khong day hién tai, diéu nay doi hdi phai
nghién ctru va phat trién mang thé hé thir 5 (5G). Két
qua la, mang cuc ky day dac (UDN) da duoc coi la
mot giai phap day hira hen dé doi pho véi su bung
nd gia tang lwu luong va hé tro cac dich vu toc do
cao théng qua viéc trién khai tram gbc nho(SBS:
small base station) cuc ky day dac voi khoang cach
truven tai giam giira nguoi dung va diém truy cap
[1]. Trong khi do, cac img dung mang da dang ngay
cang gia tang, chang han nhu cac tro choi truc tuyén,
xe duoc két ndi va may moc 'thong minh, doi hoi ca
dung luong 16n va cung cip chat luong dich vu
(QoS: quality of service) da dang [2].

Mac du dung lugng tang manh vi tang mat do
mang, viéc trién khai mét s6 luong 1on cac té bao
nho dit ra nhitng thach thirc mdi vé cung cap chat
lwong dich vu, chi phi trién khai mang tang dang ké
va cac kho khan van hanh, chu yéu la do chi phi
trién khai SBS ¢6 dinh ciing nhu phi bao hiéu can
thiét cho viéc phdi hop mang va quan ly tai nguyén.
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Ngoai ra, viéc trién khai day dic cac co so ha ting
mang dan dén sy nhifu nghiém trong gifra cac té bao
nho lan can, ma cudi cung anh hudng dén viée cung
cap chat luong dich vu . Hon nita, cac dich vu da
dang sé duoc hd tro boi cac mang 5G thé hé tiép
theo cung vdi cac thiét bi sir dung khong dong nhat
(UEs: user devices) hién hiru. Nhiéu dich vu ciing
yéu cau cung cap chat luong dich vu véi do tré khac
nhau [3].

D¢ giai quyét nhitng thach thic nay, cac VSC
di dugc dé xuat nhu mot giai phap cho viéc cung
cép dich vu ¢6 hi¢u qua kinh té va dang tin cay cho
cac mang cuc ky day dac 5G [4]. Cac VSC la mot
mang di dong duoc hd tro boi co so ha ting mang
khong day thich ing, noi ma cac VSC tam thoi duoc
hinh thanh dé ning cao ph6 tin va hiéu qua kinh té
[5]. Trong cac VSC, cac thiét bi di dong thich hop
duogc chon lam nhitng ung vién CH va hoat dong
nhu cac SBS 40 dé co thé giam chi phi lap dat cac
SBS ao co dinh[6]. Cac CH nay tap hop luu luong
giita cac té bao  trong bang tan khong duogc cap phep
va sau do chuyén tiép Iuu lwong két hop t6i tram gdc
té bao macro(MBS macro-cell base station) thong
qua bang tan di dong [7]. Bang cach su dung bang
tan khac nhau, nhidu giita cac té bao glam manh va
dong thoi chat lwong dich vu dugc cai thién. Muc



tiéu cu thé cua bai bao nay 1a phat trién co so ha ting
mang khong diy thich tng véi phd tin cao va co
hiéu qua kinh té trong khi yéu cau vé cac dich vu da
dang tir cac UE khac nhau vé toc do dit liéu va dong
thoi ¢6 thé dap tng chat luong dich vu.

2. M4 hinh hé théng

Kién truc mang cua mang di dong 5G vdi cac
VSC x¢ét trong bai bao nay duoc the hién trong Hinh
1. MBS quy¢t dinh hinh thanh cac VSC khi cac ving
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muc tiéu ¢ mat do nguoi dung cao hodc cao tai. Tin
hiéu tai cua t& bao macro co6 thé duoc trao dbi dinh
ky trén giao dién X2 giita cac MBS. Hon nita, cac
MBS co thé tim thiy cac kénh con tw do con lai
bang cach giam sat viéc truyén di lién tuc hoac thu
thap cac bao cao tir nguoi dung [8]. Bang cach nay,
cac MBS c¢6 thé quyét dinh hinh thanh té bao nho ao
cho khu vire cao tai tam thoi, va cp cac kénh con tu
do c6 sin dé truyén dan ndi bo VSC.
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Hinh 1. Mang di déng dwogc hd trg béi sy hinh thanh VSC.

Trong Hinh 1, may chu hinh thanh VSC
thuc hién thuat toan hinh thanh VSC cho tat ca cac
MBS. Khi bit dau tai xubng dit liéu HTTP khai tao
cac UE dién hinh, cac UE giti yéu cu t6i may chu
cung cap ndi dung thong tin qua cac MBS va yéu
cau HTTP bao gom dit liéu thong tin z cua thiét bi di
dong, trong d6 z bao gdm théng tin vi tri nguoi
ding, co6 thé do duoc thong qua cac diém tham chiéu
¢6 san [9], tinh phi trén mdi don vi dé phan phdi dit
liu (néu dung nhu CH), va muc ning luong cua cic
UE [10]. Sau d6, may chii cung cap ndi dung thong
tin s¢ thu thap thong tin cua mot bo cac thiét bi di
dong (t6t nhat la nhitng ndi dung thong tin tuong tur
duoc yéu cau) va gui dén may chu hinh thanh cac
VSC. May chu hinh thanh cac VSC sau do6 thyuc hién
thuét toan dua trén phan cum K-means dé hinh thanh
cac VSC bing cach sir dung thong tin v& vi tri va
chon CH bang cach sir dung thong tin vé kénh va
nang luong. Cac UE khong duogc phan cum thanh
bat ky t¢ bao a0 nho nao sé& tu lién lac truc tiép VOl
cac MBS.

Sau do, nha cung cap ndi dung thong tin gui
truc tiép nhitng ndi dung thong tin dwoc yéu cau dén
CH va tao cac goi siéu dit liéu chuyén hudng cho
tung UE noi bo t& bao ao nho. Goi siéu dir liéu
truyén thong tin vé su lwa chon cac kénh con khong
duoc cap phép, dia chi cuia CH va thoéng tin ding
nhap, ID / mat khau dang nhap cho cac thiét bi noi
b6 té bao ao khac dé truy cap CH. Sau do, CH cap
nhat cac thiét bi thanh vién coa nd cho MBS va
MBS sé chi duy tri mot kénh kiém soat can ban voi
cac thiét bi thanh vién dé kiém soat chat luong dich
vu. Cac thiét bi di dong khac sau do yéu cau dit lidu
tir CH va CH s& lam nhiém vu chuyén tiép cho VSC.
Khi CH tip hop luu luong trong bang tan khong

duoc cap phép va truyén khoi lwong luu luong cao
v6i MBS trong bing tan duoc cap phép, ca quy trinh
tong hop Iuu luong qua UDN va cdp phat tai nguyén
gitta cac VSC khac nhau s¢ la mét thach thirc. Do do
trong cac phan sau, viéc chuyén doi giao thuc tai CH
va so do cap phat tai nguyén cho VSC s& duoc phan
tich va phat trién.

Quy trinh thuc hién va thu thap théng tin noi
trén ciing duoc mo ta qua biéu db trong Hinh 2. Luu
y rang dé dam bao chat luong dich vu cua cac ing
dung nguoi dung. viée cung cap dich vu cua UE co
yéu cau do tré cao, chang han nhu nhiing yéu cau
nhay cam véi do tré, s& bi xoa khoi VSC va lién lac
truc tiép véi MBS. K-means 1a mét trong nhiing
thuat toan hoc noi tiéng vé qua trinh phan cum [11].
Nhu trinh bay trong Thuat toan 1, ) lwong UE N
trong khu vuc cao tai, ma tran vi tri g cia nguoi
ding va s6 luong trung tAim Koy, sé duoc thu thap
trudce tai may chu hinh thanh VSC. Sau do, cac vong
lap trong Thudt toan 1 duoc ap dung dé xac dinh
cum tot nhat cho mdi diém dit liéu bang cach tim
khoang cach binh phwong trung binh tdi thiéu. Cudi
cung, N UE dugc gan vao cac trung tam K., (N>
Kinax). Tur [11], thoi gian hoat dong tron tru cua
phuong phap k-means bi chdn tai Nkmax va do do do
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phic tap tinh toan cua k-means ting lén theo sb

luong nguoi dung.
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Hinh 2. Thuit toan K-means thuc hién va thu thap théng tin hinh thanh VCS

3. Chuyén ddi giao thirc dé tong hep lwu lrgng

Trong thiét ké VSC dong dé xuét, CH dau tién
thu thap luu luong tir cac thiét bi thanh vién khac su
dung bang tin khong dugc cAp phép, chang han nhu
Wi-Fi va sau do truyén luu lwong dit lidu tong hop
tGi MBS trong bing tan duoc cap phép. Do viée st
dung bang tin khong dwoc cip phép, ching han nhu
Wi-Fi, trong mdi VSC. bd chuyén ddi giao thirc
duoc ap dung dé dat duoc Iuu luong truyén dan. Tuy
nhién, cac giao thirc cia mang di dong va Wi-Fi cé
nhiing khac biét co ban & cac Lop diéu khién truy
nhap moi truong (MAC): mang di dong thuong cod
giao thic MAC dua theo khung va tip trung phoi
hop cho phép diéu khién phan tan va da truy nhép

tranh xung dot (CSMA / CA). Do do, viéc chuyén
ddi giao thie va dong goi dit liéu qua bing tan dwoc
cap phép va khong duoc cap phép 1a can thiét cho
muc dich lién két mang.

Hinh 3 thé hién viéc chuyén déi giao thirc va
quy trinh dong gobi trong VSC. St dung mang LTE
lam vi du, gia st MBS st dung OFDM trong 16p vat
ly va cac ki thudt TDMA c6 dinh dé phan chia khe
thoi gian giita cac UE di dong binh thuong va CH.
Cac CH co hai giao dién mang, giao dién LTE két
n6i CH v6i MBS trong khi giao dién WiFi dugc sur
dung dé lién lac voi cac thiét bi thanh vién VSC.

MBS

UE di dong

Hinh 3. Quy trinh chuyén déi giao thirc va dong géi dit liéu tai mét té bao 4o nho
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4. So @ cAp phat tai nguyén trong sb cho
t€ bao nhé do

Trong thiét ké VSC duoc dé xuat, CH s hoat
dong & ché do da két néi (MCM), ddng thoi hd tro
mot hodc nhiéu két ndi. Mang di dong duoc st dung
nhu mét mang neo di dong va diéu khién dé cung
cap kha nang phat hién ving cao tai, giam sat chat
lugng dich vu ting cuong diéu khién thao tac.

V61 muc dich mo hinh hoa, mot VSC duoc
coi 1a mot nguoi ding va ti s6 tin hiéu trén nhidu
(SNR) duoc dat la gia tri SNR cao nhat trong so tat
ca cac thiét bi thanh vién. Viée cap phat tai nguyén
trong quy trinh truyén dir lidu duwong xuong trong
mot té bao LTE / LTE-A hoat dong & ché d6 FDD s&
dugc mo hinh hoa vé dung lwong mang va su cong
bang trong tinh hinh cao tai.

Gia su réng cd N nguoi dung di dong trong té
bao macro. Tong dung lugng trén mdi khung dugc
biéu thi bing Sior va chung toi gia su rang bing tan
khong duoc cap phép khong bi nghén ¢0 chai trong
ludng dit liéu do tinh chat tim ngan. Kénh cua nguoi
dung dién thoai di dong i c6 dic diém Rayleigh
fading tinh. Do do, SNR co thé dugc moé ta la mot
bién ngiu nhién C; véi SNRyitrung binh, sao cho
Ham phan phoi tich liy (CDF) cua SNR sé la
F (z)=1-¢""" . Thong tin trang thai kénh (CSI)

thu dwoc bing cach truyén mét goi dir liu mang
tinh thdm do dau tién tir MBS dén UE, va sau d6 thu
thap CSI do duogc tir UE t6i MBS thong qua khung
diéu khién. Chung t6i cling gia sur ¢0 san tai MBS.
Vé So d6 md hoa va dleu ché c¢6 sin M (MCSs), viée
truyén dit liéu s& c6 toc do khac nhau. Gia sir ring
MCS cho nguoi dung i 1a mét chirc nang cua SNR
tue thoi [13], vi du:

MCS, =k,C, e[th,;th, ],
k=1..M,th =0,th, <th ,ifp <q
Xac suat truyén dir liéu giira nguoi dung 7
(hoac CH/) va MBS dugc ma héa voi MC thu k la:

)= _rhkﬂ dF (z)=e ™7 —e M7
th,

S6 bit dit liéu dwoc truyén trong mét ky hiéu
OFDM véi MC thit k dugc bicu thi boi br.

Trong thiét ké VSC dé xuat, MBS Xép lich
cho cac VSC N. thay vi nguoi dung binh thuong.
Dicu na3 nghia la MBS quyet dinh VSC s€ duoc
cung cip, va sau do truyén giita CH va MBS xuét
hi¢n. Xac dinh X, la SNR cua VSC » (CL,), chung ta
co: Xy = max {Cj, j: u; € CL,}, n € {I ... N}, trong
d6 u; 1a nguoi dung 7 € {1 .. N }. Xem cac bién
ngu nhién C;1a cac bién doc lap, CDF cua X, duoc
tinh nhu sau:

F. 0= H F(2)= H (1-e 7,220

JECL, JECL,

Trong mdi quy trinh truyén, MCS duogc sir
dung chi phu thudc vao SNR tirc thoi cua kénh tot
nhét trong VSC duoc xép lich. Pidu nay 1a do trong
thiét ké VSC dé xudt, cac thiét bi thanh vién duoc
phan nhom theo cac loai dich vu va mat do, va chon
thiét bi thanh vién co chit lwong kénh tot nhat nhu
CH. MBS xép lich cho tat ca cac CH theo so do xép
lich cai tién cua chung toi, so db cap phét tai nguyén
trong s6 (W-RA), duoc thiét ké cho vién canh cia
VSC Tiép theo, toc d6 dir lidu trong phuong phap
cap phat tai nguyen duong co so, luan chuyén quay
vong, thuat x¢p lich (PF) s€ duoc phan tich cung véi
so d6 W-RA d& xuit va so sanh hiéu suat ciing sé
duoc néu trong phﬁn mo phong.

Luin chuyén quay vong (RR) RR la mot bo
xép lich don gian, cap phat tai nguyén co san bing
nhau gifra tat ca nguoi dung tham gia. Do do. luu
lwong cia mdi nguoi dung phy thude vao sé lugng
nguoi dung trong hé théng, xac suat ma dit lidu duoc
truyén tai mot MCS nhét dinh va tong s tai nguyén
trong hé thong Ri::

M
E[T] :%Rmzmﬁ’)bk,ie{l...N}
k=1
So d6 cip phat tai nguyén W-RA dwgc cai
tién cho thiét k& VSC. Trong nghién ciru nay,
ching t6i dé xuat mét so do cap phat tai nguyén
méi, cap phat tai nguyén trong s6 (W-RA), dé ning
cao luu lugng tong thé va 1én lich cong bing cia hé
théng VSC hd tro di dong. Trong s6 duoc bd sung
vao cac té bao ao nho theo sd luong thiét bi thanh
vién va loai dich vu:

o, =N /N.u &)

0 day N, biéu thi sb lugng thiét b1 thann vién
cua CL,. p la mot tham s tir 0 -1, vi gia tri cao hon
twong ung voi mirc do wu tién luu luong cao hon. Vi
du: video thoi ~gian thuc | (1) i intqrnet nhay cam
hon vdi1 do tre, wu tién on doi vdi cac ung
dung nhu chuyén email.

Khi do, toc do dit liéu trung binh ma VSC CL,
nhan duoc la:

A

— A

E|:TC’L":| =a, ot £y K
k=1

h,ic{l.N} (0
5. Mb phéng danh gi4 hi¢u suit

M5 phong MATLAB dugc thuc hién dé danh
gia hi¢u suat cua so do W-RA d¢ xuat cho cac t€ bao
a0 nho (cu thé, cAp phat tai nguyén giita cac CH).

©)
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Gia str rang 1000 khung s& duoc cap phat cho 15 té
bao ao nho voi cac yéu cdu vé chat lwong dich vu
khac nhau. Thoi lwong khung 1a 0,005 gidy. Toc do
dir liéu trung binh cua té bao macro dwoc cAp nhat
mdi lan cap phat dé hién thi két qua thoi gian thuc.

Hinh 5 thé hién két qua hinh thanh té bao ao
nho va xac dinh trung tAm / ban kinh cua té bao. 100
ngudi dung duoc tao ngau nhién trong mot khu viue
va thuat toan phan cum K-MEANS duoc thuc hi¢n
cho quy trinh hinh thanh té bao ao nho. C6 thé thay
trong hinh ring trong budc dau tién, nguoi dung
duoc nhém thanh mau xanh va mau do va trung tam
té bao ciing duoc quyét dinh. Sau do, nguoi dung xa
bi loai khoi cac té bao 4o bang cach sit dung khoang
cach trung binh cong voi d6 1éch chuan. B¢ tim ban
kinh cua cac té bao ao nho, ap dung pham vi truyén
cua giao thire IEEE 802.11p, va gia tri nho hon giita
pham vi truyén va khoang cach trung binh cong vdi
do 1&ch chuan sé la ban kinh ctia cac té bao a0 nho.

Hinh 6 th¢ hién sw so sanh cong bang cua ba
duong cap phat tai nguyén. RS rang la RR ¢o su
cong bing cao nhat, trong khi PF co két qua_cong
bang té hon vi RR cap phat tai nguyén dong déu ma
khong co diéu kién vé kénh hoic luu lugng mang
tong thé hodc cac yéu ciu chit luong dich vu. So dd
W-RA dé xuat c6 mirc do cong bang vira phai so voi
phuong phap duong co sé. Hinh 7 minh hoa su so
sanh luu luong cia so do6 W-RA dé xuat so véi
phuong phap duong co s trong thiét ké VSC. Tir
hinh v& co thé thdy ring so d6 W-RA dé xuét cung
cAp luu luong dang ké so vé6i PF. trong khi van duy
tri muc do cong bang vira phai nhu thé hién trong
Hinh 6.

4 .
- Cluster 1
all - Cluster 2
| x Center
2 | ’
1 L
b
oL
_1 L -
2L
-3 " L
-4 -2 0 2 4

Hinh 5. So' d6 hinh thanh té bao 40 nho dua trén phin
cum K-means
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Hinh 7. Luu lrong cia so dé W-RA dé xuit so véi
phwong phip dwong co sé

6. Két luan

D¢ dap tng yéu cAu dung lugng lon cua 5G
va doi pho vdi chi phi cao cua viée trién khai té bao
nho ¢6 dinh, mot thiét ké mang day dic moi thong
qua té bao a0 nhoé (VSC) duogc hinh thanh thich ung
theo diéu kién luu luong va duoc nghlen ctru trong
bai bao nay nham dat dugc viée cung cap dich vu co
hiéu qua kinh té. So db hinh thanh té bao ao nho dwa
trén phan cum K-means duoc d& xuét va chuyén doi
giao thire d¢ truyén dit lidu qua bang tan khong dugc
cap phép va duoc cap phép tai CH duoc thiét ké.
Dua trén kién tric mang di dong cua té bao ao nho
dé xuat, thuat toan cap phat tai nguyén trong so cung
da duoc phat trién cho vién canh cua VSC. Ca két
qua phan tich ly thuyét va moé phong déu xac nhan
rang so dd W-RA d& xuit co luu luong hé thng tot
voi su cong bé‘mg dich vu duoc cai thién cho kién
trac mang VSC.
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PROTOCOL CONVERSION AND WEIGHTED RECOURCE ALLOCATION
IN VIRTUAL SMALL CELLS OF 5G ULTRA DENSE NETWORKS FOR
COST - EFFECTIVE SERVICE PROVISIONING

Nguyen Thac Dung, Pham Thanh Binh, Le Pinh Manh

Telecommunications University

Abstract

In order to support dramatically increased traffic from diverse network services, deployment of ultra
dense networks to improve the overall capacity of the fifih generation (5G) wireless networks becomes
inevitable. However, network densification with increased number of small cells brings significant challenges
in terms of quality of service provisioning and deployment cost due to increased network complexity,
signalling overhead and inter-cell interference. In this paper, virtual small cell (VSC), which is formed
adaptively according to traffic condition and service requirements, is investigated as a solution for cost-
effective and reliable service provisioning in 5G ultra dense networks. A K-means clustering based VSC
formation scheme is proposed in this paper, and the corresponding protocol conversion for data transmission
across unlicensed and licensed networks at cell head (CH) is developed. Based on the VSC architecture design,
a new resource allocation algorithm is also proposed for VSC scenario in order to improve the system
throughput with comparable fairness.

Keywords: virtual small cell, Protocol Conversion
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