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Tém tit: Hé théng truyén thong anh sang nhin thay
VLC (Visible Light Communications) la mét giai phap
truyén théng téc do cao duoc phat trién manh mé trong
nhimg nam gan day. Do giéi han ving phu ciia 4nh sang
nhin thdy, cac hé thong VLC da diém truy nhap da duoc
trién khai nhim cung cép tdi ngudi dung cac két ndi lién
mach trong dién rong. Klen truc da diém truy nhap nay da
hd tro chat luong két ndi va tinh di dong cua dau cudi.
Tuy nhién, van dé chuyén giao dam bao hiéu ning hé
thong nhu théng lwong hodc do tré ludn 1a mét thach thic
khi t6n tai nhidu bién tham sb rang budc. Thém vao do, su
bién thién cta tham sé nguoi sir dung ciing dua ra thém
rang budc cho bai toan t6i wu mang. Bai bao nay s& trinh
bay va danh gia co ché lap lich chuyén giao lién két chii
dong tuong thich voi cac diéu kién hoat dong khac nhau
cta ngudi ding ma cac nghién clru trude chua dé cap.
Céc két qua mo phong sé duge thuc hién dé 1am ddi sanh
giita lwoc dd cta chung t6i voi cac nghién ctru khac va
nham dua ra cac khuyén nghi hitu ich.!

Tir khéa: VLC da diém truy nhap, chuyén giao lién
két, truyén dan phoi hgp, hiéu nang.

I. GIOI THIEU CHUNG

Trong mot sb nim gan day, truyén thong khong day
qua 4nh sang nhin thiy VLC dugc coi 1 cong nghé cau
ndi toi 5G do huong loi rat 16n tir sw phd bién cua cong
nghé LED. Véi hiéu sudt phd khu vic cao va kha ning
gy nhiéu thap ddi véi cac tan sb thong thuong, hé thong
VLC c6 tmg dung 16n trong rat nhidu méi truong va linh
vuc trong doi song [1].

Su két hop VLC véi cac giai phap khac trong cdu hinh
phirc hop da dem lai rat nhiéu éimg dung hiru ich va 1a tim
diém nghién ctru gan gay [3][4]. Hé thong VLC da diém
truy nhép trong nha dugc xay dung va phat trién theo
nhiéu cdu hinh khac nhau va tiry thudc vao cac muc tiéu
thiét ké riéng biét. Trong do6, cau hinh VLC hdn hop diém
truy nhap AP (Access Point) gdm AP trdn va AP ban
dugc dé xut hudng t6i muyc tiéu cung cap dich vu cho
ngudi dung ca di dong va ¢b dinh [5] [6]. Tuy nhién,
thach thire vé chuyén giao lién két trong cau hinh nay lai
duoc dat ra nhu mot muc tiéu chinh vé hi¢u nang dbi véi
cac nha nghién ctru va trién khai.

Cac quyét dinh chuyén giao 1a yéu t& then chdt trong
van & hleu nang mang va dugc nghién ciru gan diy. Bén
canh quyét dinh chuyén giao cimg, cuong do tin hiéu thu
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duoc st dung dé xac dinh dich AP chuyén giao nham
giam du thira va tang hiéu qua chuyén giao [7] [8]. Hudng
tiép can dua trén vi tri st dung lich st vi tri va du doan
chuyén dong ciia nguoi ding dé dua ra quyét dinh chuyén
giao [9] [10]. Dya trén dic trung truyén thong va cu trac
hinh hoc cac luoc d6 chuyén giao lién két chu dong duoc
dé xuat nham dam bao QoS cua ngudi sir dung 11] [12]

Cac két qua da cho thiy tinh hiéu qua clia cia cac dé xuat
vé mat thong luong va do tré chuyén giao. Tuy nhién, cac
diéu kién bién dong ctia nguoi ding nhu Iuu lugng tai hay
toe do di chuyén ctia nguoi dung chua dugc dé cap dén
trong cic quyét dinh chuyén giao trén. Vi vay, bai bao
nay trinh bay dé xuét va danh gia co ché chuyén giao chu
dong theo ngudng nham twong thich véi bién tham sb dau
vao cua nguoi dung.

B6 cuc cta bai bao nhu sau. Phan tiép theo sé trinh bay
vé mo hinh hé théng VLC véi kich ban da diém truy nhap
AP cung véi cac dic trung hé thong. Phan 111 s& khai quat
lugc d6 dé xuat cua chung toi va cac két qua di sanh véi
cac lugc dd khac. Phan cubi cing s& 1a két luan va hudng
phat trién tiép theo.

Il. MO HINHHE THONG VLC
A. M6 ta cdu triic hé thong

Ta xem xét mot hé thong VLC da AP dién hinh gém c6
cac thanh phan co ban véi cac chi s6 dinh danh: diém truy
nhap tran A°, i=/1,2,..,NJ; truy nhap ban A”,
J=[12,...M]; ngusi ding U, u=/1,2,...UJ; bd diéu phdi
chiu trach nhiém quan ly di dong va phan bd tai nguyén,
CO (Coordinator). Khoang cach gilra cac bo truy nhép va
nguoi ding so véi san lan lugt 1a h,, hyva h, cho AP
tran, ban va nguoi ding tuong tng.

Thiét bi nguoi dung U sir dung hai kénh truyén thong:
kénh tan s6 vo tuyén RF (Radio Frequency) cho diéu
khién lién két va kénh VLC cho truyén tai dir liéu [13].
Kénh dudng xudng st dung k¥ thuat tai st dung tan sb
phén doan FFR (Fractional Frequency Reuse) va ghép
kénh phén chia tin sé truc giao quang tryc tiép DCO-
OFDM (DC biased Optical-OFDM)[6]. Bé phan tai, giam
nhidu lién kénh CCI (Co-Channel Interference), 05 dai tin
duogc st dung gdm 01 dai tin cho DAP va 04 dai tin con
lai cho cac CAP lan can theo bd cuc hinh ludi. Mdi diém
truy nhap AP cung cip mot kénh chia sé séng mang con
theo phuong thuc da truy nhap phan chia thoi gian
TDMA (Time Division Mutiple Access) cho cac duong
xudng. Mbi thiét bi nguoi ding U quét cac kénh phat
song cua AP phuc vu va cac AP lan can dé dinh ky do
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cuong d¢ tin hiéu nhan dugc RSS (Received Signal
Strength) va nhén dang AP. DPong thoi, cac diém truy
nhap AP udc tinh ty s0 tin hiéu trén nhleu SNR (Signal
Noise Ratio)dé quyét dinh kénh duong xudng.
B. M6 hinh kénh dwong xuéng

Kénh duong xudng cia hé thong VLC dién hinh gom
hai loai c6 tim nhin thing LOS (Line of Sight) va khong
¢6 tam nhin thang NLOS (Non-line of Sight) [13]. Trong
mo hinh nay, ta bé qua tin hiéu nhan dugc tir cac kénh
NLOS do cong suét rat nho so véi LOS. Kénh LOS duogc
biéu dién qua muc ting dong dién mot chiéu[14].

(m+1)A
27d?
Oy =y,
Trong d6, A 1a ving vat 1y ctia dau thu quang (PD); d la
khoang cach Euclide gitta AP voi PD cua UE; i 1a goc téi

Go cos"(AT.(I9W).0<y <ve gy

tai may thu va cling 1a d6 loi ctia bd loc quang, ¢la goc
¢T.(w);mla chi sb Lambertian,
m=-In(2)/In(cos(®d,;,)) véid,,la goéc buc xa nua

chiéu xa, v o=

cuong do cua chip LED; y, la d6 rong truong nhin tai
phia thu; do loi cta bd tip trung quang co thé dugce tinh

nhu sau:
2

n
g~ {5y =V = @
Oy 2y,
Trong d6, nla chi s khuc xa ciia khong khi.
Cong suit tin hiéu dién duoc truyén bai APi trén song
mang con dugc xac dinh nhu sau [15]:

P2
P o=——% (3
elec,i,k (K 2),02 ()
P (4)

VL E[X]

Trong do, R,, 1a cong sudt quang truyén trung binh, X,
la sai léch dong mét chiéu, X, (t) 1a ky hiéu OFDM trén
s6ng mang con k,(K-2) la s6 luong séng mang con mang
tin hiéu va E[.] 1a toan tir ky vong.

Cong suét tin hiéu trung binh nhan dugc cialU  to A
trén song mang con k dugc xac dinh theo cong thirc saul.

P|uk = R2 qu elec,i k (5)

Trong d6, G, 1a do loi kénh tir AR dén UE,. R, la
higu suat chuyén doi 4nh sang thanh tin hi¢u di¢n.

“Khi st dung ky thuét tai sir dung tan s6 phan doan FFR
dé phan bd phd khac nhau cho cac AP thinhiéu dong kénh
CCl cho cac Uduoc bé qua.Ti s6 tin hidu trén nhiéu

SNRcta U, trén song mang con tu AP, dugc xac dinh
theo cong thirc dudi day.
R2 GI u Pelec ik
SNR,,, =2 Elk ()
oy

Trong @6, O'k2 la cong sudt nhidu nhan duoc do tac dong
nhidu 1én séng mang conk, cong sudt nhiéu dugc xac
dinh bai [16]:
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4K,T,B
O'k2 =20q1,,Bsc + ASE (7)
F

Trong do, | la dong dién nén do dén nén gay ra,

bg
B;. =W /K 1a bang théng cua séng mang con voiW la
tong bang thong. Hang s dién tich 14 q= 1.6 -10™° C,
K, 12 hang sb Boltzmann, T,1a nhiét do tuyét ddi, R, 1a
murc ting cua tin hiéu khi di qua bd khuéch dai tré khang
chuyén tiép.

Vi kénh LOS, hién tugng gian doan kénh co thé xay
ra do cac vat thé di chuyén vao vung truyén théng. Dé mo
ta hién tugng nay, 03 dac trung cho hién tugng chan kénh
cia mot cip (APi, Uu) dugc dua ra gdm ty 1& xut hién
Ay » ty 1€ chiém dong7; , va mirc d¢ tic nghén ¢, [17].
Mirc d6 tic nghén duoc biéu thi bang thang do tir [0-1],

cong thuc (5) (6) duoc chuyen thanh cong thic (8) dudi
day. Ty sb tin hiéu trén nhiéu dugc biéu dién trong cong
thire (9).

(1 §| u)R2 Glzu elec,i k (8)
2d Glzu elec,i k
SNR = (1-§;,) 5= ©)
O-k

ll. DE XUAT VA DPANH GIA HIEU NANG
A. Nguyén tic chuyén giao lién két chii dong

Trong nghién ctru ndy, ching toi da dé xudt co ché
chuyén giao lién két chu dong két hop truyén dan da
diémtruy nhap hop taccho mang VLC, goi 1a co ché
CMcT-HO (Combination of the coordinated Multi-
channel Transmission — HandOver). Céc diém chinh coa
co ché CMcT-HO duge tom tit nhu sau.

Coordinator

Hinh 1: Lwgc do chuyén giao lién két chii dong

Co ché chuyén giao duogc thuc hién khi U di chuyén
ngiu nhién vao ving phu chdng lan giita hai AP. Thong
qua co ché do luong tai, CMcT-HO cho phép chia tai giira
cac AP ¢ luong tai khac nhau va quyét dinh chuyén giao
nham dam bao két ndi lién mach cho U di chuyén hoic bi
chan kénh. Dé thyc hién diéu nay, CMcT-HO gom ba quéa
trinh: Quyét dinh chuyén giao, truyén dir liéu va quyét
dinh chon lai.

(i) Quyét dinh chuyén giao

Dua trén thong tin muc tin hiéu nhén dugc tr U, b
didu phdi kiém tra tip hop cac AP, (AP-set) nhim xéac
dinh sy kha dung tai nguyén tir caic AP dé cho phép
truyén da kénh phdi hop. Khi ton tai AP kha dung, bd
diéu phéi thuc hién cac thu tuc sau:
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Xay dung mot danh sach AP du phong cho U, List-
APu; mot Aj thoa mén di€u kién SNR;, >SNR; ; voi
SNR
tha‘ip nhét thi s& ndm trong danh sach, thuc nghiém cho
thay SNR . =13.4dB [11].

Bo diéu ’phc”')i chon Ay dé chuyén tiép dua trén cip hai
b tham s0: SNR, VA Rty 1& tai cua A Ty so tin

inj 12 gid tri SNR truyén dit lidu tai mic diéu ché

min,k

hiéu trén nhiu dugc xac dinh qua cong thirc (9) trén day
va ty 1€ tai ciia Ak dugc xac dinh théng qua s6 lugng U
trong vung phu chuyén ti€p theo cong thirc dudi day.

n _NJAEN,(A)

k,load —
N

(10)
TS max

Trong d6, N,(A)VvaN,(A)la sé lugng cic U nim
trong tip AP chinh va AP chuyén giao tuwong Ung.
Nrsmaxla s6 Iwong t6i da cac khe thoi gian phan bd cho cac
U trong mdt khung thoi gian.

Khi d6, Ax duoc chon thoa méan hai diéu kién ddng thoi
sau: Ty I¢ tai dugc xac dinh nhé nhét trong tap va co ty 1€
tin hiéu trén nhidu cao nhat.

(i) Truyén dit liéu

Truyén dir liéu tir cac AP xuéng U duoc thuc hién theo

khung phén bd tai nguyén. Khung F,qsu danh cho AP

chinh sir dung trong két ndi hién thoi va khung F.u danh
cho AP hd trg. Thuat toan thuc hién quét cac kénh kha
dung chinh trude khi téi cac khung ho trg theo cac khe

thoi gian 1an luot.

I",),.,(z/) U

sl T T T s T

Fox(u) Uy,

s T T T s
Eyyisupframe Feyssupframe

Hinh 2: Phdn bé khe thoi gian chuyén giao

(iii) Quyét dinh chon lai

Khi nguoi dung U di chuyén, chit lvong cua kénh hd
trg ¢ thé thay dbi hodc tic nghén. Trudng hop U di
chuyén khoi ving hién tai ma khong ¢6 tng vién AP hd
tro thi bo diéu phéi ra quyét dinh chon lai trong tap AP.
Dé tranh viéc thiét 1ap AP hd tro bi lap di lap lai, mot ham
thoi gian cap nhéttypdaeduoc dua ra dé quyét dinh ¢6 nén
cap nhat kénh hd tro hay khéng. Gia sir U, hién két ndi
t6i A va bo diéu phdi tim thdy A la ung vién tét hon
trong tip danh sach chd. Ham thoi gian thuc hién tri hodn
mot khoang thoi gian cho dén khi te>tupdate thi quyét dinh
chuyén giao. Néu bo diéu phdi khong co tmg vién tét hon,
kénh hd trg cii van sé duoc duy tri.

B. Dé xudt chuyén giao dira trén ngudng

Do kién triic mang VCL da diém truy nhap chtra hai
tap AP khac nhau vé dic tinh, cac diéu kién chuyén giao
va tai phan bd tai nguyén mai xudt hién va can duoc giai
quyét. Piéu kién chuyén giao lién két chii dong dwoc xac
dinh boi hai tinh hudng lién quan t6i kha ning chan cia
kénh chinh dang lién lac (bi chin hodc khong bi chan).

Ddi v6i truong hop kénh chinh bi chan, ngudng chuyén
giao quyét dinh bdi sai 1éch tin hi¢u thu RSS qua khur va
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hién thoi. gia tri ngudng nay duoc xac dinh theo bién do
tré p [17].

pprev - pcurr 2 P (11)
Tuy nhién, cic vat chin ngiu nhién thoi gian ngén s& dnh
huong t6i hiéu qua chuyén giao. Ching t6i st dung thoi
gian tré quyét dinh chuyén giao tno dé giam thiéu hau qua
cua hiéu ung nay.
béi voi truong hop kénh chinh khong bi chén, cac kich
ban chuyén giao Ai sang Ajtheo ngudng duoc xac dinh
gom:
- Chuyén giao tir AP tran sang AP tran dua trén ngudng
cong suat & .
P-R=6 (12)
- Chuyén giao tir AP tran sang AP ban duwa theo ngudng
thoi gian chuyén giao tro.
- Chuyén giao tir AP ban sang AP tran, ngudng chuyén
giao dya trén cong suat ti thiéu va ngudng chénh léch.
P <P.itd (13)
C. Dadnh gia hiéu nang
Chung t6i sir dung mot kich ban VLC trong nha dién hinh
voi khong gian (12x12%2.5) m. Vi N=9, M=10 cac AP
tran va AP ban dugc bd tri nhu hinh 3,mé hinh chuyén
dong cia U 1a ngdu nhién. Cac sy kién tic nghén kénh
duong xudng cho U dugc tao theo tién trinh Poisson véi
ty 18 dén trung binh 1a ty 1¢ kénh bi chan nhu trong [17].

O APtrain ® AP ban
||
@AIC  @A,C A;DOA;C
u [}
A/D A4D 8|
AgD
OAC  OAC  OALC
|| |
[}
AD  AsD 40h
|
AIDOA7(‘ AsDOA4C @AyC
£33
AP

Hinh 3: Vj tri ldp dat diém truy nhdp

Céc tham s6 md phong dwoc trinh bay trong bang 1
duoi day.
Bdng 1: Cdc tham sé mé phong

Tham sb Gia tri
Thoi gian md phong 4000 s
Khe thoi gian (ts) 0.001s
Khung thoi gian F 10ts
Dién tich PD (A) 1 cm?
Goc FOV (v,) 70°
Hiéu suat bién d6i o/E 0.53 AW
D0 loi loc quang T, () 1
Cdng suat AP tran 50W
Cdng suat AP ban 25W
S6 séng mang con AP 300
Bing thong séng con 15kHz
Ngudng SNR 13.4dB
Ngudng tai 0.2-0.6
Bién d6 chuyén giao O 3dB
Thoi gian cap nhat tupdate 0.1s
Thoi gian tré tho 0.5-1.0s
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Ngudng RSS p 7dB
Codng suat toi thiéu Prin,i 0.263 W
Ty lé nghén A 0.16

Dé danh gia hiéu qua clia d¢ xuat, chung toi sir dung
d01 sach voi cac luge dd chuyén tiép cua cac tac gia trude
gdm: Location Aware HO [9] va ComP-JT HO [11]. Két
qua trong hinh 4 duéi day cho thay théng luong cua
nguoi ding U t6t nhét khi sir dung lugc do dé xuét.

=8-ComP-IT HO

-
g Location-Aware HO| |
—6—Proposed CMeT HO| |

UE's throughput [Mbps]

4 H |
20 25 30 35 40 45 50 55 60
Number of UEs

Hinh 4: S6 leong va théng leong ciia nguoi ding

a5 T []

Hinh 5: Théng lwong phu thudc thoi gian nguong tré

Hinh 5 biéu dién thong lwong cua ngudi ding U theo
co ché CMcT-HO véi cac gia tri ngudng thoi gian chuyén
giao tuo khac nhau. Cac gia tri ngudng tuo ting 1én dong
nghia do tre chuyén giao tang va kéo theo kha nang bi
mat két ndi ting va dan t6i thong luong ciia UE bi giam
di. Tuy nhién, mic théng lugng chi giam manh khi tho
lan cén thoi gian cdp nhat.

v =1, CMcT-HO

25 3 ,‘5‘ 4 45 5 55 6 6.5 7 7S
UE's throughput[Mbps]

Hinh 6: Théng lwong phu thudc toc dg di chuyén U

Nhim dénh gi4 kha ning twong thich ciia CMct-HO véi
téc d6 di chuyén cua nguoi ding, hinh 6 chi ra két qua mo
phong vé sy bién thién thong luong ciia ngudi ding U.
Két qua cho thiy khi toc d6 di chuyén tang, thong luong
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ngudi ding giam di do s6 1an chuyén giao tang 1én. Tuy
nhién, kha ning hop tac chuyén giao theo ngudng cho
thdy su khac biét rd rang chi giita cac chi sd can bién. Vi
vay, hiéu ning hé théng 6n dinh trong mot dai toc do di
chuyén ctia ngudi dung.

e = 02, CMeT-HO| |
=04, CMT-HO
0.6, CMET-HO
)8, CMCT-HO
are HO

06|
S0/
3

04t

02}

0.1+

. Théng lllqm:!;inglr(n ittlmg |i;:bp<]
Hinh 7: Thong luong phuy thudéc nguong tai

Ngudng tai trong chuyén giao hop tac dong vai tro
quan trong t6i hiéu niang nguoi dung. Hinh 7 chi ra két
quéa ddi sanh vai cac két qua nghién ciru trude. Khi gia tri
ngudng tai thap, co hoi truyén dan hop tac CMcT-HO sé&
duoc thuc hién nhiéu hon. Déng thoi, xac suit chon lai
cac AP khac thap di dang ké da dan t6i thong luong ting.
Véi céc didu kién mie tai khdc nhau, CMcT-HO ludn ¢6
thong luong vugt trdi so voi cac luge dd khac.

IV. KET LUAN

Chuyén giao dam bao chit luong cho mang VLC da
diém truy nhap phirc hop 1 mot trong cac giai phap nang
cao hiéu ning mang. Théng qua co ché 1ap lich va phdi
hop cac diéu kién chuyén giao, co ché CMcT-HO dé xuét
dd dem lai hiéu qua t6t hon so véi cac phuong phap dé
xuit trude ddy va minh chimg bang mo phong so. Thém
vao do, cac diéu kién ciia nguoi sir dung lién quan t6i toc
d6 di chuyén ciing da dwoc bd sung trong nghién ctru nay.
Pé hd tro nhanh cac quyét dinh chuyén giao trong cac
mdi trudng tmg dung khac, huéng nghién ctru tiép theo s&
tap trung vao cac hd tro quyét dinh dua trén tiép can kinh
nghiém nhim giam d6 phirc tap tinh toan, nang cao hiéu
qua chuyén giao va c¢6 duoc cac quyét dinh nhanh trong
cau tric mang phéan tan.
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THE PERFORMANCE OF A NOVEL PROACTIVE
LINK HANDOVER FOR INDOOR VLC
NETWORKS

Abstract—Visible Light Communication (VLC) is a high-
speed communication solution that has been strongly developed
in recent years. Due to the limited coverage of visible light
communication, multiple access points VLC systems have been
deployed to provide users with seamless connections over a
wide area. This multiple-access points VLC architecture has
supported end-users utilities such as end-to-end connectivity and
mobility. However, ensuring network performance in the
handover process is a remained challenge to researchers when
there are existed many constrained parameter variables. In
addition, the variation of user parameters also adds more
constraints to the network optimization problem. This paper
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proposes a novel proactive link handover scheme to enhance the
multiple-access points VLC network performance in varied user
conditions which have not mentioned in previous studies. The
numerical simulation results will be provided to compare with
other studies and to provide useful recommendations.

Keywords— Multiple-acess Points VLC,link handover
scheme, coordinated transmission, network performance.
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