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3 V1C2016-Fall

Welcome to VTC2016-Fall in Montréal! MONTREAL
L LN : & Home
' Welcome

Registration

Hotel Information
Track Descriptions
Organizing Committee

Technical
Program Committee

Exhibits / Patronage
Conference Program
Best Papers

Program

2016 IEEE 84th Vehicular Technology Conference: VTC2016-Fall
18-21 September 2016, Montréal, Canada Plenary Speakers
Industry Track

The 2016 |IEEE 84th Vehicular Technology Conference will be held 18-21 September 2016 at the Hotel
Montreal Bonaventure, in Montréal, Canada. This semi-annual flagship conference of the IEEE Vehicular
Technology Society will bring together individuals from academia, government, and industry to discuss Workshops
and exchange ideals in the fields of wireless, mobile, and vehicular technology. The conference will
feature world-class plenary speakers, tutorials, and technical as well as application sessions.

Tutorials

Visa Letters
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Montreal Bonaventure) N 224 -

WETEmIEE 1 K FEEEEH S (tutorials) S B2 EET 52 (workshops) » HHEEEEIELN
= R AEHER > 200 T WH5E 58 (torials) > EEEST AR L3R T5: Enabling
Technologies for Next Generation Mobile Communications ;| & N " T10: Vehicular
Networks - The Story Today and Tomorrow | ©



Salon Bonaventure
et Terrace
{inchustry Track)

LaSalle Loungueuil Fontaine C Fontaine D Fontaine E Fontaine F Fontaine G antai Fontaine A & B
(0] B) c} o =] {F) G H) U]

Tutorials and Workshops (SEE SEPARATE PROGRAM)
Welcome Reception (Salon Bonaventure)

‘Welcome: Piemre Boucher and Fabrice Labeau, General Co-chairs, Frangois Gagnen and Weshua Zhuang, TPC Chairs, Javier Gozalvez, VTS President (Baliroom Outrement-Westmount-Mount Royal-Hampstead-Cote St-Luc)

Keynote: 5G Physical Layer: Technology Opportunities and Challenges. Reinaldo. A Valenzuela Dirsctor, Communications Theory Research Dept. Bell Labs, Aloatel-Lucent

Refeshments (Foniaine B}
) WWRF Workshop: | Signal Transmission| Customer, Service
5G| D201 TV Wnits Space | Multiusar Datection | VE"“‘E';. OFDM RES"”"*IMU" MIMO | the Intemet of and Reception  |and Network Design)
emmunizations Everything (Verdun) Posters | in 56
Lunch (Baliroom: O Mount Royakt Cote StLue)
- - MathWorks - -
Optical and Visible ® | WWRF Workshop: | Signai Transmission
Sl Cels Cogriiive Radio | RF Systems and | Vehicular Networks | oo it Massive MIMO 1 Workshop: e memetof, | g = 56 Arcntecture: 1o
Networks Design MAC Commmeation Wireless Design | .:'w' ) Sl Implementation
with MATLAR | 5VE0T
15:30-16:00) & Exhibis Fontaine B)
) ) i , WWRF Workshop: | Signal Transmission,
16:00-17:30| g3y  Cooperatve | EnergyManvestng | oo ;oo ing | OreenWirsless |Vehicular Networks | - Heterogeneous Modulation Full-Duplex the Intemet of | and Reception | LTE Advanced Pro
Communication | | and Efficiency Networking | Network Layer Netwarks | Communicaton | o T | Posee
TC2016-Fall Banquet, Windsor Hotel

Keynate: Networked Society and 5G. Jaco du Plooy, Ericsson (Ballroom Outremant-Westmount-Mount Roya-Hampstead-Cote St-Lug)

Refreshments & Exhibits (Fontaine B)

) - Network ) Futurs Connected
11:00-12:30] {4) Eu‘"ﬁfﬁw“ LTE F'”?"‘:';'I:U T"d Spectrum Sensing || Network Security SDN Performance w'"?*” F:"E' Coding Ve"‘“":" Networks | 'y ohicies: 56 vs.
eatn 8 Evahuation e osters DSRE V2K
T230-14:00] Awards Luncheon (Balirsom: Outremont-Westmount-Mount Royal-Hampstead-Cote StLus)
56 Broadeast
. Channe! Spectrum Cooperatie Positening and ) N Rescurce Wirsless Networks
140015301 5)| sz racterization el Management | | communication Il Tracking Il Beamformng | | w1 iigle Access 1] Posters | Eg‘,‘"u"f,ﬁ’fli.r
TE30-16:00] Refreshments & Exhibis (Fontaine 6]
Transmission ) ) ) _
18:00-17:30) (8)|  Muftuser MIMO D20 Nl Green Wireless | Vehicular Networks § ¢ ooy pyeripution Diversity Routing Wireless Networks | Mission-Critical 5G
o gl g Pasters || for Vhicle IoT

17:30-18:30) ‘Young Professionals Publication Seminar (Ballroom Outremont-Westrmount-Mount l-Ham ofe St-Luc] rstration required - see hitps /i vinoks ieee of 1031

10:30-11:00 Refreshments & Exhibits (Fontaine B)
Verseular Wultiple Antenna | 1aT/M2M int=gration
. . ) Energy Eficient | Cloud and Smant | Vehicular Networks : Positioning in Systems & & design n 5G
11:00-12:30] (7) |Full Dupiex: Systems| Channel modeiing [Spectrum Sensing 1| EPerDY STeen ped i e E}emres and | cemtarhenwonss | T o |coopeiee oesg
ines Posters & Customers
12:30-14: ml Lunch (Ballroom: Quiremont-W estmount-Mount R ELHM ElEd-Cﬂm St-Luc!
) ) Spectum Heterogeneous Vehicle Sansing and| Resource L inAd | RadioAccess | Urban Mobity and
14001520 ©)| MassveMIMO Il | Beamforming | |, SPESUm o H M2 LTE N e Sensne - e n o Ao o Mony =
TEAriED| Fefreshments (Foniine 8]
. Cooperative 3D and Spatial Physical Layer Vehicle Control for | Vehicular Networks { Indoor Localization Unmanned Aernal
18:00-17:30) {2) sem Communication 11l | Videband Sensing Mo Channel Modeling Securiy Traffic Safety Applications and Tracking Vehicles

B = : VTC2016-Fall if&TErsisg

ARANIGEENEE 1 5H R (tutorials) HYEE 7 22K H F B P 22 BOKR S (University of
Southampton, UK)AY Lajos Hanzo 2¢#% > ®HH & " Enabling Technologies for Next Generation
Mobile Communications | °

Lajos Hanzo B » #1564 N FE S B S m iy HIR > P EF4% - SIS
F% > (FETHEEBAENENE - BEREIRTR IR M RS & - fl%
2} 87 28 (= (multicarrier communications) > & ET H 4&(cooperative relaying) » 4= T 4R &5
(full-duplex radios)F12&E 5 ] 38 24 S (device-to-device communication networks) 5 » 51T
AP PIEA S NS aRs « AL - Lajos Hanzo s $t ¥ 2 i W& t% (multi-carrier
transceivers) ~ 2% [ 5555 (spatial modulation) ~ & 1E=\ 4% (cooperative relaying) ~ FE[E] 5 fiE
(non-coherent solutions) ~ 4= % T3 {Z (full-duplex communications) & Jf 1F 32 2% B 3% HY
(non-orthogonal multiple access)ZF iy » FEHLFEAME S AR EAH S5 -

ARABSEERIE 2 355525875 (tutorials) Y 58 & 2 2K B 55 B #E B K 22 (University of
Warwick, UK)#Y Harita Joshi ffi- » #EH & " Vehicular Networks - The Story Today and
Tomorrow | ©



Harita Joshi 18158 Ry A0 B R 2 (A =0 28 ] SEAY S 48RS (vehicular networks) ke
B RERYHRTS - BN 5 e 28 Bl Bl 247 (Advanced Driver Assist Systems, ADAS) 75 2 Ja4F
A B 3 5L 4% (automotive communication system) SRR AL FE RAFHYRRFS - Harita Joshi
TIBER R AR B AR & T faim s DA S AR e SR T 2 B -

9 H 19 HZE 21 HEG#EE 2 REIEE 4 K FFE DUERE (sessions) Y 5 =L E T2 iy
BRI > HHRRIEAE = -

BV 2 K AANRIET TP =%mE > 7752 “D2DT” ~ “Small Cells” DK
“Heterogeneous Networks [

B “D2D 1" WYETEm > HE T MYIXE :
Energy-Efficient Power Control for Device-to-Device Communications with Max-Min Fairness

—_

2. Exploiting Geographical Context in D2D Communications

3. Joint Resource Block Reuse and Power Control for Multi-Sharing Device-to-Device
Communication

4. Auction based Energy-Efficient Resource Allocation and Power Control for Device-to-Device
underlay communication

5. Bio-Inspired Resource Allocation for Relay-Aided Device-to-Device Communications

255 m e T RS E I (device-to device, D2D)#BERAGRS A ZRAE T » HRE AR R
oy BCBE I 2 G AERY R © FiAlie s =R oCE » @ H B “Joint Resource Block Reuse
and Power Control for Multi-Sharing Device-to-Device Communication” ° :EA N EEEHE
B o e L ER R T —RITEEIS AR ERF AR T AL E . HEF SN AR
RRRCR SRV IR FE - R PR 2 S B R E A v] DU S =i &R o [t
—E4 B MISS(maximum independent set based and Stackelberg game based)HJEEE » AL
[EH5 8 o 0V &R SR B E i e iy 24 -

RS “Small Cells” BYETHm » A& T NFISCE

1. Small Cells Deployment for Cost Reduction of Hybrid-Energy Cellular Networks

2. Initial Cell Search Method Based on Two-Step Frequency Offset Estimation for Small Cells in
Heterogeneous Networks

3. Bi1-SON: Big-Data Self Organizing Network for Energy Efficient Ultra-Dense Small Cells

4. Effects of Hyper-Dense Small-Cell Network Deployments on a Realistic Urban Environment

5. Partial Critical Path Based Greedy Offloading in Small Cell Cloud

Z B T 2 A M N (small cel DAGESHYZRME T RS &R o Bio B s 1
HAREEN RS « RNV ER RS - WO T3 % - IRKEHE > %
TG E AR ST ERIEN S =R - AAFTERNERSCISGEH & “Bi-SON: Big-Data
Self Organizing Network for Energy Efficient Ultra-Dense Small Cells” » i EEH A T =

¥4F > 2 19F



BN AE S NI R B E FRAH AR | AR e T —(E R BURHY
H4HA RS (Bi-SON) 28f% » HIEAE(B L 5 N RS HIRE B20CR - i/ A
PAA] DA sl T B HV R G A B - (BB H RN NI & S R E R TR LS AR
HVRE ERCRE A - /NI E R B AT NI e AR - #EmTiEp NTHEZ
[V EEE T8 © S5 - RENNIREEIRE (R - REERK BRI - (BEE
SRR o AEREEE/ NI AR EREET - BN EREE g 2501
(R0 5/ Nt P e HH PR s D B (o B el AR RIS (L I (s P B HVER S > TS RE A
JRE o HIE 3GPP HYAREEH » TTHY SON ST AR & - et 7 BIRECE ~ H¥k
(BALAIE JRAEMEHIIIRE - AR A TFTHEAEY 280 - HATHY SON HH] L2281
E N NITHE (RS S E R ) s T » ASmoCFTEtHiHY Bi-SON 286 - Rt EdEHY
Witk ~ o3t - ARS8 WA TR S B EICE - Hrh MR 14T iey
TERARLEREN ZRFLE > DISERE IV NIV BRER - 5% Bi-SON Zf& R
TEFAEERTA/ NRERY B B R - BIANSEAThR « BAEESR R KAl R ATk
BERERESSE - AamsCHIFTEN R E ERE TR BB I#E ST B4
RO AT B A LAYAR R T FE - AEMREE 120 {E/NERRAVIESR T - DIR BRI SRt Rk
RELEEAE - RS IREUT  ARSR TR HIAY Bi-SON HEHITEREAG 2 ey i 8 N aE 2
BERITHE S RIFET 709681 160% -

BEA “Heterogeneous Networks I” HYETE » HE& T FHIE ¢

1. Cluster-based Joint Cell Association and Interference Coordination Control in Heterogeneous
Networks

2. Impact of Dynamic Planning on Uplink Service Quality in Heterogeneous Cellular Networks

3. Energy Efficient Resource Allocation in 5G Hybrid Heterogeneous Networks: A Game
Theoretic Approach

4. Joint Queue-Aware and Channel-Aware for A Novel Operation of Hybrid FSO/RF Systems

5. On the Design of Irregular HetNets with Flow-Level Traffic Dynamics

% e A Y T2 S E A S (Heterogeneous Networks) » - ZEAEPRET SE PEHVAEES
ZERE T M EIIRE i sk e bAEEE I RIBE - R & 28 =R (& @ H & “Energy Efficient
Resource Allocation in 5G Hybrid Heterogeneous Networks: A Game Theoretic Approach”  {E
HER R Z R (mmWave) Rz il 1F 528 ME48RE CL88ak A—(EET 0y o] R EL > o] DATR = i
W2 RS ] FHEVAERS - IRl 3% e S B A Z AR (femtocel) B2 B AR (macrocell)
HIEE AR AR T - e —(E R e =B EH m 2 P R B R L
REERCE  EANERRAERE -

EENE 3 X AR T N =5 v RlE “SDN” ~ “Resource Allocation 1T
PRz “Green Wireless Networking 1" e

BRI “SDN” HYaTam > HE T MYIE -
1. SDN Enabled High Performance Multicast in Vehicular Networks

¥5F > 2 19F



2. SDN Enabled Dual Cluster Head Selection and Adaptive Clustering in 5G-VANET

3. Bandwidth Provisioning in Cache-enabled Software-defined Mobile Networks: A Robust
Optimization Approach

4. Network Virtualization Optimization in Software Defined Vehicular Ad-Hoc Networks

5. A Proposal For Hybrid SDN C-RAN Architectures for Enhancing Control Signaling Under
Mobility

2 5 s e Y T RE R E H A& (Software Defined Networking, SDN) » EELEAFEESS
W] H FH SRS E 32 49 B8 1Y B 1l R O 48RS A S HVREE - BIEE =R CE - EH
“Bandwidth Provisioning in Cache-enabled Software-defined Mobile Networks: A Robust
Optimization Approach” » 5% fm X F4S S HEG R TEIMEES - fet 17— (R S 2K
YRAGICE » RN Pe AV RIS E R I - EANEBHEERE -

B “Resource Allocation II” #Y&TER » & T NFISCE ¢

1. Dynamic Inter-Channel Resource Allocation for Massive M2M Control Signaling Storm
Mitigation

2. Resource Allocation and Massive Access Control using Relay Assisted Machine-Type
Communication in LTE Networks

3. User Selection and Power Allocation Schemes for Downlink NOMA Systems with Imperfect
CSI

4. Utility Based Resource Management in D2DNetworks using Mesh Adaptive Direct Search
Method

5. Opportunistic forwarding using rate-less codes in OFDMA multi-hop networks

2w SN R PRE A eT F R fe iy R B B Rl 2R S AR AR Y REE > B E A&
LR ~ BB IR - JEERCRE MR B EE - FRRE A LTE B s iy
e BE 18 {5 (Machine-Type Communication , MTC)Z8H% T B E B Rl A — (T E 5 B A PRER
PERIRTRE - B FTA MTC 4588 LTE P VAR RS ER - S RKEN MTC
AEE L LTE H = [ A AR BORES » o 7 AR FF 20 MY _ BT HEES (uplink) )it & 55 K K ek -
B AT AR TEZE - PSS ZRSCE - B H A “Resource Allocation and Massive
Access Control using Relay Assisted Machine-Type Communication in LTE Networks” * {E& %
& LTE I ~ MTC #£8 K 488 (relay node)d:1F 1Y LTE HRAVEE AL EHE » $#2H
—(E AR R > A IR S A EE AR S MTC BN HE R > Wakat—1E
PSRRI E R EH TR KB LAFAE - AR CENRIE L  EARANES
HEH -

BEA “Green Wireless Networking 117 #YETE: - HE T FFICE

1. Green Cellular Demand Control with User-in-the-loop Enabled by Smart Data Pricing using an
Effective Quantum (eBit) Tariff

2. BalLAnce: Battery Lifetime-Aware LTE Switching-Off Strategy in Green Network

¥6F > 2 19F



Infrastructures

3. Energy-efficient Access Scheme with Joint Consideration on Backhauling in UDN

4. An Energy-Saving Algorithm Based on Base Station Sleeping in Multi-hop D2D
Communication

5. Regular and Static Sector-Based Cell Switch-Off Patterns

2w R 4k RE fEAR 48RS (Green Wireless Networking) » 22 S+ ¥ AR AR -
PRET S ARl 4] S B M ER BV RE B W am © PIAIEE =& » @ H & “Energy-efficient
Access Scheme with Joint Consideration on Backhauling in UDN” » {E& #1 ¥ ELERE
(ultra-dense network, UDN) » & & [0 (backhau) B EAYAE BXCE » FEH —(E R (access)EE
il > SR MR R S AR AE B = A BEH RS (access point, AP) » JE/ D SEGS Y AL K2 )

FOMRE » DISCEREERCR -

EEEIE 4 K> AN T MY =558 4> BIE “Full Duplex Systems” ~ “Resource
Allocation III" BLK “5G IIT”

BRI “Full Duplex Systems” HY&TEm » & T NHISCE -

Scheduling and transmission point selection methods for space division full duplex systems
Full Duplex Medium Access Control Protocol for Asymmetric Traffic

Asynchronous Full-Duplex Cognitive Radio

Sum-Power Minimization Under Rate Constraints in Full-Duplex MIMO Systems
Dynamic Resource Allocation for Full-Duplex OFDMA Wireless Cellular Networks

A e

5 EmE R RS2 T 245 (Full Duplex Systems) » T BE R &5 TR ig4n{ar ol
PRI S G o IS TR S0 EE B H B “Dynamic Resource Allocation for Full-Duplex
OFDMA Wireless Cellular Networks” - {EE{E 25 T IEAC 53902 T HEEI(OFDMA )fie4 s 51
HNAEERIVZREE T > PRETBIREE R o ECU AT 0 R S Y 85 (i % - SRR — (2
RAVEEE > IEEFTECATA P EFHOE DU IR » (5 2 G A S0 il R i -

BEY “Resource Allocation III” HYETER > H& T NYIXE ¢

1. A SMDP Based Virtual Resource Allocation Model for Multimedia Services in 5G Network

2. Load-based Resource Allocation and Interference Coordination for Multi-carrier Dense
Networks

3. Cost-Efficient Codebook Assignment and Power Allocation for Energy Efficiency
Maximization in SCMA Networks

4. Online Power Allocation for Opportunistic Radio Access in Dynamic OFDM Networks

5. Scheduling Energy Harvesting Roadside Units in Vehicular Ad hoc Networks

EZGmETR > AN EEREIURE CE > HEH A “Online Power Allocation for
Opportunistic Radio Access in Dynamic OFDM Networks™  {E& &8 5 B2 e Ll Aok

¥7F > 2 19F



LR AES TP ER o Bl i R LRI S E T HIRH B M - Rl & (E B4 8B (cognitive radio)
245 4R S RS T AR . SRR (primary users, PUS) 2 815 ZHY THE DU RS
TR PR E - R R 2 A 2 e ] ARAE I = (secondary users, SUs)
MEh: - WD EEA PR TE o RELER TR E A0 T fe—f i
EEH A A (distributed learning algorithm) » FEREE A P RIS SEAR 18 AL D il e B 2
FIOE - DURV D F A FHIHE - SRR AR AR % -

B “SG U™ HYETem » L& T TAICE -

Asynchronous Scrambled Coded Multiple Access (A-SCMA) ? A New High Efficiency
Random Access Method

Enabling RAN Moderation and Dynamic Traffic Steering in 5G

Fog RAN over General Purpose Processor Platform

Wireless Backhaul Capacity of 5G Ultra-Dense Cellular Networks

Towards a Low-Delay Edge Cloud Computing Through a Combined Communication and

—_

A R N

Computation Approach

ZmEN TR A AITENER RS > G 56 EE RS R AIRERV TE S
SRl - PlaNEEIuR & » BB H R “Wireless Backhaul Capacity of 5G Ultra-Dense Cellular
Networks™ »1EF Fs T EEE AR 5G i =% S i S A8 RE Ay o] = 481E 75 & (backhaul network
capacity) * {EZ k4 (multi-hop relay) B ArHVERRS - SRET AT EZLMIE Y 5G LR
A - [FIRF s T — Tl A NP Bk B (minimum average hop number, MAN)EEUEARK I 5G
A SR AR Y | AR A B R HREERCE - MR XENEEAHERR -
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5 84 JEEE R Tk ET2r (2016 IEEE 84th Vehicular Technology Conference: VTC2016-Fall)
G DA B BB (plenary) ~ 5 5¢5#% 5 (specialist tutorials) ~ [5# #7555 (keynotes) ~ FEffir B2
S (technical and application sessions) /7 TGERT T » [EIHFENEE B ERES ~ BUR ~ 5L B AH R
AL S ERAAER ~ {TEE R R E RO I [ S B E WA R RLEBAEDE -

FERAR FERRIE Y O R RAUESIE T SN ASEER » ¥ AKE 5 (ITE)
AEHAVHREL - FefTEEEA NYIRRIAE
1) EEi#EAIEEE N (Massive Machine Type Communications, mMTC)
2) 58{b={TEE AH(enhanced Mobile BroadBand, eMBB) -
3) 8 A SE{RAEIE (S (Ultra-Reliable Low Latency Communications, uRLLC) -
4) HBEELFS(Ultra-dense network)
5) FEHE 245 i B (Overall system optimization)
6) A TEIRCAE B HAH RS {E ## (New air interface performance and its associated value
chain) ~
7 &F 5 RATEERA CEYEAEAE S A (G & industrial 10T) ©

RNEBXEBESINEEFS S - RREETFL AR A RNERZFES » Nemft2ir Le
Ab L HREAANNRE EINEE  EEERES - B FEXEg b4 g
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B EEERNEE » BB > M2NgRNEaEE2L > FETIMms - Bk
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Bi-SON: Big-Data Self Organizing Network for
Energy Efficient Ultra-Dense Small Célls

B AR ] L A R A R

Li-Chun Wang, Fellow, |IEEE, Shao-Hung Cheng, and Ang-Hsun Tsai, Member, IEEE

Abstract

In this paper, we present a big-data self organizing network (Bi-SON) framework aiming to
optimize energy efficiency of ultra-dense small cells. Although small cell can enhance the
capacity of cellular mobile networks, ultra-dense small cells suffer from severe interference
and poor energy efficiency. Dense deployment of small cells cause severe interference to the
neighboring small cells with a very short distance. On the other hand, energy consumption of
huge number of small cells yields high operation expense (OPEX). In a wide area covered by
ultra-dense small cells due to user mobility and non-uniformly distributed users, the void cell
issue may occur, a phenomenon that a small cell is serving very few users, or even without
any users.

In the third generation partnership project (3GPP), current self organizing networking (SON)
technigues provide the new functions of self-configuration, self-optimization, and self-healing
for network planning with reduced manual intervention. However, current SON-enable
mechanisms mostly focus on indoor femtocells or called home evolved Node B (HeENB). Our
proposed Bi-SON suggests a data flow framework from data collection, analysis, optimization
to reconfiguration. We adopt the statistics analysis approach to determine the optimal system
parameters to improve the energy efficiency of a huge number of outdoor small cells. The
Bi-SON mechanism periodically collects the management data of smal cells, eg.
transmission power, reference signal receiving power, and the number of users per cell. We
find that simple sorting and filtering data analysis from huge number of small cells can
already effectively find the almost the optimal solution. In the considered case with 120 small
cells, our ssimulation results show that Bi-SON can improve throughput and energy efficiency
by 70% and 160% respectively, compared to the scheme without energy saving approach.

Index Terms—Big-data; energy efficiency; self organizing network; ultra-dense small cell.
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Bi-SON: Big-Data Self Organizing Network for
Energy Efficient Ultra-Dense Small Cells
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Abstract—In this paper, we present a big-data self organizing
nelwork (Bi-SON} framework aiming to oplimize energy effi-
ciency of ultra-dense small cells. Although small cell can enhance
the capacity of cellular mobile networks, ultra-dense small cells
suffer from severe interference and poor energy efficiency. The
self organizing network (SON) can automatically manage and
optimize the system performance. However, current SON-enable
mechanisms mostly focus on indoor femtoeells. Our proposed
Bi-SON sunggests a data flow framework from data collection,
analysis and optimization to reconfiguration. We adopt the
statistics analysis approach to determine the optimal system
paramelers to improve the energy efficiency of a huge number
of ontdoor small cells. The Bi-SON mechanism periodically
collects the management data of small cells, e.g. transmission
power, reference signal receiving power and the number of users
per cell. We find that simple sorting and filtering data analysis
from huge number of small cells can already effectively find
the almost optimal solution, Our simulation results show that
Bi-SON can improve throughput and energy efficiency by 50%
and 135% respectively, compared to the scheme withont energy
saving approach.

Index Terms—DBig-data; energy efficiency; self organizing
network: ulira-dense small cell.

I. INTRODUCTION

To meet massive mobile data traffic demand in the next
decade, the ullra-dense small cell network is an explicit trend
in the future network deployment. The network operators
deploy small cell densely with almost 100% coverage for
serving the huge access demands.

Generally, when ultra-dense small cells deployment is con-
sidered, energy consumed and serious co-channel interference
in the small cell layer becomes more significant. If there is
no intelligent and automated small cells management strategy,
users will suffer serious interference and the operators will
have high operational expense (OPEX).

Operators can utilize the self organizing network (SON) to
automatically manage and optimize the system performance
for lower OPEX [1]. In the current SON framework [2], the
static analysis model can not dynamically update the decision

“This work was sponsored by the Ministry of Science and Technology
(MOST) of Taiwan under grants MOST 104-3115-E-009-007 and MOST
104-2221-E-606-005-.
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A-H. Tsai is with the Department of Electrical and Electronic Engineer.
ing, Chung Cheng Institute of Technology. National Defense University,
Taiwan (e-mail: anghsun@gmail com).

function according to the variations of active user densities
to optimize the system at any time moment. Therefore, the
SON framework may need the optimization algorithm with
a dynamic analysis model to improve the co-channel cell
interference and the energy efficiency.

In the literature, most papers [3], [4] studied SON-enable
mechanisms for indoor femtocells. In [3], the authors pro-
posed a novel self-optimization mechanism for femtocells,
which can improve indoor coverage and promote energy ef-
ficiency of networks. The paper [4] proposed a reinforcement-
learning based SON framework for interference management
in femtocells networks. However, these papers [3], [4] did
not consider outdoor small cells to improve the energy effi-
ciency in the SON framework. In addition, most papers [5],
[6] investigated the energy saving schemes with the power
switched mechanism. In [5], the authors designed a novel
database-aided mechanism to help macro cells control the
sleeping mode of small cells for energy saving in the hetero-
geneous network. The paper [6] proposed a small cell on/off
scheme to improve the throughput and energy efficiency of
an ultra-dense centralized/cloud radio access network with
various densities of small cells, However, these papers [3],
[6] did not consider the power adjustment scheme to improve
the energy efficiency in the SON framework.

In this paper, we develop a big-data self organizing net-
work (Bi-50N) framework with data-driven dynamic power
control scheme to improve encrgy efficiency of the out-
door ulira-dense small cell network system. The Bi-SON
combines a data-driven dynamic analysis (D3A) model and
an interference-aware (IA) energy saving algorithm into the
data-driven dynamic power confrol scheme to optimize the
energy efficiency and total cell throughput for the ultra-dense
small cell network. Simulation results show that the proposed
Bi-SON with data-driven dynamic power control scheme can
improve 50% higher cell throughput and 135% higher energy
efficiency respectively, compared to the approach without any
power control in the 5G ultra-dense small cell network.

The remainder of the paper is organized as follows. Sec-
tion Il introduces the system architecture, channel model
and performance metrics. The Bi-SON framework and the
data-driven dynamic power contrel scheme are detailed in
Section II and IV, respectively. We show the simulation
results in Section V. Finally, our concluding remarks are
given in Section VI.

OTE-1-5090-1701-0/16/$31.00 ©2016 IEEE



II. SYSTEM MODEL
A. Svystem Architecture

We consider a downlink ultra-dense small cell network
with a power adjustment mechanism. The cell layout is set
according to small cell deployment scenario in 3GPP LTE
Release 12 standardization [7], as shown in Fig. 1. We assume
that the macro cell and the small cell use different frequency
for transmission so that there is no cross-tier interference,
and the co-channel interference exists only in the small cell
layer. Each small cell and each user is equipped with only
one isotropic antenna. As small cells are deployed densely in
some typical hot pots in ultra-dense network scenario, small
cell clusters are formed in hot spots. We assume three sectors
in a macro cell, four clusters in a sector and ten small cells
in a cluster. Total 120 small cells are deployed in the macro
cell coverage. The radius of each cluster is 50 m and the
small cell density in a cluster is 1300 cells/km?, which is
considered for an ultra-dense deployment. On the other hand,
users are randomly deployed around the area with the radius
of 70 m from cluster center in each cluster. We consider the
variations of active user densities over time.

Small Cell & User Location
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Fig. 1. The downlink heterogeneous network system.

B. Channel Model

‘We consider the radio propagation effects, including path
loss and shadowing, to evaluate the co-channel interference in
the ultra-dense small cell network. The receive power of the
user 7 from the small cell g, denoted by Pg ;. J’T‘,fﬁrl,;j:.
wherel’p,, represents the transmission power from a small
cell g. v is the path loss exponent and d ., is the distance
between the user n and the small cell g. Shadowing is
modelled by a normal distribution 10log,0& with zero mean
and standard deviation o, where £ is a random variable with
log-normal distribution.

C. Performance Metrics
We assume that there are N users and ¢ small cells in
the ultra-dense small cell network, The downlink signal to

interference plus noise power ratio (SINR) from the small
cell g to the user n can be expressed as

'”R.q.xr
2+ 3 Prn

where P, is the receive power from the small cell g o
the user n. Pgy, is the interference power from the small
cell [ to the user n in the small cell g. ¢ is the background
noise.

To maximize the sum utility of data rate, we assume that
the system uses a full-buffer traffic model [8]. The served
users share the total bandwidth of the attached cell. The
overall cell throughput i of the system and the data rate
r of the user n can be defined as

Q Q B ]
R=Y 3 rin=3, H‘-!u_qg(l  SINR,») ,

q n q n

SINR;, = 3]

2)

where M, represents the number of served users in the small
cell g. B is the bandwidth of each small cell. The spectral
efficiency of the user n which served by the small cell ¢ can
be expressed as loga(1 + SIN R, .).

When no user is connected to a small cell, the small cell
can be swilched 1o the sleeping mode for saving power and
reducing the interference to adjacent cells. We assume that a
small cell g consumes Fyp..p . watt under the sleeping mode
OF Pactivey = Po+ ,i;.”v_;-_,, watt under the active mode, %
is the basic consumption of circuit depending on the small
cell type, and # is the power amplifier (PA) efficiency. The
transmission power of the active and the sleeping mode is I
waltt and O watt, respectively. In addition, in the dense small
cell region, the small cell caused the strongest interference
to neighboring cells should give the priority 1o be reduced
transmission power for decreasing interference and energy
consumption. The power control decision is made by central
controller like a macro cell. Consequently, the total energy
consumption of the system can be represented as

Piotat = Y _ Po = [0qPactive,g + (1 — 0¢) Pateep,q]
q q

1
Zl“q(‘”{) 1 ?—I-’J'.f',-\f) (1 —!':‘r.-)-"’.e.h.-«:r,q| &)
Ly

where ey € {0, 1}. If the small cell ¢ is in the sleeping mode,
g = 0, and the small cell g is in the active mode as o, = 1.
We define that the energy efficiency F(Mbits/.J) is the
ratio of the total cell throughput /£ w the total power
consumption ¢, which can be represented as

Querall cell throughput )i

Total power consumplion

4)

Protar”
III. THE FRAMEWORK OF BIG-DATA SELF ORGANIZING
NETWORK (BI-SON)

Figure 2 shows the block graph of our proposed Bi-SON
framework. In the following, we illustrate the block of the
framework step by step:
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Fig. 2. The framework of energy efficient Bi-SON,

1) Data collection: This step is set to gather massive
management data from the ulira-dense small cell net-
work. The data include the number of users per cell,
transmission power, reference signal receiving power
(RSRP), and so on.

Big data cleaning process: Unprocessed massive man-
agement data are called big raw data. This block per-
forms data pre-processing via underlying data analytics
(e.g., sort, filter) to extract useful right data from
big raw data. The right data contain key performance
indicator (KPI) (e.g.. throughput, energy efficiency)
with the corresponding network parameter (NP) (e.g.,
the number of cells with power adjusiment).

Model building: The right data are used by this block
which employs statistics analysis approach to derive the
functional relationship, known as model, between the
KPI and the NP. The statistics analysis approach used
in this work is polynomial regression (PR). The model
can dynamic update the polynomial coefficients to fit
data distribution at the moment. Due to periodically
collecting management data, the model is called a data-
driven dynamic analysis (D3A) model.

Self optimizing algorithm: Massive management data
are injected into this block to calculate the energy
efficiency of the ultra-dense small cell network. When
the energy efficiency is less than a preset threshold,
our proposed interference-aware (IA) energy saving
algorithm is triggered and this block extracts the most
appropriate NP from the D3A model to make the opti-
mal decision. Consequently, this block determines new
configuration parameters for system reconfiguration to
achieve improving network performance.

Dynamic system reconfiguration process: The new
configuration paramelers are injected into the source
cellular network to update configuration parameters and
improve the system performance.

b
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We propose a promising framework for empowering SON
with big data to implement intelligent procedure and to satisfy

the performance requirements of 5G. In the next section, we
illustrate data-driven dynamic power control scheme which is
considered for the core technique of the Bi-SON framework.
IV. DATA-DRIVEN DYNAMIC POWER CONTROL SCHEME
A, Interference-Aware (IA) Algorithm

The data-driven dynamic power control scheme in-
cludes both data-driven dynamic analysis (D3A) model and
interference-aware (IA) energy saving algorithm. In the 1A
estimation method, we calculate the total interference power
caused by each active small cell in each dense district. The
total interference power I, caused by the small cell ¢ can be
expressed as

IAg=1I,= 3 Prgn, (5)
nigly

where P g5 is the received power of user n from the small
cell . Denote U, as the served user set of the small cell ¢
and n ¢ U, as the non-served user set of the small cell ¢.
The small cells which cause stronger interference (i.e., larger
IA wvalue) should be turned down the transmission power
to decrease the co-channel interference and to improve the
energy efficiency.

Under the described above, we calculate the IA value of
each small cell and then sort the values in the descent order.
For the given sorted small cells, we filter the first & cells
which be turned down the transmission power o reduce
severe interference and effectively improve energy efficiency.
We define & as the number of cells with power adjustment.
The proper k value is provided by D3A model. The detail
D3A model is described in the next subsection.

B. The Joint IA Algorithm and Data-Driven Dynamic Anal-
ysis (D3A) Model

We propose the D3A model which can dynamically update
the polynomial coefficients based on continuously collecting
the management data form the ultra-dense small cell network.
We assume that each small cell can be controlled by the
central controller like the macro cell. The central controller
can periodically collect the management data for data pre-
processing to be transformed into the useful right data.
The data pre-processing includes sorting the IA value and
calculating the cell throughput, and so on. The right data
can form the data sets of the cell throughput and the corre-
sponding % value. The D3A model is built for the reliable
functional relationship between the cell throughput and the
corresponding & value by the statistics analysis approach,
such as polynomial regression (PR) [9]. We fit the right data
by using a PR function of the form

M
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where M is the order of the polynomial, 27 denotes x raised
to the power of j, = is independeni variable which represents



F wvalue, and y is corresponding variable (ie., predictive
value) which represents cell throughput. The polynomial
coefficients wy, ..., wyy are collectively denoted by the vector
W. The values of the coefficients will be determined by fitting
the polynomial to the right data. After verification, the third
order (M = 3) polynomial gives the best fit to the right data.

The D3A model is used o choose the most appropriate &
value that meets the expected cell throughput. Alier choosing
appropriate & value, we put it in algorithm to have an optimal
decision making. Figure 3 is the flow chart of our proposed
data-driven dynamic power control scheme with the joint 1A
algorithm and D3A model. In the following, we illustrate
more detail of the scheme step by siep:
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Fig. 3. The data-driven dynamic power control scheme flow chart,

1) The ultra-dense small cells generating massive man-
agement data are injected into the computing platform
for data processing and analysis,

Calculate the energy efficiency of overall network. If
the energy efficiency is less than a presetting threshold
(i.e.. 2 Mbits/I). the power control scheme is triggered
Lo improve network performance.

Users choose serving cells based on the RSRP. When
the small cell without any active user autached, it
will be switched to the sleeping mode in order to
decrease power consumption of the overall network.
This small cell switching strategy is known as the
intuitive approach.

For each small cell, we can sum the total interference
(i.e., IA value) o the users outside the served region.
5) Sort the small cells based on IA value in descent order.
6) Filter the first k cells which tune down the transmission
power to 1 mW (milliwat). The proper k value is
provided by D3A model.

New power configuration parameters for system recon-
figuration achieves network performance improvement.
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V. SIMULATION RESULTS

In this section, we show performance improvements of
the Bi-SON with data-driven dynamic power control scheme

TABLE |

THE DOWNLINK ULTRA-DENSE SMALL CELL SYSTEM PARAMETERS

Paramelers Value/Mude
System bandwidih 10 MHz
Density of cell 1300 cells/km*
Transmission power, Py 1w
F 6.8 W
Pyssp 43 W
The power amplifier (PA) efficicncy, 5 0.25
Path loss coefficient, o 3.67
Shadowing lard deviation, o¢ 4 dbB
Service type Full buffer

TABLE I
THE VARIATIONS OF ACTIVE USER DENSITIES OVER TIME.

User Density
(oo, 1500 700  SOD SO0 1100 1300 1700 1900 1500

for the ultra-dense small cell network. The simulation en-
vironment is shown in Fig 1. Assume that the maximum
transmission power Pp = 1 W, the basic circuit power
consumption Py = 6.8 W, the sleeping mode power con-
sumption Py, = 4.3 W, and the power amplifier (PA)
efficiency 1 = 0.25 [10]. The downlink ultra-dense small
cell system parameters are list in Table 1 [8]. We compare
our proposed data-driven dynamic power control scheme (i.c..
ISA algorithm with D3A model) with no energy saving
approach, the intuitive scheme (i.e.. the small cell would be
switched to sleeping mode il no user is connected), and A
with static analysis model. The static analysis model can not
update the polynomial coefficients with the density variations
of active users, while the D3A model can periodically update
the polynomial coefficients every three hour,

Table 1T shows the typical daily variation of active user
density against the time [11]. From the table, the minimal
user density and the maximal user density are 500 users/km?
and 1900 users/km®, and occur at 6 o'clock and 21 o’clock,
respectively. The largest difference of user density can reach
1400 users/km?. For the sharp variation of active user den-
sity, our proposed D3A model is more suitable than the static
analysis model o optimize the system performance, because
the D3A model can dynamically update the polynomial coef-
ficients according 1o the density variation. For simplification,
we assume that the static analysis model can generate the
polynomial coefficients based on 1200 users/km? only.

Figure 4 shows that the total cell throughput against the
time. From the figure, we have the following observations:

1} For the TA algorithm, the static analysis model has the

same total cell throughput as the D3A model with a
high active user density. However, the static analysis
maodel has lower total cell throughput than the D3A
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Fig. 5. The energy efficiency in varied time.

model in a low user density because the static analysis
model can not dynamically update the decision function
to optimize the system.
In this case, the 1A method with the D3A model can
improve 50% higher total cell throughput than the no
energy saving approach.

2

Figure 5 shows that the energy efficiency against the time.
From the figures, we have the following observations:

1) The IA algorithm has better energy efficiency than the
intuitive approach. This is because the IA algorithm can
significantly reduce co-channel interference and power
consumption in the high density region of active small
cells to improve the energy efficiency.

Compared with no energy saving approach, the 1A
method with D3A model can provide the 135% energy
efficiency.

2

V1. CONCLUSION

In this paper, we proposed the Bi-SON framework with the
data-driven dynamic power control scheme to improve the
total cell throughput and energy efficiency of the ultra-dense
small cell network. The power control scheme includes both
data-driven dynamic analysis (D3A) model and interference-
aware (IA) energy saving algorithm. With collecting the man-
agement data from the small cells, our proposed [A algorithm
can estimate and sort the cells with large interference to
neighboring users, and decrease the transmission power of
the cells for reducing interference and power consumption.
The fitting amount of these cells with the transmission
power adjustment can be provided by our proposed D3A
model, according to the statistics analysis approach. With
the effective cooperation between the D3A model and the
IA algorithm, the Bi-SON can produce the new configuration
parameter for the network reconfiguration, thus improving the
total cell throughput and energy efficiency for the ultra-dense
small cell network system. We showed that our proposed
Bi-SON can achieve the highest total cell throughput and
the energy efficiency for the ultra-dense small cell network.
Compared with no energy saving approach, our proposed Bi-
SON can improve the total cell throughput and the energy
efficiency by 50% and 135% respectively.
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