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Recently, with proliferation of IoT and M2M technologies, mobile and wireless communication systems are
experiencing challenges of exploding mobile data traffic, considerable number of devices, and
heterogeneous applications. On the other hand, as Average Revenue Per User (ARPU) of M2M terminal
devices is much lower than cellular phones, it is required to reduce the communication and management
cost in mobile networks to accommodate considerable number of M2M terminal devices

To tackle this problem, we propose a novel architecture of autonomous and adaptive distribution of
mobility management functions on nodes in a mobile network and allocate servers in accordance with UE
mebility characteristics and a managemeni policy, which contributes to improve the performance of mobile
network systems by considerably reducing the C-plane communication and management cost. Specifically, we
propose a distributed mobility management scheme which can be realized on the current hierarchical
architecture of 3,96 LTE/EPC networks.

U~plane of the current 3.%9G LTE/EPC network has a functional and structural hierarchy comprised of a
PGW providing connectivity from UEs to external networks, SGWs working as local mobility anchor points
for intra-system handovers, and base stations called eNBs. In addition, an MME (Mobility Management
Entity) usually deployed together with SGWs performs C-plane mobility management for all UEs in the
corresponding Tracking Area. To mitigate concentration of cantrol traffic at MMEs, we propose a
virtualized MME, called ADMME (Autonomous Distributed Mobility Management Entity) which can be
configured at any nodes of a PGW, SGWs and eNBs. For adaptive selection of ADMMEs according to the
dynamically changing UE mobility and load status, we adopt a bio—-inspired adaptation algorithm called
attractor selection, which is a mathematical model of adaptive behavior of biological systems to
dynamically changing environmental conditions. In this model, a dynamic system finds a solution to
maximize & scalar, called activity, which expresses the goodness of the current solution for the current
conditions. In our scheme, by defining the activity based on multiple performance measures, each ADMME
dvnamically makes a decision on delegation of mobility management. Through simulation experiments, we
confirmed that our preposal could accomplish lower delay, higher load balancing, and lower C-plane
overhead comparing to other methods including the current standard under three mobility scenarios.

However, because of the hierarchical LTE/EPC architecture, the control messages are sent from UEs
along the hierarchy, e.g. eNB->SGW->PGW->SGW. As a result, the system performance has notable
limitations on reduction of response delay and C—-plane overhead. Therefore, next we design a novel flat
architecture which is comprised of a RO {Regional Office) corresponding to a central office of PGW, LOs
{Local Offices) serving local areas, and APs (Access Points} corresponding to eNBs. Moreover, MAs
{Mobility Anchors) used for U-plane anchor points are deployed in LOs. For the sake of more flexible and
dynamic distribution and allocation of C-plane management tasks, we split mobility management funections
of the LTE/EPC MME into two parts, i.e. VDMMEs (virtualized and distributed mobility management
entities) and DMDs (distributed mobility databases), and distribute them over a mobile network. For
autonomous and adaptive allocations of VDMMEs/DMDs taking into account UE mobility characteristics and
network status in our flat mobile network, we adopt the response threshold model which is a mathematical
model derived from self-organized division of labor in social insects. In the model, each individual
autonomously and stochastically determines whether to perform & task or not depending on the stimulus or
demand of the task and its inherent threshold or hesitation apgainst the task. In ocur scheme, we extend
the model to incorporate muitiple factors, such as delay, number of candidates, and C-plane overhead. We
confirmed that our proposal can mitigate delay to the half or even one-fifth and C-plane overhead by
more than 41.7% from a partial distributed mobility management scheme proposed in other literature
through simulation experiments under three mobility scenarios.

In this thesis, we proposed novel architectures and schemes for distributed mobility management both
in the current 3.9G LTE/EPC networks and a flat architecture leaving away the current standards. Our
main idea is to adopt bio-inspired algorithms to accomplish autonomous decision-making by individual
servers and mitigate C-plane overhead. Based on obtained rssults we confirmed superiority of our
proposals to other existing methods, which open up new perspectives on architecture design of a
sustainable mobile core network.




w7
WMNBEOMBROHEERUELSE

E & B % )
8) S %
x & #g EE B
RYBERYE | B % #2 HE Fi
Al % R WK ¥
Al % #E I K
mXBELEOHROER

RERICH. RSB EOSHAIC L o TENA VR Y FU— 21080 DR E PR B RHE O SR HE S Hli 4 —
Ry REEIE. MET3200%y b= 75577 F v, SHESTHEESBETISTC T NI XLEHEL
b TH D,

w18 TIE, loT (Internet of Things) <°M2M (Machine-to-Machine) HNOFTEICES T, JWITDI 96 LTE/EPCH v
FI— T OEREE T —F T 7 F vy BEURERHORPEETEERGHEA NNy RREL S E W BERTEH
EH, SRBORRBEERENIETHI DI EMNBRENTNS,

COEEEEETAH, BIETH, BT VAT LALOHMERSEL ., BEERMER—A L L ESHIEEBIE
WEHRERELTVWD, EEMICIE, MME (Mobility Management Entity) &MV 5 iR BE B RE & A — NN
FLTERERBIET B ZETERA Ay R ATOREMBELBEERICT S L&D, BROBBEBEIIED
RS - N T AW S T LT Y XAZBRLTWS, 7 NIV XL TH. £HOBR 25
HHEEOHEAOEBEFNTHELF FSIIRFREFNEGAT D Z & THHN DGR NEBREERBH LT
B, ¥YRal—rariChDFOBHEERLTWS, HaRBHHFEEE TOMENEET L WIXDHEL
EVHEMEEIIBNTIE. BITFk, BER/MEEE, ##A4 -~y FREMEFELQ S EHBL THEERE S6E
F—NAy RBMEREND SRR —NEFORNFERFLLTEYD, B AFANERT SREOFRITED
THEHMTH D,

FSIEIETE, JORRASBUORKEHEBOEEF DD, FEEFUOENA Ry bT—=ITT—FFI7F ¥
EREHL, TOLETH LS IFEBDERRZLBEL TWS, REFETIL. WREDHEBREEICINA TH
RKIFWERIFTEF—FR—AbRELL, B2 OHEROBEEEICE O THMZ TN TNORET—NE2H0 YT
T3, ENANRY h T =7 —FF 7 F e REELINEI EICE 0T, BRI DL THERET—-NORRE
Mz B, FRETREDORNZ B2 ECERN 2R HOLAXOEBEEFINTHOIREGHEEF N 2R
ALAEY—NBR7Z VIV LLEFECRELTWS, ARICERBRENT LRy FT7 I BN THHERER
HEBETOIMEFREEOCIIab—Ya Y HBIC L - T, BR2BEREORRIBEET SHMAHITBVT, &
ERIEELHEAYE—DBRRECERET I ENREINTEY, BEEFRERE LEZEEEERL TWS,
FABET, FRNTHON-AREE LD, SBROBERZRATNDS,

FRX TR, LEOXI, MEOBBHEEOSHLI L DHEA —NAy FEFTBEZ KEEMRL., RITXD
HER CERIBHRERETBEILEDTEBRENA NGy b7 2 EH T 20BN KEHERFEMELINT
BO, FOFNE. FAEEEDTEVWESAS. £o7T, it (FEA%) OREBXELTHEOH DD LR
BB,




