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Abstract: The demand for mobile data communication is increasing rapidly. Furthermore, as a feature of the
traffic, there are two localities “temporal locality” and “regional locality”. In order to solve these localities of
the traffic, we have proposed Mobile Data Offloading Protocol (MDOP). MDOP controls the delay tolerant
data such as the data of cloud sync storage and uploading the data of drive recorder and so on. Furthermore,
MDOP balances the load of eNBs using three offloading methods of time-wise offloading, place-wise offloading
and link-wise offloading. MDOP has not yet solved regional locality problems; hence we propose the place-
wise offloading in MDOP. We evaluated the performance through network simulation with mobility scenario
based on real world user’s mobility. From these results, it was confirmed that the place-wise offloading was
able to send more data by staying user in high load eNBs, send more data at low load eNBs and peak shift
of mobile traffic localities by using delay tolerant data.
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Fig. 1 Processing flow of contents uploading.
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Fig. 2 Conditions of place-wise-offloading.
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Fig. 3 Topology for basic evaluation.
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Table 3 Parameters of communication.
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Fig. 4 Received data at each eNB’s network layer.
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Fig. 5 Sent data at UE’s network layer.
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Fig. 6 Topology for applied scenario.

z4 TEUTALETN
Table 4 Mobility model.
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Table 5 Parameters for applied scenario.
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Fig. 7 Receive data at each eNB (applied scenario).
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Table 6 Comparison of received data among eNBs.

(MB) eNBI eNB2 eNB3 eNB4  eNB5 eNB6 eNB7
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101% 100% 110% 100% 100% 106% 101%
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Fig. 8 Amount of Sent data and stored data.

MA 79 —7 1 7 EBZHNE 70 —7 4 ¥ 7I2BWT
DG H ) R o 720N 7% UEL6, UE46, UE66 O
REEELTF- S EEELRT. 22T, WkoNy Ff—
DNy B ATHK UE OREEZDH LIS oz
2%, 30 WOBEITFH T I by AI L, BRW
FTIU—=FT 4 DT 7 e E (Time xx), 224 7
U—74 Y 7DrT7 7 %KM (Place xx) & L7z, F7z,
UE16, UE46, UE66 ORBEIMZE %X 6 12/R”7.

F LA eNB3 205 BT eNB1 & SHfiT eNB2 % i
L CTIREAT eNB10 12365 % UEL6 ICEH T 5. 0s~
1,000s ORI TIE, AW eNB3 IZHH L TWwWb 720,
Time 16, Place 16 & b IZKERAIA 70— 7 1 > 7758
SIEENR eNB3 0%t UE S &b 7255 L — Milf
AT b7z, 1,0008~2,000s DRIL, HEM eNBl & H#E
fif eNB2 Z i L CW A I TH Y, UEL6 1L RIIZHK
B eNB10 IS5 9 % 729, Place 16 1322/ 4+ 7 1 —
TA YK o GRE I S, UEL6 O 7 — ¥ Hid=
DPIELAIZHIML TWBE Z e 0 5. —7, Time 16 13,
X (1) TEHLZREL — M2 L 2d SR+ 7
O—74 Y7 X BEEZMEL TWwb. 20, 2,000s
DiBEDERATT eNB10 (2350 L 727213, Place 16 134/ %
HBL, 3,0008 £ TORM, Time-16 £V bEmWwEEL — bk
TEBENLBEMNET -7 2R ELTWE,. F—5 %
Fim b Place 16 1 2,000s ML IC 7 — 7 HfE= 258 L,
3,000s ICIEHERE L7BIEMRME T — % 255 LEZ TWwWaE 2
E s, e s, UEL6 IZBHL T, BB I
R 70— T 1 7L IR EREE T — ¥ ik
HEL WS, IRA 70— 71 v 7 TIRIKER e NB Tk

© 2018 Information Processing Society of Japan

BIICEEATREIC S 2200 b & T Al eNB TRE %47 -
TWBDIIX L, M+ 70—5 1 ¥ 7 CTIEEATT eNB
TORE ZHH LBBEEOKEN eNB ~NY—27 7 Ml
BAfTHONTWE, 2O Ehs, EAl eNB Z/H L
TIRAST eNB ~NE) ¥ 5 %8 UE (23 L T3 2/ + 7
=74 Y 7PENTHY, EHNEITTEEZFETES 2
DTG

KIZ, FEM eNB1 CTHAE L T A UR46 I5H L
HERT D, REEXY BT 5 L Place 46 %F Time 46 % 75
FEA->TBY, YIab—Ya VEEMATEEINE
Wi YE 7 — % 7 b Place 46 D J5 % Time 46 12 TA %
WZ EhD, EBEWATE =T IOl PRER A T
O—7 1 Y 7IZHRTE ORBEmET— 5 2 #ETE
TWwWhEWwz s, Bt 70 —7 1 > 7 Tld, BT
TS IR BEE R FE B THEEL — Ml 2
DIz L, ZZlF 70 —7 1 ¥ 7 TS AL eNBl %3l
#3258 UE 5 AT eNBL TolfE 2 %3 % 22y
FIU—T 1 T RAT) 720, KA eNB ~NBETEDE
B UE 25 H L TW72%E L — b D572, eNBL IZHAE
LTWAHAEUE ICEI ) ¥ THNRAZ &ETERBMY 70—
T4 YT OFPEERNA 70 —T 4 Y IR THERGE
DL, RCER LT - B D R ko2t
W2 A, ZOZENDL, EHENA 7O —T 4 V7L 5T
RN eNB IZHE L TV A fE UE &, AT eNB ~E
By EoBE) UE OB ezt 22, RKEt 70—
FAYTICHRTEL DT =7 ZRETRIC R S Z L H%
o7z,

WIZIZ, FEMR eNB1 2 5K EHT eNBS %5 L TH A
7 eNB1, eNB2, eNB13 %19 % UEG6 275 H L TH%2
95, 0s~1200s DI, EEM eNBL IZE#H L T3
75, TERIICIREATNT eNB8 & eNB3 IZHHFETH 5720,
Zefy L 70— 74 ¥ 7 %R Place 66 [33EE 247> T\
BV EDHERTE A, 12008~2000s DEIRI TIX, BE)
UEG66 (2B 17 eNBS, eNB3 |Z4:85i9 5 728, Time 66,
Place 66 & b 12WE 247> T b, —J7, 2000s DT,
BENR ISR T A E AN eNB1, eNB2, eNB13 23 &
&2 T\Wh 72, Time 66, Place 66 & b 23813 21T
Y, UE66 DRIEMMET — % O F — & HFEREE AR 4 |21
ML Twb. Place 66 Dfi0545 14 { DIRIEHET — 4 %
LHLTWBDIE, RETN eNB3 IZHWER LAWY 5
ZENTEY, KA eNB3 P ICER LT — 5 D%
BrETTAI PRS- 72720THE. 2% 0, Kig
TIRE L2 70 —F 1 ¥ F FHEOEE L — -l
TiE, UE66 @ & 9 ITIREAM eNB 24\ L 2350
3, EW LT — 5 &AM eNB it ICEE L E Nk
VIRILICIE, BERIAE 70 —F 1 ¥ ISR T, BRI
F—F DEHEDNL L b L VI BEPH S & o7z,

PLERS, it 70—7 1 > ZOER% UE OIRR

176



1BRIEF=EHEE Vol.59 No.1 168-178 (Jan. 2018)

B LTHEET A2 LA T&72, 7275, =Y 7HTHZE
WA 70 =74 Y 7OFEMECE LT, KTV 4TI
BHTL2UELR 2B THY, BHF70—T 1 TD%
HA&Gi729 UE S Ga 00, ZRlNF 70 —791 > 70
BT KRELRVWEEZ D, MDOP & 0O#E) UE ¥ %
&R E, EEM NB TOmEE ZH L, KA cNB
T % AT ) BB UE By 5 72, ZZH+ 70—
TA VY TOMEESHIHFECE S, —FT, B TO
EAEL — MAEFEIR RV TW A EER % &8 UE KT
L ET L7, Bk UE BsEn$ 4 2 &L T4% UE 124
DUTHNLBEELD R AR, WHE UE 25 RERE
BWNIZTF— ¥ % EET) S EARMERIRIAZZ 5N,
FO, ZZENF 7O =T 1 v T OMENE L DR
UEODEL ) 74 ETNVR, BIEMET -5 0EEL T
T4y 7T NI ERfA e TR G MRRE 2 AT ) LD
HbH., TNHEMEYF ) A TOFEIISHROREE T 5.

6. BhHYIC

KfzeTld, BIEMET—5ZHWTET 71 v 7 DIL
RN E 2 EBT 5 MDOP I[2B\W\WT, Z2ffR %
MRS BB 70 —F 1 2 7 OBARN L, %3
L— Ml F 2 BET L, @ERRKOBE 2 ZE L 72EN
ANT=FF70—=F714 Y FFhEeRELL. 2Nt 7
0—74 » 7 Tli, UE OBETFERLE O eNB OHfif
I U CRERMET — & O%EL — M Z4TD .

MDOP (2B A2+ 70 —5 1 ¥ ZOARM % 1
AL A 7280, 8 KD UE AE L, 2ED UE 2" BHI§ % 9%
BEOTVCY T4 2 B LAY NY—2 Y32 —T 3
Y CEHii 2 AT o 72, HTORR, mET eNB TIXETE UE
HEIVELDF—r ERETEHLI L 2MHRAL, B UE
EEATT eNB ClETAE—2 7 M CTCE S 2 b8
TEERTE 2. A, ZBRNA 70—F 1 ¥ 7 )N ERE I
LTHERITH A LERTDIC, BE) UE DR AT
THABBEOEHNELE Y 7 1 7)), BIERYT— 7 OH
GRBIEM R, R 2 M2 o B EMET — 4 &
W 2%k N T 7 4 v 7 BTV, MDOP & K@ %
FH%E L 72 MDOP x4 UE OE| & D8 % Kk 4 T 501 T
SEMZMEE R ED B, S 512, AL HEEMTH S Ak
7% o 7oK eNB OB % 8 L 72224 7 1 —
FAYTDRODOEEL — Ml TR ET VT X LD
LREHED D,

SEE AWFIRIE, B RRRFZE B (26280028, 17H01730)
WEDVERLZLDTH A,

SENH

[1]  Cisco: Visual Networking Index: Global Mobile Data
Traffic Forecast Update, 2016-2021, available from
(http://www.cisco.com/c/en/us/solutions/collateral /

© 2018 Information Processing Society of Japan

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

service-provider /visual-networking-index-vni/mobile-
white-paper-c11-520862.pdf) (accessed 2017-07-21).
Biral, A., Centenaro, M., Zanella, A., Bangelista, L. and
Zorzi, M.: The challenges of M2M massive access in wire-
less cellular networks, Digital Communications and Net-
works, Vol.1, No.1, pp.1-19 (2015).

WEA T 27 AEEERUE ol (E O | B XGEE O FH
KP, AT (http://www.soumu.go.jp/johotsusintokei/
whitepaper/ja/h27 /html/nc372220.html) (£ 2017-07-
21).

WA L BRBORE Y a Y AEk&e T ) v 7@k (NTT F

aE), AT (http://www.soumu.go.jp/main_content /
000282114.pdf) (ZH4 2017-07-21).

PERTE R, WTH A, SEIRRE, KREEE, EFEL
ENANVT =5 bT T4y 7 ORNREIIEY BET 5
ENANT—FFTU—F 4 770 P AVORE, 1E
AL S 255 CRE, Vol.58, No.1, pp.2-12 (2017).
3GPP: TR36.839 v11.1.0, Technical Specification Group
Radio Access Network; Evolved Universal Terrestrial Ra-
dio Access (E-UTRA); Mobility enhancements in hetero-
geneous networks (Release 11) (2012).

3GPP: TR 36.902 v9.3.1, Technical Specification Group
Radio Access Network; Evolved Universal Terrestrial Ra-
dio Access Network (E-UTRAN); Self-configuring and
self-optimizing network (SON) use cases and solutions
(Release 9) (2011).

Hahn, S., Rose, D.M. and Kiirner T.: Mobility Load
Balancing-A Case Study: Simplified vs. Realistic Sce-
narios, Proc. Furopean Cooperation in the Field of Sci-
entific and Technical Research (EURO-COST), 1C1004
TD (14) 10030 (2014).

Li, Z., Wang, H., Pan, Z., Liu, N. and You, X.: QoS
and channel state aware load balancing in 3GPP LTE
multi-cell networks, Science China Information Sci-
ences, Vol.56, No.4, pp.1-12 (2013).

Hoteit, S., Secci, S., Pujolle, G., Wieltholter, S., Wolisz,
A., Ziemlicki, C. and Smoreda, Z.: Quantifying the
achievable cellular traffic offloading gain with passpoint
hotspots, Proc. ACM International Workshop on Wire-
less and Mobile Technologies for Smart Cities, pp.19-28
(2014).

Mayer, C.P. and Waldhorst, O.P.: Offloading infrastruc-
ture using delay tolerant networks and assurance of de-
livery, Proc. IFIP Wireless Days (WD), pp.1-7 (2011).
3GPP: TS 36.300 v9.4.0, Evolved Universal Terrestrial
Radio Access (E-UTRA) and Evolved Universal Terres-
trial Radio Access Network (E-UTRAN); Overall de-
scription Stage 2 (2010).

3GPP: TR 23.705, Study on system enhancements for
user plane congestion management (Release 12) (2015).
My, VERTE, SEORRE, KEREZ, Bl
ENANT =84 TU—F 4770k al (MDOP)
2B B 2% E L — MEFEOMRE, b
Xy 2ar¥a—74 7Y AT A, Vol.2016-UBI-49,
No.17, pp.1-6 (2016).

Liu, T., Bahl, P. and Chlamtac, I.: Mobility model-
ing, location tracking, and trajectory prediction in wire-
less ATM networks, IEEE Journal on Selected Areas in
Communications, Vo.16, No.6, pp.922-936 (1998).
Kim, J.M., Baek, H. and Park, Y.T.. Probabilistic
graphical model based personal route prediction in mo-
bile environment, Appl. Math. Inf. Sci., Vol.6, No.2S,
pp-651S-659S (2012).

Ayed, M.B.: System for automatically dispatching taxis
to client locations, U.S. Patent, No.6,756,913 (2004).

177



RS 2R

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Vol.59 No.1 168-178 (Jan. 2018)

Space Time Engineering: Products, available from
(https:/ /www.spacetime-eng.com/en/products)
(accessed 2017-07-21).

Narrative: The World’s Most Wearable Camera, avail-
able from (http://getnarrative.com/) (accessed 2017-07-
21).

Floyd, S., Henderson, T. and Gurtov, A.: The New
Reno modification to TCP’s fast recovery algorithm,
RFC 2582 (1999).

3GPP: TR 25.942 v9.0.0, Technical Specification Group
Radio Access Networks Radio Frequency (RF) system
scenarios (Release 9) (2009).

WrE B, TR, SRORRE, KERE, BEEL
W=V Y M)y T TF=8eHVIZENA VT =5 F 7
0—74 771 kal (MDOP) FHMELiDILE, 1§
WUHZERY VR L) = A VTFATAT, 51,
e ENA VY v RY Y 4 (DICOMO2015) i SC4E,
pp-1800-1806 (2015).

Haklay, M. and Weber, P.: Openstreetmap: User-
generated street maps, [IEEE Percasice Computing,
Vol.7, No.4, pp.12-18 (2008).

Lee, D., Seo, H., Clerckx, B., Hardouin, E., Mazzarese,
D., Nagata, S. and Sayana, K.: Coordinated multipoint
transmission and reception in LTE-advanced: deploy-
ment scenarios and operational challenges, IEEE Com-
munications Magazine, Vol.50, No.2 (2012).

HTER 44

D015 45 1 Q27 A e 7 A B2 B
AL AR K2R AR a2
SRR R O S A
7= 8 BRI T AR L,
2017 SR RAEREE 1. HiE, KDDLk
K&t

(FE%R)

2R K& (FERR)

2017 4F-# [ K 18 i I okk- 2 4
e SR i Ny N e e 573
T FEFHE R SR A S, mibr i &
W72 ENA VT — 7 @212 B HF
FEIHER.

LHRT &

2018 i) KA1 HAE AR 1 OB 2
T IE. FAERN RS RFEAR S
FHASART I 7ERHE 7 BT €.
ENAN T = S BEICET 2RI
e

© 2018 Information Processing Society of Japan

KE &BE

1992 R UK T MBS LFEFHAE
¥, A4 E RS E A MRt AA.
Dk, @5 A7 2 0RE, TP A v
T — 7 OWEHAER, oT - 4D
EHEME, aA7 T4 v NI —0O/F%
IZPEE. BUfE, (bk) KDDI#&4&HI%E
ats54y Rh—27V—7Y—%—. 1998 4E K%
KREBREZE. L (%),

(IE%H)

g st

1999 4EFH It K K BE i Lor ek HE
TR T, 4R HARTEE RS () A
H., NTTH—¥Y AL T/ L — 3
v AR IERT 2 46 C, BUFE, RS
T eIz, JST & & 25 W%E
E. W IoT ¥ A7 L IZET 0%
2P, 2012 SEEAFARBEUSFNESE. E1H
WlfE%4, IEEE, ACM &4 8. it (1.%).

(IE&R)

178



