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Abstract: Push Notification is event notice which is delivered anytime from services on the cloud to appli-
cations on mobile terminals. Push Notification attract rising attention according with expansion of smart
phone. A transition of the radio resource control state (RRC state) aims at power consumption reduction
in a mobile terminal using a mobile network such as 3G and LTE. But the transition of RRC state causes
a delay with several seconds on delivering a push message. Moreover, Keep-Alive signals which keep a TCP
connection used in Push Notification cause congestion in the mobile network. This paper proposes a schedul-
ing method of delivery processing based on the RRC state for a push server which establishes the connection
just before sending messages and does not need Keep-Alive signals. It is shown that our method can reduce
delivery delays by 13%.
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Fig. 1 System of IP push.
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Fig. 3 RRC states in LTE networks.
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Table 1 RTT value of each RRC state.
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Fig. 4 Message delivery processes on IP push.
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Fig. 5 Sequence of method which prioritize trigger.
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Table 2 Specifications of machines for evaluation.
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I L CTHEBI L7z RRC IREE T L O R O 3 2 57

L7z, fllElE, 2 22—k LT 2 HEfT, 22—
DIEOFHEZ TR L7z, ll%E L7- RRCIREDILFEE
FT3IWRYT., HEHFHII2 LY THESHEDIEILED
%, IDLE, CELL_PCH, RRC_IDLE ®i#EWEIZE L Tl
BT — NP OMERY I 2L —FIZEETHINIA (MY
A2k, TCP #FMH L CTwab 7z, L) IEMIZIE, TCP
DSYN /N7y b)) OMMEHAL, FOHOMEEIZDONT
X, BEHO RRCIREBICES CBEA#EA L. X (1)
DTy T4 UBGNE, £1 &23(2), 3) ICEIEEHRL
TEEFMH LA R4 T ERERA RS LTy
FoA4 Y (K1) IEBT A dp +dr) #3KD RRCIREED
EIR LT,

S CIE, BUEER T O T AP LRy I 2L —4%0
T (1,500 #i5R) DA v — VEEEREZREY — /1%
BL, Avb—VRERBELZNE L. WEE, WHEAT
Va—) U EERL Do 7284 (LLT, FiFo e #
o), MUSEATHN, RRCIRERAY Y 2—1) v 7o
SHHIZ OV THE 4 100 AT T OEM L 72, FFTICB W
T, AvE—VEERBILEE LT, Xvbt—VO%EE%T
L7kt (1=1,2,---,1,500) & 7% B (ERT
BER © t(d), @RI 2 RERBEDTFHME CFYBE

#& 3 RRC RED =

Table 3 RRC state rates in mobile terminals.

RRC REE a—4 ] Z—4 2 RRS)ER S
(%) (%) (%)
CELL DCH 2.6 6.2 4.4
CELL_FACH 1.1 12 12
CELL PCH 9.4 29.1 193
IDLE 55.1 422 48.7
RRC_CONNECTED 30.3 14.2 223
RRC_IDLE 15 7.0 43

F4 RRCIEZ LD M) FEBRAZERE LTy FI4 ¥
Table 4 Deadline values of each RRC state.

Ty RITA4 2 (B
CELL_DCH 0.34
CELL_FACH 1.3
CELL_PCH 2.8
IDLE 3.7
RRC_CONNECTED 0.14
RRC_IDLE 0.95
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Fig. 7 Cumulative distribution of receiving times of push mes-

sages.

BIE :m), BILO, $XRTOHEEKLSA v — TV %22E LK
Z7-HEE (REZTHM . M) ZlEL:. 2B, m, M
FENZENTROMICLVER SN,

=3 1) ()
M =t(n) (5)

%8B, nEWAS RFEMTIEn=1500) &L, BEEK
TUT T ADEEEREAE LRERE 0 &5 5.

5.2 FHffER

X 7 IZFFMIC & o TR BNz A v b — VEUE R IE D
BERT. W71, EHRUOWT, Xy b=V DZED
ST LA EZEE TR (t(4) OMBERLS
F7EhoTWA, 75 7TIE, EHRIZOVWTHEL:
100 BATOFHEE R L TWAE, F5 7% 5L, RRCIK
Ay va—1) vy 7R, MIARITAER, FiFo AROIE
TAYE—VEEPETLTWAEZ LN yD5

LR, FEMiic o Tl oAy v — VERIEREE
(K 7) OE#ICE LT, /347 v b@ETHE % RRC K
#¢ (RRC_.CONNECTED, CELL_DCH, CELL_FACH) ®
WARNOBREEIE L, 7 v MBEEATREZ RRC IR
(RRCIDLE, CELL_PCH, IDLE) DK NDEAZELEZ
T CHH 5.

¥, 77 v MBET R RRCIRFEDIRA I T 5 X >
+—VEfEIL, RRCIRERAY V2 —1 ¥ 7 R Mo
IZHARTRIBICETLTEBY, ZOEWHZERKEL 400
MR BITE2ZEETRMOEL o THLTWS
RRCIRFER 7 ¥ 2 —1) » 7/ Tld, RRC REX HE
LTy RIA VAT Va—) 72k, Avk—U%
BHENIZET A LN TE L8 v MEETREZ RRC IR

© 2014 Information Processing Society of Japan

F 5 Avb— VlMERIE

Table 5 Delay values of messages.

FiFo kU AT RRC KA 7
o=
SR AR
) 4.00£0.02 3.85+0.03 3.76+0.02
PFEIE (7))
BdfE5e T
6.57+0.05 6.13+0.06 5.71+0.05
e (FD)

BOmAIS T 20HIE%EIC, $CREAYy -V E2%E
TE BTy MBEATREZ RRCARRED I K O MLFL L
BRICERSINL. ZOFR, /37 v M#EEEES RRC K
REOWMRIT 2 2 v — VEGEUHESEHICET L, B
BRIEAV/NE A, —J7T, FiFo FI% M B4R
’C“Li, 23y MBEEEZ RRC IREED I K 12k 3 % L

, TR Ay =V R ETERVSr v MBEARTT

&Rﬁcﬁ%@ BRI AR SN, BE
LLﬁ‘ﬁ% 5.

F72, N7y MBEATEER RRC IREEICH§ 2 BifE 2
MEWCBRALTD, RRCIKEERA 7 Vo —1) ¥ 7 lEAAs, foJs
HRICHRTENTEY, K707 77 EowmEkE 1,500 i
DOWERIEE 72 o> THNT WA, RRCIRFEEA X Y2 —1)
Y7 HANTE, M)A EEEEENICERT LI LT, N
7y MBEAT RS RRCIREEIZS 2 i KOIREEER
B SN b 720, BB TRMAVNS SRS, PYT
FAAHRIIBWTH, M) TRELEE BN, L
ML, RRELEZELTL2LEOR VN v MEEAR
fiE7: RRCIKFEDUIRIZHT T B A v+ — VEFIF OB
A RROIREEZR X 22— v 7RI ETFIFS N7
W, NUFREMELSFLIRTLEY, R, BUEIERE
WREL B oTWAD,

F+ 5 12 FiFo X LR E SR BT 2 FHEAEIELE (m),
EA5E TRER (M) %2Rd. & HUCE L, m, M ® 100
AATHOFIEE & 5% FHIXHE 2 /R LT b, RRC 1KFE
2 Y 2= 7RI, FiFo RN, BEREFE
fIET 6%, BUE50 THE T 13% %L T\ 5.

6. FEEMZE

Z T, AAEICEEE T B ERITFEIC OV TR S,
VAR, TCP MR D 7280 D Keep-Alive 25D X 9 7
EHHEIC L D RRCIRFEDEBRE DS, TN VR ENAS
WIRA N 2 BB owf@lﬂf”" BEENTWDS, /-
& 21, Haverine & [13] 1& 3G 2B 52 EWEE2TEN
4»%*®%ﬁﬁ§’5z%%@ IZOoWTHHILTED,
Puttone & [12] 1 LTE (28 2 @ @15 25 E /31 VgL
5.2 5 RRC IREEER O AN, BLY, ENANVImEDE
TTHEBECEAT A0 e 7o Twh, 20X ) eifgeld, &
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# 5 WS Keep-Alive 15 5 O AL 7 B3 BBl r o 1P
T v lCET AR B L o T B,

Perilld 5 [23] 1%, 3G 281} 5% RRC IRREIZBI 5 & FE
ST RA—=F BT BI20D Y —)V 3G3T ZI_REL, HE
DEEHEHEEICBITS RRCIREZ L 0@EREZ Hll%E L
TWwa, g SNBEREL, RFICBWTllE L72%E
HE L VEZ/RLTWA, 72, BEFELZICL->TH
U RRCIRETHHERELEDHIZELL I L2Z/RLTBHED,
TSR IENE 2 2L SR 75 A ORFE SR OFHMIE 5% DR
ETH5.

IP 7y vald, BUE, MA%7 Iy + 74— Tt
ENTw5, 728 z21E, Android 128175 GCM (Google
Cloud Messaging) [1], i0S 12813 % APNS (Apple Push
Notification Service) [2], FireFox OS |23 F % Simple-
Push[3] 2 &AW Y, F72, W3C 2B\ T PushAPI [24
OHFFL B ENTWE, ThOHARIP 7y ¥ 22 fih
$TEHTTy b T+ —LOWNFE[25) b HENTEY, IP 7y
VAT AFREDOE S ERLTWAS,

Adya 5 [26] 1%, IP 7 v ¥ 2% —/N2B1F 5 CPU &fif
RA v = VREREIZES 5 % & OFHi 2 1T - Tw
b, Ayt —VEREUBOERNDGIT T, Y AT AN
HOWMI % RiE$ 2 L TRERBRSPFEFETELELTw
L5, ENA VRN LBREICL AERERIEY EE L
A vt = VEUEREIED M AT - T\,

P =D LHOWMKICT — 5 #BUET LHEDAT V2 —
VY ZIZELTOEROMIEN R SN TV D,

72 z2E, 77—y arrbh 2z bk S I
£oT, ArTa—1) 7 %479 EDF (Earliest Deadline
First) % GPS (Generalized Processor Sharing) [27] 7 &
Wd5bH. EDFTIE, 77V 75— a3 YD oREREDT v
FIAUDHzz26N, Tv FI4 VIEWESLEE D 5
ETHHRTH A, GPS L, HEEMEIELENG 2
LN, BREEOBVEELIEIIN L TE L DOFHEER T E
DY TEHRTHL, b0, TV r—2a v OREHE
FTARERIEZERT 57200 TH L0, H—HOT
TV =2 a b ORGEERPEEIEE L 7256 1233
FEIZEEZNTONEVE V) RENDH L. IP Ty v a
T, ZROENA VIERIZFE—NEOMME —FEET
LHRBIZOMEbN, ZOLAICITEATE 2. /2, &
B EDL G Z NV REL D .

BETAHT— %A XEDIK ATV a—1) v 7 HRA
bIFESIN TS [28], [29]. BET ST — 7414 Xk
S WL A ES &4 %5 SRPT (Shortest Remaining
Processing Time) A7 ¥ 2 —1) ¥ 72X > T, EAZELE
D HIRT AR EFELNL. L Lids, 77
r—3a AT BMET)IP Ty 2T, 12000
KICEET AT =794 X3/hs L, 13IBR—H A4 X%
b, 72k z1E, GCM IZEE 7 — 4 ¥ A X2 4KB Ol
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EEIT TS, FRIS, ZEDOENA VIR —NEOH
ME—FEET L2563, REVYA XER—L425. L2
BoT, T—FH A RNHEDSLEEATr V2= Y 7D IP
Ty T a O I EE L.

7. BbYIC

ARk, TN VHHIZBIT A RRCIREEZERIZ X 45815
BIEAZET LI LI T, ZERDENANVERICH L
THEHIZT Yy 2 X v tb— TV %2EUET 5 BEORMEEL > #)
T 5 HRE2HZIIRE L. NS VK TIE, RRC
REEEBICL ZBIENKE VD, Xy b—URERICIE
BN RRCIREEO BB ZESEILLEND L. I—ET
XTI, BN VRO RRCIIRFELZ Z[E L, FASHLHEE A
rPa—=rr7 %79 2&T, RRCIKEDERZ 74 S
LNV TERPIIRETHIET, Ay b—VORERE
EAIHITEH, v Iab—Ta VEHITEATo 728, Ay
t— VREEEICEALT, FHUREELEY 6%, RET
% 13% K TE B 2 EAVRENT. SHBOMEE LT
1, A v b= VRMEERDSERICOE L CRIE T AHE,
ENA VKD & 5 RRC IKEED L EZZ/L S 7260
e EABHITSND. Tz, MR R T AR
LR ERIC I FRASEAET 5. A — SR T 5
SHD TN NVIHEKIZFREIZ X v 2=V ERET HHEIC
13, REEEIMAT L7215 Th L, F—EHELRICTE
P9 2D E/NA Vi K OEE S WilT 5 7% EORENRD 5
7o, HATKEW & 72 ) OREEKE RS 2 % E Ol % 1%
AT ALEND L.
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