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Implementation of Wi-Fi Wake-Up Control
Using BLE for Energy Saving in Mobile Device

NAOYA TANAKAT SUHUA TANG' SADAO OBANAT

Abstract: The short lasting time per charge of smart phones is a concern to users, and one of the causes is the frequent use of the
embedded Wi-Fi module. With the widespread of new applications like social networking service (SNS), the Wi-Fi module in a
smartphone is kept awake because packets arrive at irregular timing, which is unpredictable. To reduce energy consumption, we
had proposed a Wi-Fi wake-up control method by using a low power BLE module as a wake-up radio, which activates the power-
hungry Wi-Fi module on demand. We also made a prototype system, which, however, has limited effect because of the constraint
of Android API. In this paper, we implemented this method in the driver level, and evaluated its performance on a testbed PC.
Experimental results confirm that the proposed method can reduce energy consumption of a Wi-Fi module by about 40%, compared
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with the conventional power-save mode(PSM).

Keywords: Wi-Fi, Wake-up control, BLE.

1. [FLBHIZ

Aw— N7 AR THMEO—2L LT, HEEHOD
BN X DA ATRERE OB S 135 5. T DOFIK & LT,
W #R, Wi-Fi, GPS, B W7 EDOTF A ZDOMEHANH
D[], ¥kx 727 7'a—F THEE N Z M2 DT DI
TWa., ZIZTHE, ZOHRTHHEEIORE W Wi-Fi I
HHT .

UT4E, LINEIZfREESND SNS DX H 7%, T—F %%
THEEAI VTP REMARRT 7Y r—va U TR
D, FHFHZFDOEDIC Wi-Fi ZFISEB L TEHEE LM
HLTWEREARDLD. Z0rd, £H56I1T%kI,
Bluetooth4.0 M HFAEDA~— F 7 4+ TREIN TS
VE# %7153/ 2\ BLE(Bluetooth Low Energy)% vV = A 7 7
v TEZEHE LTHWT, RERKRFZET Wi-Fi 237 H
FFR T oA 7T THIENC X o CTWHEE 28T 5 6
WHFRERE L] ZOZO0ASRX% PC BicEEL

TOBEKBERT KBS TR
Graduate School of Informatics and Engineering, The University of Electro-
Communications.

(©2016 Information Processing Society of Japan

DT, TOEODOTER, AT LORREF - BHEHFER
D N Rl EBROFERIZOWTHET 5.

2. PERBAEEKTHR

2.1 Wi-Fi @ Power Save Mode(PSM)

Wi-Fi O7 7% ARA > MAPWIEHMIcE —a v &%
fF4 5. Wi-Fi s KIZIX, #@HE— K& Power Save
Mode(PSM)[3] & TN DB E/IE— R 5. BFEE—F
T, WERE Wi-Fi 2 FIFEE LT —a v 2/b%0 5.

—J, PSME— R TIX, 7V = A 7 IRE(T — & OEZA(E
EITHOZEMTEHRE)E RV —TINRE(T — & OEZAF
Z L7 WMET R R IR ) A LRI AR 0 R, SRR Y
—7RETHD & &, HMKLDO/T v b OFEE iR
LIeDICEBBNCT U = A ZIREIZBATL, E—ar &%
BT 5. WMRIIETOE—a 22 ET50TIERL, ©
—aACEENLERNOZERBREFHREL, ZoHRE
WCZET D, B —a T HRE DT — X O IR



TR 2R
IPSJ SIG Technical Report

DEWMNEEN, BWMAKOT 4B HHEEIET VoA
TIREDEET —H 2 B2, EBOGAITA D —7 Rk
WZBATT 2. LINE OLORT TV r—2a s TAytE—
CEZETDIEHS, TOT—XBWVDRDLNGINLIRND
T, PSM CHEHMICWI-Fiz v =277 v/ L TE—2
VEZELBTOLENRDY, TOHOENENEETD.
22 RITHR

T xA 7T v 7AW Wi-Fi 08 ECIZEET 5
Wi, MWRMNS AP E T =4 7T v 7T HFIE[S]E, AP
BNEHERE Y A 7T v 7 &E, HEBHOKEV Wi-
Fi % A U —7 &85 FIE6[7108H 5. [S]DHEA, HRM )
AP DU A 7T v FIHFBRRME S HEET D720, AP
MICEROZEEBELZHEETI2LERSH L. 610G, &
KafioTroA T v TE5EEREL, v A7 THRAT
5. FORY, BENSTERTITONDTZOICEIENE L,
F7o, BIERHAEWEDORENDH D, [7]TIE, ZigBee &
T A 77y TR T 523, ZigBee 1X BLE £ D {H
BEHINEL, Fiz, ZigBee [TENAA MR TIXE L LT
[AY/4AN

3. £ICRELF-BLEZHAW:=Wi-Fivoxz4%
7y THIEAXOME

R FHFATIE, 77 BAKRA > MAP)IELBLE # T E
—a U ERICE ENDWMAKBEOT — X OFEICET HIEH
EEEL, WARIEBLEICE W Z0EHEZELT, Bk
SEDT — XN DI ENRINTWEYE, BAD Wi-
Fid VAT v S8ETT—2%2%ETH. T—F¥%%
4 BEELIAMIIT Wi-Fi 2 2 ) — 7RI+ 5. Zhic X
D, T—2HEREOEEE I OHRBNSERETE S, E,
BLE IZ X B2 HEHMOEFITIE, 7 KARZ A XA N EFEIN
%5 BLE TRA AATERBEWERRAT 720037 v |k
ZHWS.

LZREFRIC L 2@EOMEL, X 212 Wi-Fio ¥
A 7T v T OWNERT. BifEE LT, AP IXERM RS
INTHY, Wi-Fi2FREBHLTWDLIHD LT 2.

1) AP, BMARSEOT — X OFMICET 5 v —a U EH
% BLE 7 RARXFZ A XA MR, BLE B —=a &
FES) & IV TIEET 5.

2)  HUEERE, HEEWI-Fi 22U —7MREEIZ LT, AP D
BLE #/r L TBLE b —a 22T 5.

3) BLE BE—al %&Z(FLMRIL, B—atEHnsH
SARSED T —Z NEBHINE D DEHERTS.

a) HBIRKIEOT —Z0NFG 586, BEAD Wi-Fi %
TxA T v ULT, T —H &G L, [FFIZ BLE
DAY —TRBICBITT D, T— X OZENRKET
L7=b, Wi-Fi #A2 U —2IREEICLC, BLE B—

(©2016 Information Processing Society of Japan

Vol.2016-MBL-81 No.26
Vol.2016-1TS-67 No.26

2016/12/9
I DOREEFRT 5.
b) HRAKIEDT — X BNHENEE, BLE B —a D%
fFafkT 5.

E—J2x{E/HR 2
<> FRzEALE-T>

RFEDT —FH'H D LD

FOCIRATN ||| ‘ ‘ I
fAlDWi-Fi
FOCRRA
@lOBLE " N
UHRAIDBLE - -- k s
THARBIDOWi-Fi «+ in
Wi-Fi RU—T Wi-Fi 2U—7
Yovg;i;_j) ;ﬁ;‘:“’ I?‘—S@E:ﬁ I F—s
BLEICLD
2(E ACK FUIA DR
1 RRGROME
TORARA b T 3
— F—apsE| —
Wi-Fi " Wi-Fi
E—a tEs A S5
=##HE | 7S
BLE Frrsa<n | BLE

2 |MEFXCEL DV =2A 7T v T DN

3 FarsAFIZ8 T3 ERAE

Android ECEMET 2IEFREH LT 7V r—r 3
(Tu b HA ) EER L, BLE #B#OMAR(A~— k7 ¢
> LG G2 mini) F CE{E S, Wi-Fi @%E— K, PSM £—
FOMEBRELZILE LT-. AP 22D TKB OF — X & —iE
MBI EE LR, BEFR LR Wi-Fi OO
BD, F—EEZET DI HNEEREEFHE L.
HEBROBEX, TN 50 BITWV, EHER-7-. &
MOME DR, 7 A X —IZ1k NR-2000 %, v H— (2%
WAVESHOT!2000 % i\ /. F£7=, 7ua h& 4 TDOEE,
Android @ API Z W TW 5729 Wi-Fi & 2 U — 7 fkEE
T2 ENTET, Wi-Fi 2RV =T /1024 7T 7D
RO YVIZON/OFF LTN5D. D728, T —FZFIThi
B EERIZIX, Wi-Fi ON OB & Eh 5.

3 ICIEMRR OBRER A T, £ 1 ICELET
A RREE L ZEROEOMEERE, £ 217 —4%
BT3B W 2 3.



TR 2R
IPSJ SIG Technical Report

TEILER
Em
3 TEMERR OB R

£ 1

T A RVIREER & 52 AR Wy O A

7 A RVIRHE[mA]

7 — 5 Z{5HHmA]

~ 1 k%A 7(BLE)

7.02

51.97

Wi-Fi J@ &

22.66

49.22

Wi-Fi PSM

11.27

49.22

® 2 T HRBIIHIND R
TS AT H D B R[]
Tu hFAT | 342

Wi-Fio> 7 0.02

1RV, T—XZERHEOMHEBRIIATNOITHELL,
280, 70 NATOHFNT —ZZFIT DR
VW2 En s, ik, v ¥ A7 TIE Wi-Fi &
ON/OFF LTEY, ZHIIfEoTz AP DAFX ¥ 7 E D%
DREMENREENDI DB ZOND. £ 3127 ¥ A
T OT — X ZAZ DD D HE B ECE T X REHE) DO NFR %
Y

# 3 THFZEIIODHHEBEBIREDONR
AIRAE D370 % BEE[s] T4 B [ mAs]
Wi-Fi ON 1.18 65.74
AF oy 0.88 43.26
AP ~D i 0.34 24.13
T A RiRTE 0.65 14.73
T—2%E 0.02 0.98
Wi-Fi OFF 0.34 24.94

4. FliEER

41 Wi-Fi RY—Fi9z 497y 7Ha

Wi-Fi O A Y =7z 7 7Y r—a v ETidizl,
AR LAN K7 A NEQOTAETITH Z & T, AP & OBk
EHERELTZRECRY — T 5HRTE L7720, R3IWTH
DAXR ¥ UROEREOEL LS T2 LA TE, Wi-FiON
THDIZHN LM EHBBREMADIENTED EE R
HiLb. Linux BRIZB T DT NAARTANRNOEZHRZ

(©2016 Information Processing Society of Japan

Vo0l.2016-MBL-81 No.26

Vol.2016-ITS-67 No.26

2016/12/9

D=z, 7 A7 k7 PC(Ubuntu), Wi-Fi MiniPCI # — F

(Ubiquiti SR71-E)& A — 7> Y — ZDEH LAN KT A S

(ath9k[8]) & AWM =, ZRDIRAED T2 DI, Wi-Fi & A U —7

REIZLCY=A 77 v 7 &R TBOEREAE L. £

7=, PC &K TIE72 < Wi-Fi D BRIZ X 5B ERZHET D

72912, MiniPClI OIER 7 —7 V% AT Wi-Fi 71— K%

B L, v AICEREME LTV AE &Yk LIk &

BeHDBEEIT > 7.

4 |2 MiniPCI #E& 7 — 7 VI Lk O T %, 512

T E B ORERR & 77

4 MiniPCl L4 — 7L & Wi-Fi MiniPCI 7 — R

PC —

+ L “;;TPIEI
ath9k
Ob— T A

5 HERIEE O

F, TRAARTANRDY —Aa— NeEXH|Z, @
WA U =7 100ms THDHATE, HIEE LT
BI=DIZHISs FTIER Lz, V—Aa— ROEBXBRZNE
B2 Y —FREMIC KM S LTV D DR T D701
printk Z# VTRV =7 /U = A 7 v THHICA v —T %
HAOZED L) cEEHZ, dmesg 2~ RTHA LA
TSR T L LT, BEDOR Y —TRERDK 5512
725 L HMERR LT-. SCKRIZ NETWORK _SLEEP & #oR &
NTWnWbHEE, Wi-FisA Y —F L7722 L &/RL, AWAKE
LFERENTWDEEIE, Wi-Fi RU=A 277 v L7=Z
& HIRT. 6 {2 dmesg I X B %, T =A7
7y TREO BRI & T

X 7XYv, v h&A 7 TiX Wi-Fi ON RRZEIZR <7
L OBREBOREEC L > CTENEHEE LTV DH, Wi-Fik
2V —=TFRIEICT D2 L TRABBIEDES RoTNDH T
EINTMND.



TR 2T IEHR
IPSJ SIG Technical Report

.040032] ath9k_ps_restore, NETWORK_SLEEP
6.828160] ath9k_hw_setpower, AWAKE
6.928235] ath9k_ps_restore, NETWORK_SLEEP

.804156] ath9k_hw_setpower, AWAKE
.904226] ath9k_ps_restore, NETWORK_SLEEP
6.828107] ath9k_hw_setpower, AWAKE

6 dmesglZLDHN

HJ'“'“M*‘*\ -

Y ’*W\"fu
mmmw

M7 vxA77T v T ROBETREI
ON/OFF #ll##(_k), SLEEP/Wake-up fl##1( T)

5. YRATLDHREHELRE

AP LI RE LT, 2BDOT A7 vy 7 PCIC, #NLTFh
BEFROBEEITO T —F (AP 75—, MR MT
—ENERELE. X IV AT LMK ERT. £77,
K 9123 AT LOEBEDOTN R,

1) APIE, Wi-Fi 22 U —F LTV AR (R U —7HE)
SED/NT y a7 I ANDERIC, A Y —T R
DMAC T RLAZRMEGL, APMIT —F L ~JET

2) APMIFT—FENL, MACT RLRET RAZA AL K
WAL, BLE B —=a LT r— K%y A T 5
PR —F 1% BLE TBLE E—a DX ¥y &
1TV, BLE B—=2%%{79 5 &, BLE B —= /(TfY
MENTWAD MAC 7 RLARESEE —ET H0h%E
Fxv 7L, bL—HITNEV-Fiz2volA 7 v
SHETAPIZPS-POLLUERGERN YV = A 7 T v LI Z &
AP IBER DIEE) EXET D

(©2016 Information Processing Society of Japan

Vol.2016-MBL-81 No.26
Vol.2016-1TS-67 No.26

2016/12/9
AP
_@L i _ BLE  WiFi
AP Qﬁ Sl L
SRR + @+
T—E Py ) : ?
PC ‘V' ‘v'
~ BLE  WiFi
i R A8 ' - S
F—E _|> ;34- ’ + ’

i

X 8 AT LD

AP
) 7t BLE_ Wi-Fi Wi-Fi_BLE 7€
IFREED
F— SR 2U=7
@ b—-@ BLE"—1>~ ®
— B
IITAD
7w T
PS-POLL
ACK
5%
‘/,_f_cﬁ—"”’
4/%
ACK

-7
K9 AT HOBEEE

51 K LAN FSAROESH@R

Wi-Fi PSM OAEAETIE, Xy FU—Z L0 R Y — T
REEDT —H 3 AP [T\ = & X, AP [Ty 7 7 ITZ DX
Ty hEEZ, AV—TEWENT VoA JREBIZBITLE
BUCZ ORI LT L TRET D, 20w, Rv
AT LOFEETIE, AP BA ) —TIREDOT —F %Ny

T DX A IV T TAY —TWERDT KL AERE
?% L, BLE B —a v ZiRICEET D L5127 5

A LAN KT A4 /\@ﬁ—X/V%v;~/I/T“E§J%>
mac80211(backports-3. 13-1/net/mac80211) % 4L L 72T, tx.c
P D ES%K ieee80211 tx_h unicast ps _buf T PSM ¥EFR%E D /™
Ty FES Y 7 7 TR 5 B skb_queue_tail & W T
Ry FOBEEEITo TN Z L AR L-.

BLE b —a i)k s A4 IV 7 TEET DD
mac8021l # F &Mz, AU —TWMKmLONRT v M &
skb_queue tail ZHW Ty 7 7 [T L 72 B I8RO
MAC 7 RV A Zgidr, =% 2= TEEST 5 AP M7
—F L EHFT LD, proc T 7 ANT AT AITEEIA
Lk oiz L.



& OB s s Vol.2016-MBL-81 No.26

IPSJ SIG Technical Report V01.2016-ITS-2%712<1).22/8

52 APfIF—EY S AR D Wi-Fi Moo 37 > b TlidZe < fERR D729 D ping

AP 17 —F 1%, proc 7 7 A /L AT LD mac80211 TUA T T LIeEWVW) ZENFND LT, o
NEZGAALLZ AT —TEKDO MAC 7 RL A &FHTe. =0 Ty R OWEBREETITo 72, % 412 ping IS E R 2 /R 7.
MAC 7 RL A% BLE 7 RAHF A XX v MIEZIAKL,

BLEE—a L L T7Rr—FRX¥ AR T5H. 7 RRZAX # 4 ping JGERFE

AU NDOT7H—<v MK 10 DX 527> TEY, AD PSM I 0D S 2 W ) [ms] AR AT IO ISR [ms]

Datax K30 4277 v MDD 7 4 — /L RiZE—a U E# % E 1095 152

XiAte. AT AT LTI, AD Data DFEgHEA A7 T v MiZ 3693 261

BLE t—a v ThiHZ L& T 777 BLE bt—a 77 4318 166

MNeBEZIAL, TORIFITT64 27Ty FOMACT K 8014 101

L 2 Z#E AT, BLE Offil##1i2iZ Bluetooth @ 7'm k=L 3028 211

A K7 To % BlueZ[10]%, PC @ AP {biZIE hostapd[11]

T # 410, Ky AT A TIEFEE L TH 180ms THIAMA
IHIZBLE =3 D7 4=~ P ERT. 5 ping DIGEME - TWS 2 L bh 5. £7=, PSM 05

i, AV —7HEE % 10s I2 LTV DD T 0~10s DIFH]

1 octet Length octets WP TWVWBZENTND. ZOFRREND, RUAT A
Length Data MRS ICEEL T, BLE %AWV CHiERM O Wi-Fi

%?I477)70T%Tb‘%): &%ﬁ%umf%ﬁ_.

n octets Length — n octets 6. ngﬁ;ﬁ & %ﬁ
AD Type AD Data -
6.1 FE{MZEER
10 7RREZAL XA MDT+—< v b TEER E FREORETIET, 1B LY AT AL HH
100ms @ PSM BEIZHWT, SR8 T —# (1 [BlO ping) % 5%
AD Data fg Lf:ﬁ%%@ﬂ‘?m%@m L. 122 PSM L2 TT
— X g LI OEBERIKEE 27 .
| I 12 DZFNZIUCEBNT, FREaNT — 2 2215 L
14 octets 6 octets ! TWABEHZ BT 5. AL AT NEWERHZIL, Wi-Fi 282 U —
BLEY—1> S
=77 MACY FL-.A e
11 BLEE—a D7 4—<v k 200000

1600 00

53 WWREITF—EY
ERIT —F 1%, BLEDT RARZ A XA MEZEL, 120000
ZIE LT RANZ A XA ~® AD Data % Hi/, BLE £ —

AT ITRHLNE DD EHHETD. BLBEE—a 7T -
TN BYE, BEIAENTVS MACT FLAZAIHL, s P
HiGARD MAC 7 RL R L3 5. 7 NLAR—HT % 000
iza—:., UEARAIO Wi-Fi 235 B 5. Wi-Fi 2835 B35 240000
, Pk PSM & [FIERIC, HBIAYIZ PS-POLLCHAR N ¥ = I
477*77°L7E:&€*AP B ZDIEB)ST —Z DR B
VATV, ZOBRTFOWI-Fi (T2 Y — P HRIE~EBITT 5. 160000
BLE OHflfNZ IX[FERIC BlueZ 5 e
54 EVERERR
FA ARG N EEEWE, BRM WiFi 02 Y —7 e
M 240 10s £ TER L, PSM L KT AT L2 EES & 400,00 door—t
T Z N ENOIRAET AP D> B Ak L T ping & 5 [H] o

EEL, RVATAIBT DEKMO Wi-Fi XU A 77T
v L TCping 2ZETDHIENTELNEMB L. £7-, 12 PSM (k)& v AT LEIERE(R)DEIRIE T

(©2016 Information Processing Society of Japan 5



TR P SRR

IPSJ SIG Technical Report

ZOURREMN S, BLE B —2 &% LT Wi-Fi 8325 ER
DF—2%EZEL, TORIZAY —REBICE DT D
RBTED. RVATLDOYE, T—F&XZF L TWRVE
WIEHEICA Y —FIRRBIZ R > T B, BIIOBIEICAWE
ol —%EAL, PSM CREFROT — ¥ FER (T — 4
ZIRFLUANOE OB BEREZHE L. £ 5 IcE2E
NOHEERE =T .

x5 T FIHER O ER
7 — Z R O E T [mA]

PSM 1356
K AT A 788
62 £

#5 X0, AHFRXIT PSM & T F — Z RO 2
BB A END TN LN D . PSM IET — & R

HEMMICE— a2 22 ET 5 OICHEENNEm 2 5.

AFXTIIROVIZBLEZ W TBLEE—a 255 L,
Wi-Fi 2 A ) =7 XFTWHOEBEENZHIMTE 5.
AFRIFT —Z I BLE B —a 2% (ET 572012
BLE #/Z& L T\ 5708, TOWHEBREIMNET 20D
H20, BLE IZBITD7 A F/VREOHEEINIL 550 A
BTHHED[2], AVATLAOESIITIZIEEHET S 2
LNTELMETHD. £, A~— M7+ DBREITBN
Th, THFERD PSM O 7 A RAREOHEE BT 11lmA T
HDHTD, DRPEFTED.

RKYAT AT KENT —F5Z B LIEORY —F
HENE, ek PSM &R —EHM T — & k2T

I Wi-Fi 22 =7 &5 L WOEEOE FIZR> T 5D

2 Y =T HHEAT, T — X ZEEEZIC Wi-Fi 2 A Y —7
SHDHIETELRDERBIHEAARETHDLEZZXD
n5.

7. 8hYIC

ARETIE, A VEROHEBITHIRO 7= DI HICE
FHODMRE LT, BLE ZHWVWT2 Wi-Fi V= A 7 7 v 7l
FHKET 7V r— gL LT Android EIZFEEL =D
Wi-Fi U= A 7T v 7ROBIEEfRET 5 2 & & BRI,
Wi-Fi OflfliZ T SA 2 RZ AN L TITo 1258 OB
WREEIT, VA 77T v 7ROEBENEE 2N L%
B L7z, £72, 22O PC ETENEIAP LR E LT
FET LT —F & LCTIRESFRE R L, SEMRETT
570 BT, FHIERR E L TERRIE 21TV, PSM & ik L
7GE, MEFRICEIY T — X HEROEEENZ 4F
B CE 2 AEERSH D Z L E/R LTz,

L1, RUAT KBV TNy MZERICEDIZA
V=T XEDLER, 7 RNNZ A XA s OEE B O EE
{LIZ X DBIEDMR E HE BB RO E, kv £<

(©2016 Information Processing Society of Japan

Vol.2016-MBL-81 No.26
Vol.2016-1TS-67 No.26
2016/12/9

DGR AP [T T 2B DT 9IZ, MAC 7 KL A TlE
72< AP L OB ID(1 By M)E&E W TR 2 ik B3 5 %5
DEBEEITV, REXEFH L2 Z Ik 5 EE0BED
FSL, Av— N7 4 UV EOWMEICBIT 2RESFXOHE
ERIETHTETHD.

Flo, WMEICKHLTELNDT —F BV EOHEITIE,
AL, Wi-Fi 288912 BLE Z W T —% 2% 7
L7mED, HWEEBRAIBODREZ L&D TRE
179.

SEXH

[1] A. Carroll and G. Heiser, “An analysis of power consumption in a
smartphone,” in Proc. USENIXATC, 2010, p. 21.

[2] Naoya Tanaka, Suhua Tang, Sadao Obana, ““E/3A /LUK DV
27 IHIBL D 7= D O Bluetooth4.0(BLE) % V7= Wi-Fi 77 = A
77 TR D#RE,” DICOMO 2015.

[3] Andrew J. Pyles, Xin Qi, Gang Zhou, Matthew Keally and Xue Liu,
“SAPSM Smart Adaptive 802.11 PSM for Smartphones,”
UbiComp ’12, pp. 11-20, 2012.

[4] I Demirkol, C. Ersoy, and E. Onur, “Wake-up receivers for wireless
sensor networks: Benefits and challenges,” IEEEWireless Commun.
Mag., vol. 16, no. 4, pp. 88-96, Aug. 2009.

[5] S. Tang, H. Yomo, and Y. Takeuchi, "Optimization of Frame
Length Modulation-Based Wake-up Control for Green WLANS,"
IEEE Transactions on Vehicular Technology, Vol.64, Issue.2,
pp.768-780, 2014.

[6] Mostafa Uddin and Tamer Nadeem, “A2PSM: Audio assisted Wi-Fi
power saving mechanism for smart devices,” ACM HotMobile’13,
USA, Feb 2013.

[7] Yifan Zhang and Qun Li, “HoWiES: A holistic approach to ZigBee
assisted Wi-Fi energy savings in mobile devices,” INFOCOM 2013,
pp.1366—1374, USA, Apr 2013.

[8] ath9k, wireless.wiki.kernel.org/en/users/drivers/ath9k.

[9] Bluetooth Core Specification 4.2,
www.bluetooth.com/specifications/adopted-specifications.

[10] BlueZ, www.bluez.org/.

[11] hostapd, wl.fi/hostapd/.

[12] Measuring Bluetooth Smart Power Consumption,
www.ti.com/lit/an/swra478a/swra478a.pdf.



