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Studies on Reliable Millimeter-Wave WBAN
ABSTRACT :

Wireless body area network (WBAN) using millimeter wave is expected to solve
inter-WBAN interference problem because higher free space loss and higher human
body attenuation than that of microwave such as 2.4 GHz reduce interference power.
The human body attenuation is important to reduce the interference especially in
user-dense condition. Inter-WBAN interference is one of problems of WBAN which
happens among nearby WBANs. When the number of WBAN users increase, many
WBANSs gather in small area so radio wave interference between WBANSs is serious.
There are four attenuations: (1) free space loss based on Friis formula Lfree [dB] due to
the propagation distance. (2) human body attenuation of interfered user (Rx user) LRx
[dB] due to that Rx antenna is attached to the body. (3) human body attenuation of
interfering user (Tx user) LTx [dB] due to the same principle of LRx. and (4) human
body attenuation of user between Tx/Rx users Lshadow [dB]. These attenuations is
larger when body of Tx user, Rx user, or user between Tx/Rx antenna blocks
line-of-sight (LoS) of interference path. For example, the interference power is
attenuated when Rx antenna attached on front of a body while interference signal is
come from behind Rx.

In Capter 2, we study that a human body blocking attenuation at 60 GHz which is key
factor for suppressing inter-WBAN interference problem in crowded condition. We
presented the inter-WBAN interference model that includes free space loss, human
body blocking attenuation of interfered user (Rx user), that of interfering user (Tx user)
and that of the user existing between Tx/Rx user. To evaluate the power of inter-WBAN
interference using the model, two kinds of measurement were exhibited: One is the body
attenuation of Rx user and the other is the body attenuation between Tx/Rx users. It
was concluded that interference power of inter-WBAN is under received power
sensitivity in most case at 60 GHz when Tx antenna and Rx antenna are NLoS.explain
the measurement setups of human body blocking attenuation at 60 GHz. In this Capter,
additionally, the millimeter-wave inter-WBAN interference propagation model
considering the human body attenuation is proposed and evaluated the interference
environment in the user-dense condition by the computer simulation. The link budget
considering the four kinds of attenuation of the interference power is introduced and the
condition of the inter-WBAN interference is discussed. It is confirmed by the computer
simulation that the number of the interference users per user converges as five
interfering users in the user-dense condition. Therefore, the millimeter-wave WBAN is

very effective to reduce the inter-WBAN interference.



In Capter 3, we propose the directional millimeter-wave WBAN in the walking pause
considering directional selectivity between intra-WBAN communication and
inter-WBAN interference. The measurements of on-body propagation loss are shown at
60 GHz comparing with geometrical line-of-sight (LoS) experimentation using a
flashlight for directional millimeter-wave WBAN. From the measurements result, there
is no severe problem due to the body attenuation of intra-WBAN communication with
the directional antenna for Tx and Rx antennas.

In Chapter 4, evaluations of line design and reliability of 60 GHz band WBAN using
toe multihop is exhibited. We calculated the link budget based on the results in Section
3 and examined the required specifications for the antenna and showed that the
proposed scheme can be realized by the dipole array antenna with 4 x 4 footsteps and 2
x 2 body surface. Establishment of calculation model of channel capacity in WBAN and
evaluation of reliability of proposed system by Monte Carlo method reliable
communication capable of ensuring at least 10 Mbit /s regardless of distance between
sending and receiving nodes.

In Chapter 5, this paper is concluded. It is shown that the suppression effect of WBAN
interference by application of 60 GHz band and clarifies the high reliability of WBAN
using toe multihop and shows the feasibility of WBAN which can communicate reliably

even in walking environment at dense user It was.
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1.1 Bx

1.11 /DA >v4%—xv b (loT: Internet of things)

HOoPBEEDDA VR =2y MNMID%HN5 10T ODRMRTIE, €/ W) »xy hT—
N UBHRELEED D WIEEH#T S, ToT iI2&kbb b - £/ - fflk - 2 rH50
580N 12405 e THERMECAENERI NS [1]. WREEDE /) 1
VR—2w MIERT 5720, AfB X ORIEO Xy MU — 7Ol & B E AT
RTH5B. ZIZT, 1979 FIZHEPETCOBEMKEEFEY —CADERIT & LTI
ZEHABEER Y AT A 2] ICHAE Y, 2019 4 2 ABEHV SN TWS 4G [3] ®,
2018 4 6 H1Z Phase 1 2ME#EL X 41 2020 A LY —EADBHAI NS 5G [4] I2E D
FT, BHEEE D BEPRLADIATARANPE I RARRA NDOEEDFEH
LioTWA., 72 WLAN*2  [5] ® WPAN*3) [6] @ & 5 1Zi@(SHHEEAYE < /N
THRESBINZER R Y b7 =27 BEHAINTWS. 72 WBAN [7] 1& & 0 @{5 iRk
DPEWIREBRTOMRTH VD, TAEICE T 2 EEME 8] oxttEe LTHEAShTW
%5. ZZTWBAN ZZx0MWELE, 1 AbvEROESREY VY /) — 2T
70, BRI R VY ) — FOZEMNEENE 725, T XD B fizidionks
WE R ->7- WBAN 1%, ORI Y b T —27 LT8G > - HMHREILETH 5.

1) R 2 AR DR B WS ERTH S, RAE OB IEMTEA 2 4 116 15 2 [9] 12k B
Y, TTAEGEIE ] 21, BRABHLTTS TATOMEOIE, 2, X2, ¥, SEEHRO
S, FREXEZIEEVS.) L3N TEY, BRABAY LTHV2 L 0% EHREELEHLTWS.
¥ 7RI ARG WD B B R ERGRE P T A V5 505 G 5.

*2) PN ABOMEBIEREITTE714 7 74 (Wi-Fi) LW RBIALTEHSND

*3) Bluetooth, IrDA, ZigBee 7 ¥.
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1.1: EbEE/EDK < ToT: WBAN

1.1.2  Wireless body area network (WBAN)

B 1.1 2R3 WBAN iF5l#e b€/ 208 0T L EbNTED, V=757
WHBdWEA v TI v MO v Y ) — RIZk B3 NMREIBEETHS. % WBAN J —
RNl WBAN 22—V D4MKRIEHRZ Vv I L, BEBREBRDETEE, L7772k
2 HETERER O PR EICiEH S S [10], [11]. WBAN IZ X 0 @B AR O 5 % )
A% I EPTE, HJTTOERMARDHES ERELHOERIZN LU THEITHS.

MNESEIE D BAEEAN X8R0, WPAN % X 0 &iflt, MEBENS LKA Md
BIEREMELTVE [12]. LaL, E0EWRY k7 —2 %L ERHRA DS
DERD? S, NMRBIROBEEFEREME UTOH L WK RSN 5 Z & o7z [13].
2006 &£ 1 HIZ IEEE 802 7 —F > 7 70V —7dD WG15 WIZH L\ by 70 H D
Bt & By & U 72 H 3% Z B4 Wireless Next Generation (WNG) A3 X 7z [14].
2006 4 5 HiZ, WBAN Of#MA (IG-WBAN) 23] Tz X, IEEE 802 WG
15 DEFTEERIE, IG-WBAN 22X 7 1 Z)V—7 (SG-WBAN) & U TIERIZ#&GR
U7z [14]. 2008 4£ 1 Az, SG-WBAN % IEEE 802.15 ® R TX A2 7 ) —7 (TG6)
ELUTEHIRESINT (7). 2008 4E5 HETIZ TG6 (X0 T TV r— 3 UHigE
X, #H SN (18], 2010 4 4 A1 TEEE 802.15.6 V—% > 7 /L — T3, £
FREHRS LOEEFRHABROMHEEEI D In-/On-body / — FiZHi# b L7z WBAN
DBEHEDEAIDO K Z 7 b &{ilE L7z [15]. £ UL T 2012 4 2 A2 IEEE 802.15.6 #i
ARSI N [7). BUFIZ IEEE 802.15.6 #ll&DHWZ5IHT 5.

“To develop a communication standard for low power devices and operation
on, in or around the human body (but not limited to humans) to serve

a variety of applications including medical consumer electronics, personal
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entertainment and other.”

GEHR) BFE, RKEAELET, BLOHEAHZ Y ZT A VAV MBI T
ARSI D K DI, KEBEEN TN AHOBERKEZRIEL, AMEL,
MNEN, FREMNMROEFTHEMAT S Z & (272U ARITIER S Z8W0).

KL1LIZWBAN O7 7V —a Ufil% RS, WBAN ISR & FEEHEH O
JiEVR—FT5., REHREIRELS ATV T ITINE, 1750 R, B
CEMEIRERIZ T oNnS. o7 I 7V EEPERE, METKE R ORI K
# (16, [17], 7 FaT7BLOCTODRAE—Y L —=> 2 (18], BEIRAGH [19], W
BEH, ~NVAE=ZXY VI (18] mEWIFEHING. A v 7 F ¥ MEITLIME R
PADRIMFER L EITEH I NS, @REFENITE T ) — FOFHRCEFIIZWN S
ERiDMAIZE W BEMEAEZBIIETEDOTHS. 10T & WBAN OflAADLEIC
SOHETHERIY b7 —2 [20] IZEABTVEIY FT YA MY EY S (AAL)
[21]-[23] 1&, BEOHMN T TEBEL, N=YF N7 7 NOMTFER/NRICIZ, £
HOHE (QoL) #EHbL IR RIANZIMRAEZ LN TES. AAL X, 17
P, aVFFANT YT RAY ) a—F 7LV R —, FERE OV % i
ZTHHEARD IT AT L2 RET 2L F5bN TV [24]. FERHRICEALTE, &
FERMGRELET BV TIVEALALAN) —IVIRIVRTA VAV NT ) r— 3
VIREIZEHENS.

WBAN / — FIZBLFITRT K5 1ciae, 3228, BIUREID 3 DO/ EH» 5 8T
3ZenTES [13], [27).

MEEIC K 2048
BART /N1 2 (PD)
PD 32 U727 FaL—XnoDEHREZINETS. 42D DED
#4175, PD IZa—HIiZF 1+ AT L4 % LED Y ClEREANSES. 77
Vr—yaviZ&oTiEnN7 /=K, Y2 /=K, r—rv=xzA/)—N,
RAT4arvibu—baz=yk (BCU), »%5\3: PDA L3 IFEN5 [16].
TV
YD EANDENND LN RENES S, EHZERE Y, TV
CLVhevY, HE2VENIAF2T 4 22D H B [16], [25]. F]
APEESINDHDELANIIRT  HEN (EMG), K (EEG), OEM

) WS B WARRICE KX MOTOHELE, RFID % L Offfiz Hw T AMAE#E T s, K
HRTIYEa—XRENICT — X 2IUE - W ZITW, H#RLS 28 S0 h s ofia. (“a
VIXANT T AR, 7Y —HRER [V ¢ T 0 7 HAGERMS, 2019 42 A)
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tb LOBKEOREITRA (16], [17]
AK—Y FL—= v I KIE (1§

U7 77 IVE I R 2 [19)]
it S5 A 2L
S NVAEZRY v (18]
1TV NE DL
AR
TYELV TR MYV (AAL) [21]-[23]
izt B 15 1 R BEE=X)V VT

PR AT L

VD7 IWVEALAN)—I VT
JEE B & IVRTA VAV RN TV —v a3y
RAREOH U (GEERE)  [18]

(ECG), W&/, &, ME, meEE, SpO2, CO,, HAX VY, A1 H
A= ) fjf, DNA ¥, B&EREYY, Vv ry, bk
Exoy Ll

7OFaiI—%
TOFaT—RIIMENDH DL I—FIZM S LOERHZ@E»E 5. Xt
Y — RS ORFEREEERIC X DEMOHMNIC L b, FEfERHREDRE
DIKRANDIEANZFT S [26].

RRICL DD

4>7Z> b (In-body) B
AT IR — RIZAMRIZHDAENZ ) — RN ThHDE. RFEOTSF®P
FNEDENE ZAIZEIPNS.

&% (On-body) #!
WEMIIAREBSLTZENED 2cm DL ZAIZEPNS.

HER (Off-body) Y
AEREL ) — NIRICIZEE I NT, K25 2cm ~ 5m BED L Z AI0HE
mhs.

*5) IPUREERE B MRA T B 7D DEOB M. S X AR RIS & OBREIZH 5
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REC K 2048

d—F 4 %—%
=54 3x—X/)—=RNiFMBxy b7 —27fthdd WBAN L Di@EfF%T 5
ODTF— R A UTHIK. AX— M7 4 VR EREYT B,

IV RK/—F
IR/ —RiEborUdbkdon&E%2FEITT5. 2720, o/ —F
DFEHIZ) L — L7,

JL—/—FK
DL —/ —Riifio WBAN / — ROEE2H#kT 5. EICEHRREOE
W — ROFEIET 25812 ik24T 5.

% 1.2 (2 In-/On-body B+¥ ¥ 3 v b7 — 7 @5 D% R T [28].
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1.1 B3 7

WBAN 1% 6m? 720 10 {fd WBAN & X O 256 {fd> WBAN / — R»4H4E L
THEMETE2HELDH S [29]-[32]. £7/21 2D WBAN IZFEETELDIE 1 DD
TOHTHY, /—FEIL 64 % LRE LTW3 [33]. 7720, H—AMWA 2~4 {0
WBAN 2353252 eMWE26N5720 [34], 1 Ad7z 0 EKT 256 i WBAN
J—RETHATES. 1425 v b (x00~xFF*0) ) ®» WBAN 411 (WBAN ID)
M7 RLAELTHELY TSNS [35)].

IEEE 802.15.6 7 —* > 27 Z )V —7Tlx WBAN %2 1 Hhy 77 E2FKy 7D A
2— ROV THEMTEIEEMELTNS [12], [36]. 1 &y FRITIE, TV R/ —
K25 a—F 4 2—& (BLXOZOW) ~ADREITOLNG [37]. 2Ky THTE, =
VR —=RNa—F1x—ReD@EEEZYL—/— R KPhfkd 5. BELHARNFEL—aY
E— NI —aVE—FRD2OWBFMETS. ¥—a2VE—FTIE, AX—bFFRovo
LD I—F 4 F—RWNBEEEGHET . a—F 1 2 —XI&, BRZxy MU — 2128
LTWa/ —ROEEH UL ERT S/ — NOHlHz24T5 728, A—N—=T7L =10
G T2 ERTHEMN R —a v 2%kET 5. ZO—arvHT 127 IVDEIIZ
I—HPEET B EATRETH B [37], [38]. FFL—VE—RTE, 2y hT—2
WD/ — RIFBEIZ)E LT CSMA/CA IZ X B EEREZTVNI—T 4 2 —RIZT— X
ZEET 5.

% 1.3 12 IEEE 802.15.6 T X 15 WBAN OW#LfE i1l # 3. IEEE 802.15.6
HIEIIIRD 3 DOYHER M 2 E€FRL T\ 5.

ke (NB) PHY
NB PHY $# gD & 4 1 MHz FREDOBENZ HW@EThd b, KNDA
V75V M — RADREBII RSN, AR £ CAE B %
B3 5.

AN&EREE (HBC) PHY
HBC AR Z % e L@8E AR TH D, HRERICEMZ il X8 2 EiR R
&, EMEMHIERVER SR DS [39]. ARIMNIIZ BRI % B L W
OMEMEIZENTWED, 175V ML — N8 2B KT waEtk»
H5.

HBILwE (UWB) PHY
UWB iZ¥VFF v ) 7{E% (MB-OFDM) 72X Z< MWLV AEFIZLS
EHEALEL (DS-UDB) (& b AL 2 IR R IR E 51 L 2@ TH5. UWB
BANRIZE DYy KU A VT ORENDIN [40). NB HEBRIZ, hkNOA v 7

*6) 16 MEEFEL. 10 HEHTIZ 0~255.
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% 1.3: IEEE 802.15.6 #3EL 1 ¥

PHY Frequency Bandwidth Modulation
402-405 MHz (MICS band) 300 kHz | Differential B/Q/8-PSK
420-450 MHz 300 kHz GMSK
863-870 MHz 400 kHz | Differential B/Q/8-PSK
NB 902-928 MHz 500 kHz | Differential B/Q/8-PSK
956 MHz 400 kHz | Differential B/Q/8-PSK
23602400 MHz 1 MHz Differential B/Q/8-PSK
2400-2438.5 MHz (ISM band) 1 MHz Differential B/Q/8-PSK
HBC 16 MHz 4 MHz OOK
27 MHz 4 MHz OOK
UWB 3.2 - 4.7 GHz 499 MHz OOK, D-PSK
6.2-10.3 GHz 499 MHz OOK, D-PSK

Z v N — RADFRE IR 20 A, AMRGEIRAS £ CAE 2 BRI % iU
5.

WBAN / — ROEEENIF 0.1mW~1mW*) L XhTWwb, HizmkENIZ
KEOHMBBEZESR (FCC) MWED 2 ARDEIHKINE (SAR) O LRETH 5
1.6 W /kg [41] 2R ARVE S ITHREINT WS,

INFTHELD WBAN T2 70V 7 v REEINTE D, TO—HWEHEN
35 (k1.4-1.7).

) 72ROV EKF TR —10dBm~0dBm
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1.1 ExE 13

BERE TIEARFIMII TERAINS
£ WBAN [E1+=TWBAN BT $5n 4

1NBH7H)
?E?Q@ BRETCKEY R LD
e BNRE (SITRER)

1.2: Massive Connect IoT BfICH175 WBAN

1.1.3 Massive Connect loT Bt & WBAN ~DEK

IoT Ml L2255, a7 12y bV —2 D@l wkED /) — K
(/) PoOBRET—XENEL XY bT—=JMITOY Y 7T — RN L 25
Massive Connect ToT FifR~Z{LT 5 & FZ 5N TW5S [63], [64]. Massive Connect
IoT FHRIZE 1T 5 WBAN ANDOESRIFIRDE D &FEZ 6N 5.

e WBAN o —¥%4, L UOHNEE
WP AEBREDO AR ST, TP KM 72 ¥ WBAN 12— PR EET 5 Bk
THEAINEZNEFEZS5NSE. WBAN =¥ [R 5N ZERICEET B &
WBAN M T#:OMENFKET 5 [65]-[68]. £7/-ZD &S REETIZT -V
IELTWR EIREST, STREE2ToTVWIENRETHLLEZI SN,

e WBAN / — R D80
HoPBEHmEARY NI = MBRA D K512 BT/, WBAN / — FH K
KOIFIERGMIIBEINDE ZEAEZONS. 1 AHZD 10l » 5% 0
BEIIFB 100 Mo vy ) — R2EET 25605 5.
PEDESIZH DRI T THERDGINIZH S / — FIE LA 1575 S5 87
WBAN 23Rk o1 5.

1.1.4 kD~ 4 7 0OK®s WBAN

1.3 IZfERD~ 1 7 a iz 815 WBAN B THOMT 2717, D WBAN
¥ %k 1.3 £ b 400 MHz 47, 800 MHz +F, 900 MHz #, $& 1024 GHz HDO~ 1 71
BHEOHHZHEL TWAD., A 7B I ARIEIZN U THEENP 2 E L 2Wnizon|
Pz X 0 BEREDE D AA, ELOI—FETTFEIEL. E 1.4 12 400 MHz FI2H 1
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BT & W BRAME
. DAL 728, =D
SO Ayt RSk

WBAN P@{= f TETTHN R

#
¢
2

1.3: kO~ A V7 ORBEICHE T WBAN RBF5

0.50m 0.30m

1.4: EOVA 7 OKEICHBIFZANEDTOY X VS

B NMRZ & B AR ERT. AMEOFLAS 0.5m Mz o o EK L TL 2EELH
HZ2EERRIZ R T 10dB A EEET 2 EB2 KO TRLTVWS. M1.4 DXSIZA
RO 70w F 2 7N &2 RNREEE DS FHERPAMRIZE DHES T Wiz,
WBAN [ T#H2 @ D2 -V ETEKRT 2. Lz TREKED Y1 7 oy WBAN
Tl WBAN T2 %RLIT 5.

1.1.5 X Vg (60 GHz) mZ=FRUW7= WBAN

1.5 123 VERIZBIT S WBAN [BlFEgok+2m53. I VK (60 GHz) %
U7- WBAN 3 RERAKTOY XU 7DOREIZEL D 2 —PELEEEIZBEWT WBAN
M FikziEageEchdreEzon5. 1.6 1= 60 GHz iz B} 2 KIZ X B K



1.1 =

15

MBAN%¥£E&
DG =% % I AT BE
WBAN F;&15 ETRE)
- /@E?ﬁ"j{ g Ly

B1.5: I

U /EZW/EZ'FE‘L?)H’% WBAN Fﬁ:F/H:

>

Source

4
Body\

0.5 [m]

B1.6: IVEEICHS T IANEDOTOYEV Y

WERT. AMROFULD S 0.5m BN 7z 55 SR L T < 2 ERH HHZEMERIC AR
T 10dB B EEET 22K, 20dB ML ERET 2 HE2EVWKETRLTVS.
ZDEHIZ60GHz HwIZBITBAED Ty 2 72 & B R OEIEDYA  FHEIK
FIAKIZE D ES NPTV, —FH, WBAN Wi@fEIEAREX ED /) — NALDBEEFEDZO

EWEEAPMARRIZMD TE L, ATED WBAN @6 KERAEKT Oy F v 7O E%
275,



16 1% K
: >
BRI <ILFRy TERAN WBAN BT HERK
CREAAE Ly EEALERESS e JosleT e SRS I RBL
IRl (28 THE) HRERATRE L 735
(3% : TIRERIFIE,
4% (EHEE
DIRET)
HERIODT VTS HTERAODT VTS

1.7: I VEBRHICEITS WBAN BT

1.1.6 BH~ILFHy THAWE 60 GHz ¥ WBAN

AHXTIE, B 1.7 ORI EER ) — Re ik Uiz~ Fhy FE%k%475 60 GHz
# WBAN 229 5. —#%i2 WBAN Wl(5 DM I ARREISEELTED,
60 GHz =TI ERD~ A 7 B IZHRTEBENALEITR DX T V. — [ CEFEHR
2ED WBAN 7 ) 75— 3 VOERDO O IZITREDOSEEELLETH L. K
MXTIRET L RESVF Ry TlETIX, AR ED /) — NALOBEZERF ALY,
R — NEfifEe 5@ EE21TS. BE/ —FIRRIZFLTT VT FEEHRSZ
ENTELD, KK — Rk — FEOEMEEASNKEKE 2 5 B, AMAORE
EMZZZEDHETHS. LizB->T, —RT5LEHBE LD EENRIFEEIE
{RZREIVF Ry THEDIZD VEEELBENATREL 05, MBI R
BEThBHITIRITIZRIE ) — RRX SICHTA I I NS 720, K 0 Rl UILE W EilE
ZHERAIRETH 5.

1.2 S&17H%
60 GHz & WBAN BFHERETIL (2 F)

60 GHz #D KD T 1y > 2 [69] TlE WPAN 2#&ELTH 0, WBAN [T
G2 MRET 3 2 DIZ BB @ LD S D AMEDIEEEIC & 228> WBAN 2335 L
TW3A—YHEDOHE LR KT Oy U TOHMBEARERTHS. £7- 60 GHz
%7z WBAN [T @ U 72 EZ R [70] 1X, 2 DO WBAN 25 2m Ot
AR T 2582 MEL T I —PEEREZZEL TV, F 72 P EikiE @



1.3 AKX DHW 17

LEMEELTBY MED 7Oy v 3kbaTch 5.

60 GHz & ZRW/@fE 3&, 4 %)

WLAN (IEEE 802.11ad) [5] * High-rate WPAN (IEEE 802.15.3c) [6] TiZ A{AH
WD AP 12 &5 Bl UEIK COBEPRFINTVS. LELINSDY AT LK
EWEDOARLEENE U 7256, AP OBERAMEZHET LI UL TVWS. Thi
TRTCOER ) — FE2AEREICEE LTS WBAN TIIAFEETH 5. 72 60GHz
# & AW WBAN [T % 8% U 72 a#5E [70] Tk, WBAN WdEfE IZEEFHIC
BEERD ) — REHAWZRELUREZ2HEL T Y, ERELURBEIZOVWTIEEEL TV
72\, 60 GHz 471281 5 WBAN W5 DEMHEL [71) TIEREE (7 - v
B) ET VK BHE, BEIOERMAEE AMEERAWZE ZIToTW5, 7Y -V
JE TIVIZEED RN CIEEERK & K ERE TR > 72RETHE e 2R LT
5. FRNTEIZEA L 1 UOEMZ VT WL 25D 60GHz D7 > I 14 Y ANV RDJE
WS L OV DL DOIREEDZMICBE VT ERBEREZ2 R L TWaS. £ AK
ZRAWZERTE, SRS K CARICH U TRERRE & AKCERED 2 FEEE O fFik D
HEZITY, 2V -V TETINVERMFERNP LIS -HLTVWEI L ZHRLTV5.
ZZTXHR [T1] 1B WT, AMERICH U TEREMKED & SEHEKIE 3.18dB/cm TH
D, AMRIZH U TAERED & ML X 4.48dB/cm 2RO SNTE D, EHEEE
TIRBETIRIEFITREWVERIRELR L 25 2 L Z2/RLTW5.

1.3 A#wmXDER

KGR T, 22— VEELERE T GEBICBE R WBAN OEB 2 HIES. ek
DA 270FHLDEAMEDTOY F U IBRREV0GHz HE2EHATHZ 2 Ta—
BERNIZE T 5 WBAN fl FHOMEZ RS 2 L £ HI12, MROZED DLW EE
RIVFRY FIZEORKREDH S5 DB — NEALD@EE %L 9 5 @572 WBAN
DEBIMEZRT.

1.4 AXRERX DK

AEXIE 5 B TH 5.

B1EL FWThsb. TITlE, IoT OFETHS Massive Connect ToT KR IZ

B1F5 WBAN NOERZBN,, 2 —PEEEETH @EHIZEEEE7 WBAN ©
FHARDSNT VWD Z L&A 7.
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#
¢
2

B2ETIE, MIZEBBMEDOENS X FZENITHEDS WBAN B TFHBET V%
HL, I—VEEEREIZET 2 60 GHz 47 WBAN TSGR 2 3RS I 2L —
VavIZKOIHSNITT S.

EIETI, MOBEOHELZZITIZS VWREILVF Ry TOEMMEZRT 72D,
AT & B AT D R SED & DRk D 7 # b & W72 60 GHz 7 WBAN 1=k
KErEATS.

BEAET, REYNVF Ry TEAVT 60 GHz F WBAN O[RIFREEGHS & OEFE
HEOMIIZ K VIREV AT LAOEEEZFIEKY I 2V —Y a3 VIZX O FHET 5.

BHEIE, WMRTHD. KXDERIZONWTHEND,
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/'\-h—2=:-,;

Va1

I1—HYHRERREICE TS 60GHz &=
WBAN & 54514

ARE TR — PEEREIZ S5 WBAN M T & RE & LT, EMicES< 60 GHz
# WBAN B FBEFVEREL, 1T—FHEEBRBIZSE1 2 60 GHz 4 WBAN [
DI R A FHEEY I 2L -V a ViKW LT 5.

2.1 WBAN BFHEMICH 1T 2 AMEDBREDRE
2.1.1 WBAN BT S RERER

2.1 (2 WBAN [ FBfERE T V2 RT. D, AKigXTlk, H25RTD WBAN
I-VOWTHBRIZERTIEEIL, TO2—Y2#TFika—4 (2.1 f1® Rx user)
LI, FMTHI—VORAIZEIEL WBAN [ T#% 5% 5% WBAN 2—%%
HEFga—4 (2.1 40 Tx user) ZIER, #H T —40 WBAN / — K235
I—HD WBAN /J — R 5% 5 FHENCIE 3 EHEOBHBENEL 5. 1217
DZDRUZHED K HHZEMKRE Ly TH O, BERIIEMREHD 2 FIZIHIT 5. 5
DD2DFANKIZEBWETHSD. MRIZEDWBEDS S, Bl La—VIzks T
OYF 277 Laadow (T THIREHETEED ) — F2HIEE URE Eicfho 2 — 23 F1E
TRGAITHKET L. RICHIRoNEMIZ WBAN 2 —90HEL 25A, #T
Ba1—VBXLOEGETH LT OMOMERE EIZH O —YPFHET IHERIEL 2D,
ZDEWHE LA — T DOARIZ L 2WEOHENKRELRE. #/ 5T —-PFicks T
0¥ 27 Lpy, Lrg 1E WBAN J — R %2 AMRIZEE L TWA7-0FET 5. HlZIEH
T —H D WBAN / — ROBEIRIZEEINTWA S, HTHBI—FOEE» S H|
KT B FHBEHIWTHI-—THEOANMED 70y F U 7L IBED-DHEHTE S
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e

HIZH 1% 60 GHz 47 WBAN [H T84k

Interfered user Blocking user Interfering user
(Rx user) (Tx user)

B2.1: RRY%3IYKHE WBAN BFSHERET L.

Giandb. UlzhoT Lry, Lrx DEIE WBAN /- RFEZNEZEEL TS I—
YE L TFHEOERGMIZHKET 5.

60 GHz 4 WBAN [ FHE TV OMED 72, 60 GHz 281} 2 EMP KD K &
SERERZEI O RDS.

212 WBANBEFHEDY Y INT vy NEFHEHEREDES
D

A (2.1) W THA—F kL RAETHBI—F [ hoZIF3TFHBEIOY) VI T Ty

b &R

l k l k,l k,l k,l k,l
1%0 = pl) 4 @) 4 G — LD — L&D L e (2.1)

free shadow

2T IR T k AE T | 2521 5 FES [dBm), PY 134
F¥a—¥ | © WBAN / — FOX%IFE ) [dBm], Gy $#Fia—% k ® WBAN
J—RO7 7 FHE[dBI] BL O G EHEFHI—Y | ® WBAN /—FO7 VT
FHIE[dBi] ¢ 5. LY, LED LED sro LD o Tsa -k Bk
CLFHEI—Y | OBOHIMET 5. LD WlTFBa—Y Lk 5 05T —W |
ok oz v, LED X0 LD gEWOAkE WBAN / — FOAERBIRI
rEs s, 7 LTD CRWTFBI—H k BECLETHI—Y | ORICERE Lo —
PIHET B E S P CkE 5.

B 2.1 T HL—YF, SFBI—-¥EXCERE Loa—¥RzhTh 1 AT

DOAMREINTWED, ERIZFEFHI-—FOHIZBEDEFHI-—FE LT
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%= 2.1: IYKET WBAN Y RT LIRS A—%

RF frequency 60 GHz
Transmission power Pry 0 dBm

Tx antenna gain G% 0 dBi

Rx antenna gain ngz 0 dBi
Channel bandwidth 100 MHz
Noise power density —174 dBm/Hz
NF of receiver WBAN node 14 dB
Receiver sensitivity —80 dBm

G B —FREIEL T WS, $E o — e BT F L0 E5. Lk
NoT, HBETHELI—FIHT 2 FHEH A OFTRTD WBAN 2—F % 514
D-FrMEL, TOTBEHOLIEEEIBLERDS. R (2.2) CHTHI—¥
k D OFATO WBAN L— ¥4 521 2 FEBHO AL 7.

I® = 101og {Z <10~’““’”/10> } (2.2)
l

ZZTIW BHETFHELI—FE BEYD WBAN 2—¥ 2 6% 35 THENDOE
51 [dBm] T 5.

K21 CARTHRET 5 I VR WBAN O8F7 A —X%/RF. BAF, RETIEHER
DIFEALD =0, £ TO WBAN / — FOREENF—ETHEED [ 12BVT P =
0[dBm] &L, $RTOT ¥ FFHHMEED k, 1 eswThig G =6l =0[dBi] @
it 7 v S e IRET S, BT VT EBAE LIV A WBAN 128175
THEIOBRGIEISHOPETH 5. F/@EHHIELZ 100 MHz, %/ WBAN / —
F® NF (noise figure) % 14dB &k L, ZEEE%Z —80dBm &3 5. Z Dilf5H
BIIIEERHED T TV r—>av0-d0EEBEE2HEL TV,

213 #EY 2% WBAN EF%

B 2.2 IZAWX CTHEET 2 WBAN MT¥2Rd. B2.2 & THFHEI—FIckD
Ty Xy ERUTED, EXGTFHaL -, A3 TFHRL - ThHs. £7-K2.2
B IERE Ea—-PFIc&p 70y R0 ERLTEY, EroSTHa—Y, &k
ka—¥, #rBEa-—Y¥Thsd. T VsltETHa-—VFErhThot ¥
J—=ReNT ) —ROBEE2ERH, 2—VRTONT ) — NHELTOTHZEKT



22 HoE a—YEEREIIEIT5 60GHz i WBAN [T #45:

BFHaI-—HIcL? EfgEFa—YIck?
Zovxvo Zovxvo

.t*/#/—F . ‘ .

BIE: KERRK
(Elcx L TEE)

INT S —=F

F5: KFERE
1.1m

2.2: MET 2% WBAN ET%

T, MR, AETRIAKIC S S NEAT ) — Rtk 2 FBOREIEET 5. Tz
ERBI BT BELML LTAT ) — FREICRERETH D T35, 50
KD 7 MBI B B R KT B BT, BEERET S, AMkD T
Oy %y 73 MEN»SDOHE 1.1 m OREOAEZET 5. %72 WBAN MEEIZA
PRETF I L REREDIE S AMERL DTV ERRISNT NS [71] 720, ARLT
£ WBAN P3(E CIART N URE L 4 2 R ET 2. T74b5, Hiirs R
% ¥ WBAN Mi@E5 £ 00 WBAN B FHMIE T R TACHRE & 7 5.

2.1.4 WBAN RBFSHED = DFHEBREEDRME

X (21) BLUEKR2.1 L0, AHEMBES L TAMEIZ L2 EREROAFH 80dB LA
bt ETHENIZEREUT RS, BVES 220 WBAN 2—HFRO#H
MDOR/MEZ 0.5m LIREL, AT, EiE Lo —FoE#KTEHE7 1 LT WBAN
BT HBEOBEDORIE2ERS.
case (i)

(EHREE Lo — P REET 2AROWTH L — Ve EFHBa—FDEETIE, AHH
ZEMIEEE Livee B & OMRIZ K BIEE Lry, Lrx, Lshadow 29 NTHREY D02
NHbd. HTHa—FeLhFgka—Yoa—VriEfX ZoMOEME La—
Y offErZNZN 0.5m L ETHS720, BuMEIX 1.0m THH, ZD& &
D HHERIRENR 68dB TH 5. LEM->THFHEI—Y, EFB1—¥E
FOEHE L2 —HF DO AR K BT Lry, Lrx, Lehadow D327 < EH 12dB
UEoeE, FHENIZERELTERS.
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F2.2: AEHD/INSX—% (E8267C PSG) (2 &)

Output power | 23 dBm
Frequency 60 GHz

* 2.3: AIEHRD/XZ X —% (FSU spectrum analyzer) (2 )

Center frequency | 60 GHz
Span 5 kHz
RBW 500 Hz

Reference power | 0 dBm

case (ii)
(RIS Lo —FEER T, HHRZEMBE Ly ([CMARTHEI-FELUET
B —FDMNRIZK DI Lrx, Lrx DAHZEZEZDGETIE, T —YHEHOR
/IME 0.5m D& EDHMERBEIKN 62dB TH5720, #HTFHE1—FELO
5B —FOANRIZ X 2E Lry, L1 272K 2% 18dB L ED L &, F
BRENIZEREN &2 5.

BREWTFHL—FELTEFHL—YFD WBAN / — RN L2 LIRET ARIZ
£ B Lrx, Ly, Lohadow PVEU S, HHZERBEE Lyee DAEL 554, 60 GHz
IZBEWT 3m BN E O EHZEREE Lyee BWELZ 80dB THE7-0m<Ldb
3m Bl E#EiN 7z WBAN 226 O FHE N IXZERBELUT 25,

2.1.5 JAIERIR

AT 129X T 60 GHz QLGB (CW) 2HWTITS. 60GHz CW DAERKITIX
Keysight Technologies E8267C PSG & & U SI5MS-AG 25, Z{EEHDOHIE
21X Rohde & Schwarz FSU spectrum analyzer # i\ 5. Tx 8L P Rx 7V 77
XELSET VT FT A UA 22,5 dBi @ Quinstar QWH-VPRR0O0 DOFE#E R — > 7
YTFFrERAWE. Rx 7 VT HICIEAE-ERERED 7D Keysight Technologies
V281A waveguide to 1.85mm (f) 7 X 7 X ZH 0 1372, HIEKSHROBREME K 2.2
BrUv&23 1D 5.

B 2.3 ICHIEREDOEEE/RT. TRTOMEIXERREETITS. BIRMEED
BIUMREER 2.4, R2.5, R2.6 BLUKR2.7TICEL b, HENZEDOANEDF R
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2.3: AERERE

x2.4: BREEDOTE (B BITE, &%)

Length | 8.8 m
Depth | 54 m
Height | 2.5 m

FH 1.7m, 18R 0.5m BLXUEIHN 0.2m TH5.

216 [EIFEEXETIV

FERFER & DR D 7= DA T 2 RIFHEE T IVITOWTHAT 2. AFHGCld ) A
Ty VETABIOESRRINEETIV [12] 2HT 5. R 2.8 (5 EFHHT 58
TA—RDHETLEIE LD S.



2.1 WBAN [Tz 8 1 2 AMEOEERDHIE 25
% 2.5: BRI MERE
Frequency | Reflection gain
100 MHz < -5dB
1 GHz < —45dB
10 GHz < —-55dB
100 GHz < —-55dB
% 2.6: ¥—)L NEgE ({L#kfE)
Frequency Shield attenuation
300 MHz — 10 GHz 90 dB
10 GHz — 40 GHz 70 dB
40 GHz — 100 GHz 50 dB
R2.7: EBEBEORAEAHFEYE (BRZEEEERE, /71Ty N/ —VER:¢1.0m B/

BIZEEERE : 3.0, 5.0, 7.0m)

Frequency 3m 5 m 7 m

300 MHz <-20dB | <-15dB | <-10dB
500 MHz <-25dB | <£-20dB | £-15dB
800 MHz <-30dB | <-25dB | <-20dB
1 GHz <-35dB | <£-30dB | <-25dB
2 GHz <—-40dB | £-35dB | < -30dB
3 GHz <—-45dB | £-45dB | £ -35dB
5 GHz <-50dB | < -45dB | < -40dB
10 GHz <-50dB | <-50dB | < —-45dB
40 GHz <-50dB | £-50dB | £ —-45dB
100 GHz <-50dB | < -50dB | < —-45dB

T4 7Ty YETIV (Knife-edge model)
FTA 7Ty VETIVFEIDEETE 2YRIC L BN 2R ULZETLTH
3. & (2.3)(24) IKF 1 7Ty VEFALERT [T2.
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R2.8: EIFBEKETILDNRTA—FHETT

RO W [m] 0.5
kDL X D [m] 0.2
JARDHIF 2 R [m] 0.1
7 7 R L [m] 1
MEE Rx 7 7 7 & Dt « [m] 0.5
MMAEE LoS #k & D y [m] 0.0-0.3

Te() :6.9+2010g{\/(1/—0.1)2+1+1/—O.1} (2.3)

n=nf2(%+3) 24

ZIZT J() BFA 7Ty DTk BEEE, hiZF A 7Ty VOES [m], di, dy
FENETNT Y Ve Rx T VYT HELT Tx 77+ L O [m], \IEEE [m] TH
5. NI A=Zh, di, dy BENTOR (2.5)(2.7) D& S ITFHAEEIN 5.

h=y—025 (2.5)

= (1) 29
dy = \/(L—x)2+ @—%)2 (2.7)

7B 5 M RIUTEE T )L (Smooth mountain model)
o DRIITEE TV ET R OMENIREHOLGEIZELZET LV THS. X (2.8) (2
5 IS & B EHEAE 7L E RS [72).

Loss = Jy(vm) + T(p) + Q(2) (2.8)



2.1 WBAN MFBEMIZE T 2 MEDOJE=EEDHIE 27

X (2.8) BT BELE 1 Jo (vmkm) 1E3X (2.9)-(2.10) TEX 5N 3.

Ju(V) = 6.9 + 20 1og {\/(um 012414 v — 0.1} (2.9)

um:2sin(¢/2)\/2(d1+R'¢/A2?Si2+R'¢/2) (2.10)

ZZTdy, dy BENFNIY VL Rx 7 VFFBE0 Tx 7V FF L Ol [m], ¢ 1%
[E 7 RT & EFEONADRT A, RIZEHFRICEITEMEOMEERETHS. R ITHAK
EMREEL 0.l m & Uiz, N5 A—K dy, doy ¢ 1ZZNZTNR (2.11)(2.13) D &

JITEREI NS,
D 2

dy = \/(L — )’ + (y ~ 2)2 (2.12)

6 = tan™! <y_$_D/2> + tan~! (yL_—_Df) (2.13)

X (2.8) 0B BAELE 2 H T(p) Eak (2.14) THA SIS,

T(p) =7.2p — 2p* +3.6p° — 0.8p" (2.14)
ZZT,
dy +dy 5/ A
2 1 2 3
— R 2.15
p d1d2 TR ( )
Th5.

X (2.8) IZBITBHUHE 3H Q(a) 1FRX (2.16) THZALHNS.

T(p)a/p (—p<a<0)
Q(a) = { 12.5a (0<a<4) (2.16)
17a — 6 —20loga (4 < a)
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(y
(y

™R T
a= T¢ = \/;I/p (2.17)

Thbd. 12720 (217) DT ¢ K 1 D& EHALT 5.

217 AIEEDT—40LE

B 2.4 IZHEMT VT FOAEEEEIZLGEDERE Foa—FoT7ay X070
HERZRT. FROBHEZ EDLSALZAMETHY, EHIZENENHEHADRZE, &*
BT T FHHsd. AHEZIFEITRY — A (§ 10°) ZHEHT 7+ &2 H\iz.
ZD7H 1 EORETIIE 2.4 I[ZRTEIICEFAFKEL 5 5T RTOHIPHZ H/N—
TEY, B EELEEZLZAME-TLES. 2.5 CHIEAT YT FOMEEAEIZL
A DIERE La—Fo7uy X v 7OllEREZRT. KETOHEIXZTANTH 2.5
RS EKDITHIERT VT DO —AEIZEDETT VT FOMEZIEEFICKRD, TD
TRTCOEZI B 2ZEENEZWE L. MEINZZEENEZERMNEL, TOMH
EHWS Z & CEREMICETEREIL HN=U, &0 EMEREEKEZRD S, 7277
UET VT FABIZE I AMMEERIZAE L TWinEd, ERNEITERETr—A2 L
TIRTCEAMNMHTH M2 Uiz, TV T FAHAEZRDEIXE 10 7LVRLY =V
BAN—FTBHLIAETLLT.
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Body
-width: 0.5 m
-thin: 0.2 m

Rx antenna Tx antenna

“"3dB £ — LiE
(¥910° )

5 S B 7k [B] T R AR
| (ZTRy*rranT
LW T R TOREE)

[E] 47 RS,
(% 3 cm)

M24: AIEA7 YT TOAEABEEICLEZGEOERE LI —Y 070y F >V JORIER

Body
- width: 0.5 m
-thin: 0.2m

Tx antenna

" ﬁ’;ﬁ&ffﬁﬁé
astmhE { | 7 10 TRS

BE

X 2.5: AIEA7 VT TOAEAAIZICLABEOGEHRE LI—F0 70y ¥ VORIERE
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218 fE#Eti—4vo7Oovxry

® 2.6 (&M L —FO T 0y ¥V OREREERT. ZET VT 5O
% o, BRET VTS EREREE LR AKOIL R ONME y ¥ T 5. AMKDTELE
TG AEDREHE L AMRERWGEDZEREDEDZ LD, AMRIZ X SHH=EZ
fifig 5.

2.7 (CERE L2 —FOTmy U OWEMRE RS, Bl y m, A
WIZKBHETHS. Tuy b ERFER, iifREF1 7Ty VETLVTHS. FEH
SHRBF A 7Ty VEFVICEBOA B, 60CGHz #ICH ) 2 ERK E1—F D7
0y ¥ JHERIIEHHEIPELRERTH L Z enbhb.

219 #®/5F$H1—vFEH5DOTOVvFUT

& 2.8 IZ#,/ G FEa—VForTuy X 7OUEEREZ /RS . AR ER R HE
MECZET VT F2HEEL, AMRERBATKMMNSRET S, EZETVTFFEA
DT A% 0 &5, NMEPFIET DL5EDZEEE L MEZ IRV 256 D Z{F58
EDESZELD, ML 2EEZIHMET 5.

M 2.9 128/ GEFEa—Forsay R SOREREEZ RS, Mil% 0 deg, Mt
FEAMKIZE2RETH S, Ty FABEIFER, igEFA 7Ty YVETALTH S.
FHFERITFA 7y VETMZEBGHR L, 60 CHz #IZB 154 G T ika—
Yo7 uy X JHEEKIEFBEPERERNTH DI Lbhr 5.
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Body
- width: 0.5 m
-thin: 0.2m

Rx antenna Tx antenna

L=1m

2.6: R E1—HOI7Oy XY IORIEEE

70
* Knife-edge 60 GHz
601 * Smooth mountain 60 GHz
* Measurement
m 50 r
O,
_5 40 1
§ 30
..GC_.J ® ™
<20
10 1
0 ' ' ' ' ' N
0 0.05 0.1 0.15 0.2 0.25 0.3

y [m]

2.7 Gk L1 —F D070y F U TORIERER
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d,
Rx antenna ‘-PJ Tx antenna
L=3m >|
nterfered user
2.8: ® /" S5FH1—HoJ7Ovx v IOREERE
70 r
* Knife-edge 60 GHz
60 r * Smooth mountain 60 GHz
* Measurement
E 50 1 . L .
O,
§40|
g
= 30t
Q
<20t
10 0 ™
0 L L | .\ L ]
0 20 40 60 80
¢ [deg]

2.9: B 5FH1—F0T70vFIDAERER
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2.2 FERENCEDC T YK®H WBAN EFSHETIL

DB, ARZTIEAMROREREDS T OB S & CEHE o —F oM@z
LRAIETHEZL%2ERL, & 2.1.4 8 THRARZFMITH UMK L BE Lry, Ly,
Lhadow % ZTNTIVEBNZE 2 5.

B 2.10 (ZEJFEFIZHE D < 60 GHz # WBAN M THSBETIVERT. &K, HBXO
JKEDIFEE B2 S A7 T —Y, GFPI—PE XOERE Lo —TFoAKE Z
NENRLTWVWE., &% WBAN 2—HFiFZh T 129D WBAN /—K2EEL T
BH, 210 iIZBVWTHRKETRLUTWS. IRD 3 D2DFKM%2TRCHiZIRWEGEEIC
Z® WBAN F L3 F#H T2 L EHT 5.

&M (1) WBAN RigHs

HWwo WBAN [HOE#EE D n—EM BN T W 554, WBAN B F#HEIX
FZEBEDLT RS, Z0r & 0 WBAN MM U & WE Drhreshold & U,
ZDOUEWMEM LB WBAN 22— 5D TFHIIEHTE 2 0DL 9 5.
2.10 (a) Z21& WBAN [ D 75U EWME Drnreshola & 0 K E W72 F i
ElcEzvDe L, K2.10(a) Al WBAN [HEE#E D 25U 2 \WME Drnreshold
FONI WD TFEHENFEET S, B 2.1.48 ThREZ@EY, WBAN /—FK
DZEKEHN —80dBm TH Y, 60GHz IZBWTZEEE —80dBm & 745 H
HZEMBEITISLZ 3m TH5S. 727208 —0O WBAN 226D TFHENIPZE
BELLTN 2256 TH, X (22) TRUZEBLEED WBAN 26 D&GT
WENDZEREL LRZWEELH 5. KFMTIIEREHOMEELZEEL,
WBAN [H# U & WME Drnreshold XY —Y Y Z2H0 4m £ 9%, Drnreshold
PAEDREEE 705 WBAN [E L& T L7,

£ (2) W/ 5ETHa-—FoTayxr s
WBAN / — Rl WBAN 2 —HIZEEINTWE 720, HTHa—¥BL05
FHa—Vicksa AMEkOoToy F U 70 ¥AET 5. 8F2.1.48 THEXRAED,
WBAN / — F256AT WBAN 2—% /A 120° 225 23k 5 FHET X ALK
DT YF UL ZERIEAT L5720, #HTHEI-VFDEE 120° 56
DTFHIIMECTELZ2E0LT 5. K2.10(b) £x G T - Tk —V
DS 120° IZFET B - FHIERGETE 0L L, 2.10 (b) A3 5T
A—YRE T B IV ORI HIFET 22O TEIRET S, 5T
R U T HFARDERRE L 25728, GFBa—VF oK 1200 NEFHzE 5
ZEVWbD LTS, B2.10 () BRIETFHEI—FREFHEI-F DR 120° 12
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AT 27O THIIEEHTE 250 L, B2.10 (c) GlI3E T — G Fi
A=Y O HIZIFHET 272D TFHEVHET 5.

£ 3) B Ea—YoTuyxr s

WTFHI—Y L 5TV OEBRKOMIZH O - WEIET 2546, TDI
W Ea—Hic ks AMEOT oy U0 FEETS. F2.14BTHERZED,
MEZ 0.4m BOMMELREL, TOMEIHFHRL - B L5 FHa Y%
fiS LoS Mz > 7256, TOL5FHI—Frs50FHRIIBELETE DL T
5. ©210(d) AEGTFHI—PF LB —%D LoS %5 A Lo —
PAMEAET 2720 THIRMEATES 0L L, B2.10 (d) £RGTHI—¥F L
TH =D LoS FAES NTWARWZD TEHRFET 5.

23 A—HYBERKICE TS WBAN BT HRMHE

AHITIIE2.2ATRELAZET VIR, HEEY I 2L —Yaiziha—¥1
ANH-0 DOF R ZIET 5. gD, {kFEL LTI 7 aisE WBAN %
HEUAEOHBED R WL Y YETI (B 2.28 (1) DALRE) Z23MT 5.

4

231 YIal—YaviRiE

B 211 2¥3Iab—YavETIERT. 10 x 10m? OFMTY 72 n (1 <
n < 200) A® WBAN 2—H%% —HHAIE 5. % WBAN 2—HiZznth 1 20
WBAN / —RZ2EELTED, ZOAMEERITI LI VA LIIERET S, 21—V
FeHE RIS D BE U\ L — PIIA R A D I D 2 — P RIFET DHERIINS {72 B
728, TOHERITL-H20x20m? DY Ialb—raryI)7EHREL, TOH
DMZFEHTZ Y 7 ANE» N, i) TOMIOY I ab—ra v ) TICHFET Y 7
LA UEET WBAN 2—%%2 oS ¥ 5. 2—VEE n[A/100m?] 16T 55
flicy 7D WBAN 2 —HdH7- 0 OFEETFHREEHE L WBAN 2—HH7= 0 DF
WRORM A (cumulative distribution function: CDF) % 2Hiid 5.

ARFMIZBNT, B 2.28 TRUZEME (a) DAEZZERLEZL Y IYET IV EDIIER
2175, LYVETNVIIREKRD Y 1 7 uEi WBAN O THEREICHY T 5. f/tko
<A 7aEE W WBAN T, WBAN R FBIZ AR X 2 EDOFEIN
W7z, ThEind WBAN FFE#EA WBAN B TN TA2EHEERNT A =X TH
5. —FH IV E WBAN Tik, WBAN [MEEEEZ I X TARDIRE I X 5 T35 0 R
2 WBAN [ FHICH T 2MEHIEWTEHEETH 5.
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35

D > Dnreshold D< DThreshold
T : 1 —Lt—
i WBAN node ; ! WBAN node !

Interfering user Interfering user
Interfered user Interfered user
Not-interfered Interfered

(a) Distance

/'
Blocking area %WBAN node Blocking areaé/'*. WBAN node
—

Interfering user

— Interfering user
/ H
Interfered user —— Interfered user 2

Not-interfered Interfered

(b) Direction of the interfered user

/..." S .,
— —

Blocking area /&/.KWBAN node Blocking areaé/'". WBAN node
—

Interfered user
Interfering user———

. " Interfered user
Interfering user———

Not-interfered Interfered

(c) Direction of the interfering user
Blocking user

Blocking user
¢ 0.5 m|
WBAN node . ‘ WBAN node ’

Interfering user Interfering user
Interfered user Interfered user

Not-interfered Interfered

(d) The user between interfered and interfering users

2.10: 4 D 60 GHz % WBAN BFSHEFIL
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20m
)
f \
o
°® %, ¢ o .'. s
¢ ® 10m o o °®
e ® 0 °® A !
| ]..‘ o
([o® _ ® T a2
'.I ®ee o, e %y
® e o
9 e @ e @
@ ®e¢® o, o 0
e| @ @
E = ® g & ®
O 1 |le 77| ®.® ®¢ 0% o
® g®
®e%| [e® o %o 00| 0%
® "o | e ®e o 2 ®%les
'l.l_ o0 9 "a% @ e %o
oo ° % Evaluationarea o ®
L gl
WBAN users ® o "% ¢
(distributed uniformly) o o ¢ ©®

Simulation area

2.11: ¥IalL—2avEFIL

IRERFHETIZRE PR ED S DA KD EIZREL TWRW., 282 TO
WBAN / — RiFRIZESEINTWE Z L 2ELT VS,

K29 TEHEKYIaV—Yaviine s, B214IF TRRAMED
Ditreshold 2 3m & L TW5., F-ARFEMTIEIZ -V EEDZ D 100 [\ DT

S =

2119,
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R2.9: fAEHIaL—YavET

User density n 1-200 users/100 m?
Dinreshold 4m
Simulation area 20 x 20m?
Evaluation area 10 x 10 m?
The number of trial times 100

)

232 YIal—YavigR

2.12 IZIRET 2 IV iKE WBAN MIFHBETNVICBIT 22 —VEE n = 50
[A/100m?| D EDYIalb—vaviERzexRdT. HM, KRz Th WBAN
I-Y¥EB LY WBAN /= RFRZ2RLTWA. HMTHIENTWS WBAN (X 5 2.2 £
TRz 3 DDEMZTRTHZU, AVWHAAEWE THRE UTRATWAERTZRL
TWa. 2.12 [FFHliT Y TNZKR L TWA D, FHiimV 74D WBAN —H%
FHT ) 74D WBAN 2 —HEHEHEWITFHREE L TRATWS I EWHERATE S,

213 122—H 1 AHZYDFEHTFHBREEDY I 2L —ya VREREZRT. Bl
—YEE n uses/100 m?, ML —H 1 A0 OFEHTHREETHS. koL
VIUETNIFI—PEE QAN W TFEBREEMNIZIETE ML TWS. 2L
BET S I H WBAN B FHE TV CRTFHREBOBEIMAK 7 RICIRT 52 &
DHERTE D, ZHIEE 2.2 BITHRRZZAM: (¢) THh DM LD —F DR EMERD
A—YEEOREINZENE L 2572dTH 5.

2.14 IZHRKDL Y VETFIVIZEIT S WBAN 2—%dH72 0 O FHFEHO CDF %
AT PBNET—HEE n[A/100m?] TH 5. FHTHEREEB LTV EE n 126 L
TR NS %72, CDF $ 2—¥EE n I LHLET 5.

2.15 IZ4RED IV WBAN €EFVI2H17 %5 WBAN 2—H%5H7- 0 O FE
D CDF 259, M#lIEa—EE n[A/100m?] TH5. FETHREOMIE L
BRIZ, n> 100 ODEEEI—VEEIZCBWT CDF 2 —¥HEEIZL S THRAEL VWY
s,

k&b, kD~ 27 ais WBAN Tl — 9 EE ORI W T REDEIE
WIS A DI, IV WBAN TR —VBEERHEML T FRELH 5 —
EMEIIZIRT 2 Z 255, I VHEHE WBAN 22— BEEEIZE W T IflIIzgh 3=
WTHDHZEHRINT.

]



38 F2E I—YEERBEIZEIT5 60GHz & WBAN [8 M

AE
Er

B
A

2.12: /RT3 I Y HEE WBAN BFSEFNICSIFZI—FEE n =50 [A/100 m?]
DEEOFTHREDYI 2L —Ya VER.
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~1
=

-& Range model s

——mmWave WBAN model ”

M
=
5

The average number of
interference users per user
- (%) Y U
i [ L i

L
.
"'l..
w
LY
L1
LY

=t
o
T
AT
1

50 100 150 200
User density n (users/100 1112)

2.13: 1—H 1 ADHLYDOFHFHBH (VIa2L—aviER)

o
=
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“‘-‘-l""
“““‘
.
0“
,0" n=10
*
& mee =20
m ”.0. EmEEm n=50
Q .0” ----- n= 100
* 03
@) = pn =200r
’I
7
¢‘,
"
"'
/"',
r"‘
"”‘
10 15 20

The number of interference users per user

2.14: REEDL VI ETILO WBAN 21—H% 1 AHLYDFHEHD CDF O Ial—
g VIR,
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[
A
O — n=10
---n=20
..... n=>50
----- n =100
— 1 =200
10 15 20

The number of interference users per user

2.15: LD I EHE WBAN GHETILO WBAN 1—H 1 AHYDOFSHEHD
CDF D 3Ial— 3 ViR,
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24 F&OH

ARETIEI—PEEREICE 15 WBAN T8 e LT, ElizEo5< 60 GHz
# WBAN Ml THE TV EREL, 2 —VPELERIRIZE )% 60 GHz & WBAN [T
OHIFIZNR A2 EMKY I 2L —Y a Iz X DL 7=,

WBAN M THEHOREERNTH 2 AMEO Ty ¥ v 7R % 60 GHz & TilllE
U, FHEOKRE EICEET M0 2= 0 AMKIZ & 0 FElNERR X h 50T 5
0.4m TH5Z L, BIOMREmIZEET S WBAN J — NI L ZD#£G 120° B
FOMEDNSFKT B FHRIETDO MR L DRSNS Z 2R UTE.

HEREREZET MU EKY 32— 3 12k, WBAN O — PB4
ZBITE 1 Ab-0 O TFEREEZEL, kD<A 7 ujs WBAN TlEa— K&
DIEINZHE N T IEHH A 28N 2 — 4, IV EE WBAN TlE2—9EERHE <
7o THEETWRHEA 7 JRITPRT 2 Z L 2H ST U7,

MELY, 8#%E9 2 IV EHE WBAN 232 —HEEERE NIZBE W T WBAN [T
<, kD1 7ok WBAN IR TEEEZDEENTRETH S I L 2R U,
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/'\-h—3=:-,;

BOR

BETIVFERY TH60 GHz &
WBAN R ER =T DEE

AE T3 60 GHz #F WBAN NEEEREIZB I 2 MEDO K EREELZHREE L, MK
DIWREDHEEZITIZ WRESYIVF Ry TBEOEMMEERT 20, AFEIC L 545
TR P h> & DARHREFME D %L 2 W7z 60 GHz & WBAN WE#kEER 217\, &
T IVF Ry TR DORERZ ST 5.

3.1 AR ERWISTROGHFED DA
311 BMBREICS B ERIEEOZL

B 3.1 (IR~ NVF Ry TlEDOHTIRIZE T 2 EMFEOE(LOMRT 2 RT. #&
TR RRE S IV F Ry TEEDERE VLT T 2 RRNLFNERETHS. K3.11
RTEDIL, HITO1IH A I7IVAICEVTHREL ) — N KRR ED ) — ROMALERM
ROEIZEET D, —H, FERICEOWTWAIREETO IV P © Ot 72 1I7E 3% L
W2 ens, BITROZRBANRZ -V 20 L, WRIKNZLZBZHMELNEEZITS. ZD
721z, IV PR & FRRIZEENE D 5R < FEEIZENN T W 2 REE T 5 i il 2 JIE 23 7T 5E
AR FWT IV EEOSTIRO RS ) — N0 6 OEEREZ 5L, FERNCBE
IRNEDLEBZRET B,

3.1.2 AIERIR

B 3.2 ICHIEEREE 2R S, AHETIEREH 5 DIRERIZH T B MKERE 2 RELT 5
728, PIEXNLEDNMEDHE RTINS NG & DYEHMEAR 2 I8 S ik %
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BRZE(L (517)

3.1: BETIFHRyYy TBEODHTHEHICE ITIEHRFLEDEL

BIERT 5. HFEOE—LPERERS T LT EARIZANT TEELTWS. 7
DY — AMFIAEREIZN U THRIRL, BE»SDREUPIMN T WD EGE I ISR
Moxhd, ZOREBTHRENREDSITL, HEPES IIAK L OHEZ BT
w4 5. BEGIT 1 MH70 30 a< (30fps) THRE L, KRHEROFIRIZIT 3 H DK
P ONWIEE W, B 3.3 IZARBICNO NI s RO BEEZ /RS, ST
LY R THRBHROMFRNEIZIO M 5hTnD.
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Video logging Human

walking

Lighting
the body

3.2: AIERE (AHRN%EBWHITROGCIREED D)

!
Flashlight

3.3: BRIV TR
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3.1.3 RERR

B 3.4 (AR & BHITREOEHED SO KBRS R 2 RS, SR, AR
PHTOROWIZE S ~EHRPHTLKB2ETZ 1Y A7V EEHRT . 1127 FEY
0.80%) (24.0 a<) THY, 1 ¥ 1270V % 100% & Lize EDOZIREORMERZHET
5. FHDRIGEZ%EE UGS, RO 3 FEEOEREEDREIZHE NS

Front-toe
3.4 (&) IT Front-toe JREDHER 279, T Z T Front-toe REEIX, JEIHD
DN REEHRE X EEGLEA TSI I N TV A REBEER L. AN
Front-toe A& & 72 5 KfHIE 1T 0.209F (6.33 2~7) TH Y, KHEKIX 26% T
H5.

Center-toe
3.4 () T Center-toe REDHKHR 279 . T I T Center-toe JREIL, S
DOV RERBE L ORFEDO DWW RO E CREINTWARELEEHL
7z. Fi@N Center-toe JREE X 72 B HFIZ S 0.340F (10323 ~) TH b, K
R 1% 43% TH 5.

Back-toe
3.4 () T Back-toe RED#ER 279, T Z T Back-toe IREEIE, JeiHDD
WD TNE TR INTVWAREBLEERZ L. 724142 Back-toe JREEE
72 BWEENE YT 0.242F (73323 ~) ThHb, KERIEZ 3% TH 5.

314 MEZZERLLERXROER

3.5 ICMEZZ R U ZRHEEOK T2 /RT. & Front-toe, HH Center-toe D
W% RS, HHDREMEMREDE W Back-toe D4, 5 F HMEREED B
Front-toe 8 & UF Center-toe ¥ 75, L7z >TEH 50— DR WMEREMED LT
VU —9 554, TORMEIX Front-toe 52%, Center-toe 48%, ¥ & UF Back-toe 0%
ks,
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47

Front-toe 26% Center-toe 43% Back-toe 31%

3.4: AEHR (ARKICEL B2HTRHOLIREEDSER)
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B3E REYNVTF Ry TH 60 GHz #F WBAN NERAZHKOHIE

=
15)
fr

_— W nhHho
& THk

—
R R PR R

FRETR R RETR R Time

3.5: BEVNIF Ry TREDKEER
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% 3.1: AEHD/NZX—% (E8267C PSG) (3 &)

Output power | 23 dBm
Frequency 60 GHz

% 3.2: AIEHRD/XZ X —% (FSU spectrum analyzer) (3 )

Center frequency | 60 GHz
Span 5 kHz
RBW 500 Hz

Reference power 0 dBm

32 60 GHz #AHWERE~YIVF Ky T EBERGIHEEER
3.2.1 AIERE

AGHEIE SN T 60 GHz OEZFEE (CW) ZHWTIT5. 60 GHz CW OAERIZIX
Keysight Technologies E8267C PSG & & U} SI5MS-AG 25, Z{FEHOHIE
1IZ1% Rohde & Schwarz FSU spectrum analyzer #f\W5. Tx 8L Rx 7V 77
XELES5ET VT A UM 22,5 dBi @ Quinstar QWH-VPRRO0 OFE#EFR — > 7
YIFFrERWE. Rx 7 VT HICIE SR E D 72 D Keysight Technologies
V281A waveguide to 1.85mm (f) 7 X 7 X ZH D £FiF 7z, JIENRD AED FEIFH
1.7m, EH 0.5m BLPEIHN 0.2m TH5.

HEHAROREMEZ R3.1 BLVP K32 1TFLD5.

322 ERERME

3.6 IZEZERMEZRT. EERTITXNTHRELT, HRDALE% Front-toe,
Center-toe & U Back-toe ® 3 XX =¥ U7z, ZEMIT A BoEm (N7 —
Rz2ME), B: ol (N7 —Rz28E), C: i (BE/ —N28E), D: 8
DL, E: AMEEE (HMD 2 28%) & L7z, 28 D: BOLEHIZ WBAN TD
A—A7 —2ZDMEIFRL, BoEfEe UTHIEL 7-.
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Front Right side
®:
D
Rx C
analyzer
B
. B — A
CW 5% A
Tx | SG
3.6: AIEE®RE (60 GHz %AW/ {EIlREER)
323 FEHAKRBRRDETHE
A (3.1) K AKRIZ L 2 EHEEDFHENZRT
Lbody = PLOS - Pmeas (31)

ZZT Pros X E37TITRTEIICAREZRELBRWGEDZEES], Pues & 3.8
RT LD ICAKRERE L - GEOTFHRZERENTHS. X (3.1) Icky, WET VT
FRE, BHEZHEBES KOCZOMORERDOELLEZEKLTED, AMROKEED
Az L TWVW5



3.2 60 GHz 2\ 7z @~ IV F Ry F@(EHcilEER

Without body

ZEEBAE D
Ry Spectrum
analyzer

CW 4Rk B
Ix | SG

3.7: AMRZEELRWGE

On-body

XIEBIAE

{5

Rx Spectrum
analyzer

6 .

/

D77LYR)

3.8: AMF%ZECELLIZE
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3.2.4 AIEHER

3.9 [T K B FITH D Wz 60 GHz % W 7B SEBR DI ERE R %2 R 9.
L2 A5 M DOALE, MEENEIAADHBIZ L2 REETH S, EE MO E XA L ILE
ETHY, H, & EHIZZNZN Front-toe, Center-toe, ¥ & U Back-toe DFEHRTH
5. Z A OFERIT Front-toe TAKIZ X B2JEED 6dB LR, Center-toe, XV
Back-toe DIRFEIZEWTH 10dB~15dB & BEENL LK DRV, —F, ZfEH B
TIXZEM A LRUH EEIZE 250 53 Front-toe, Center-toe, ¥ & U Back-toe
DT NTOREBIZEWTAKIZ L 2IHEED 20dB Fifk & MR E <o T3,
CNIEZERADPMEOIEIZAET S DIZN L, ZEM B IZMAOMHIZALES %70
TH5. ZEM CIHMKDIEREIZH 5728 Front-toe (ZHWT 6dB LAF & BEEI/NZ
<, Center-toe TIHIBEEMNB L% 21dB &7 >TW5. Back-toe TIZ5EaIZHEL
NESNT WA BEED 40012 L KE V. Z{E4 D IX Front-toe, Center-toe,
B £ U Back-toe DFTRTORBIZEVWTERBELPESNT NS 720 EDRETH I
HEN 36dB LA EEREWV. ZEAE JEREHIXREE RV, B L RIRIZEBS
LT TEHEINE 116 TRERZEERNLSDT VT FERH 5728, Front-toe B &
O Center-toe IZBWTIHERD 6dB A F&/NX <, Back-toe IREETHEERIZB &
%z 23dB TH 5.

EXYD, ROIEHIZH S / — NiX Front-toe DA AMEDHENMZITHEHATE,
HOMEIZH B / — KB LU Center-toe DIFEHIZ A L 2BEEIIBLZ 20dB &
725, 728 Back-toe YREBIZRET IV F Ry TEETIXEFEH VR WZDOERE LR,
R EDEFEE OO AMEDEIZ L BERED 3.18dB/cm [71] THBH I L 2F X
Y, REXNVFERY TIZED MEDREIT/NI V.
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Larger than 70 dB (under the noise
floor of measurement system)

m 70 . . o
o Receiver location
'—'>’ 601 Front  Rightside
E

T 9. O
-3 20r
C
O 40r
T
2 30+
£ 20 ]
©
-§‘ 10f

LoS
m 0 |

A B C D E

Receiver location

3.9: 60 GHz #HWERBESILF Ry TEERAGCHERER
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33 F&&b

ARETIE 60 GHz #F WBAN WEE@EFIZB T2 MO K ERBEZ2HEE U, ?x%'%
TAENMRDBHEDOHELZZIFIZ WREESILVF Ry TOAMEZ R T 70, AH¥%IC
éﬁﬁ%@ﬂ%#a@&%%@@ﬁﬁm%%mt&Mﬁ&mWBANWh%%ﬁ%ﬁ

, RESNVF Ry TEBEOBERZHE L 7.

HAEA R BTEMEORHPIZ I VRECOMELHE L W2 Lo, XU DITHEHSITL
JEEAWEZHEZIT> 72, 2 X D BTRHITIZ R e SRR £ T ORIRREDS 3 flidd
DRFEBIZHFHIND Z %2R L, TNTHNORMRZHIE L /2.

K2 FHWZHIEIZ K DS &g o B ED 3 IREIZEWT 60GHz OfF 5

EHWCREDP SR VY ) =0T ) — KPEEIND Z EPEEI N EBDRE L
DRETCOWEREZFER L2, ZORRE, kR LoV Y /) —RFenT /) — NOEHEE
BIZHAT, RESXIVFRY TRZOBEGEHEDO MR L BHEN NI NI L2 EiEL,
) E WBAN IZBIF B RE~YVF Ry TOREMMEZRLT-.
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Yo =
4

eI =]

BHEVILFRy T=BW-5EHHE
60 GHz & WBAN > X 5 A

ARETIIREETILVF ARy T2 H W= 60 GHz & WBAN ¥ 257 A DEEMENZAHTH
HIrHBEL L, BECILVFERY 72 AW 60 GHz & WBAN OElfg s L O005@
EBRABOMMIZ L VIEES AT LAREEHTHL I L E2RT.

4.1 =15%8 60 GHz & WBAN H:B{E D[E#RE& 5

B 4.1 i@k~ FRy TEFEB W2 60 GHz 7 WBAN OEfREHE25RT. 2
THIZIE 100 MHz, 3280 NF % 14 dB 2 RKET 5. AMRIZ K BHK Lioay 135 3
BIZLAWB L% 20dB THD. FrEmtdE% 10 Mbit/s 95 &, ZOBEHRAR
MERD - DI BB T VT FRBIEEZEHHLET 15 dBi LA EE 4R 5.

B 4.2 ZfETET T F 2= 73] Y. RFHEE N4 D2RIEXA AR —
N7 Vv—=7 T+ BETLH. RE/—NET7 VT FONEERZILSTNS 720D, 4 x4
DEFHOTV—=T7 7 F2HVWE. 2O EOT7 VT FDRIEIX14dBI TH D,
4.2 DR TRU 3dB B —AlEIISRREZ +2IThNN—F5. KK/ — N3E%/ —
NZERELST VT FTDONERZENLWZD, 2Xx2 DEFEROT V=TT F2HW
5., ZOLEDOT VT FORBESABI 2D, H4.2 DFEETHRLUZ 3dB ¥ —LAlE
FREE P AN—TB. EXD, EZET VT F ORI X 2 EFRFIEIZ 3 dB
V—ALlEZ2ZBUAET 16 dBi &7 0 ERkod 15 dBi #3727

K41 IZAETHWSIREINVFRY THEDVATLANTA—REELDS.

(
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Rx antenna gain . Path loss:

GRx,m [dBi]

Free space loss
(distance of 1 m, 60 GHz)
Liee = 68 [dB]

Transmission power
Pry = 0 [dBm]

: || Body attenuation
Tx antenna gain Lpody = 20 [dB]

Grx,m [dBi]

4.1: B%E~ILFHRy TaHWE-60 GHz % WBAN DO#g:%s

E EA \
EFM2x2 R/ —F

7T FDFE D 0.35 % 0.35 cm?
=718 8 dBi (BX)
FREFB5dBIi & L& EDE—
LIgHFRTNAZA4 k

o A% £h
*
3%?#& 4 X 4 Ef‘ﬁ/ — Is

/ TYTFOTFE1x1am?

=>F8 14 dBi (B&X)
FrEEFB11dBi & L& &
DE—LIBERTNAF4 L

EHAIE K — ]
EmLLVEH)

X 4.2: 7 VT F+OkEt
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R4.1: BERILFRY TBEDYRTLIRTA—F

Carrier frequency f. 60 GHz
Channel band width B 100 MHz
Transmittion power Pry 0 dBm

Antenna gain of on-body node Ghoay 5 dBi
Antenna gain of toe node Gyoe 11 dBi
Noise power dinsity Ny —174 dBm/Hz

4.2 60 GHz % WBAN #ERBE=DFMIC L 2EFEMED
FRET

AHITIX 60 GHz # WBAN PLEBEICB T 2 REHAOEHEM 23 AHKY I 2L —
YavIZKDFHET 5. RO, FERFELE UTREREMT 2 60 GHz 4 WBAN
WIBEIZ B 2 EEERE 2GS 5. RBAFTIET 7 2 AGIHHP IV —T 1 T ED
FIENI AR AT DbNEZEDE L, TOA =AY RIZEZEEBLARW. £ LVF Ry 7

DBEIINROMETIEHZEL AR\,
421 60 GHz & WBAN BB =

BERARIIRX (4.1) WRTVY / VOBRGBREEOREZHVS
S .
C = HBlog, (1 + N) [bit/s] (4.1)
S =104 [mW] (4.2)

PTx+GTx+GRx_L
10

A:

N =10M/1B  [mW)] (4.4)

H BZXVFRy 7RETHY, BFRBEOLAEIIH =1, @YV FHRy 7
LGield H=1/2 Thb5b. Grx BELV Grx BEEBLUOZET VT HAET

(y
no(y

rﬁ
=
il
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. EEEE

S=f(d)
({=ikiE sk 3.3 dB/cm)

X 4.3: BEEREICKIBE

H5. EEBEOYA, Grx = Grx = Ghody TH Y, RIEVILF Ky THEDH A,
Grx = Gpody BEY Grx = Groe THD. L IFERIELRTH Y, HEBEOLAEIX

L=L.d [dB] (4.5)
YIRY, RAENILF Ry TEEOEHE I

I_ At f.h
3 x 108

) +Lb0dy [dB] (46)

LB,

B 4.3 IZEROEHZEFICE T 2ZEEOREOMK T2 RT. BEE@EETIEZ ) —
VY T ERIZ L ZBED 2D, %257 — NREEHEE d 12EBREL D dB @A Efl
T5.

B 4.4 TRETLZREYVF Ry TREOZEENIOWEOMK T2 RS, RV
FRy THETIEEE ) —Fbd2WEZE/ — N/ — NV L—iE# h B &
O Front-toe ¥ 7z1% Center-toe DIRFEIZ X D ZEB I WET 5. FHEEAE LA
72 D ARHHERITEZAE /) — NHEEM d ICEARICEEI RN, ZEULYLVF Ry T
WED-DREREEIZEE ) — N/ —RPE2WIERELE /- R-ZE/—RD S B
XWIEIDRR MR 72 d. %G/ — NEHE d PRKEWIFEEE — Nk
J—FReRk/) =5/ — FOBEHEEDORANKE L RLARENREX 5.

422 FHEFMHE

AEFETIZIRD 2 DIZDOWTIHT 3.
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UL —IERE h
S = f(h,00r20dB)

Front-toe (HERZERIBRZEDH)
Center-toe (Af{&3E%k 20 dB)

4.4: BRI BREVCIF Ry T@EE

£4.2: YIal—vavi#k

Distance between Tx and Rx nodes d

0.2-05m

Average distance between

the toe node and the body node h

0.5-10m

Propagation loss of

direct communication L.

3.18 x 102 dB/m [71]

Body attenuation Lioqy

Front-toe pause

0dB

Center-toe pause

20 dB
Occupied period of front-toe pause 52%
Occupied period of center-toe pause 48%

The number of trial

10000 times

o XZ(F/ — NHEERE d 2T A—% &L, VV—lEl h BIORDOMNE % FEE

U726 Ol(E AR

o EXME/ — NHE# d LTV V-t h 25 X0 L, ROfIiE%Z 3 EHT
KD 7RIV T B2 GED ALV —T v b CDF

R 4.2 TRl R R T, %25 — FREIEEE d % 02 <d <05 [m], VL —Hi

h#%05<h<10[m &L,
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423 YIal—YaviER

Bl 4.5 ICEHEFE L REY VT Ry THEEORRAREEZRT. #ENIXEZE/ —F
MEERE d, MeiXPRARTH D, BEEIECROBEERE, &, & HBIUOEOE
MBRET e VF Ry THfETHS. 4.5 L0, FERFEIZEZE /) — NHEE
Bt d A5 TRVIRETIXERRA R E WD, E2(E 7 — NHERE d "EL 25120
P VWHERAENE LSBT S, —F, REANIEZE/ — FHEEH d 2388
THEERERMEL A LB LR, 7277 UE%E 7 — N d 238N % & %G
J—R-Jdle /) =N %) —R-ZE /) — FORGBEEEDRENKELRD, ZTORF
AELT—N— L THILLUT.

Bl 4.6 [CEEEFE L RESIVF R Y TEEDANV—Ty hOSmRMEZ R, Kl
WBAN Wiifg A )V — 7 b, #thlidZ D CDF TH 5. EKFEIGBEHREIHN T
ETVAHEEITEENTERVWED, X% 70% OEED AN — Ty A% 1 Mbit/s A
TehoTwad., Ty URREFEIZ 99.6% M EOEED AV — 7w hH3 10 Mbit /s
PEEoTnWbdZens, KREDEED /) — RETOBEENARETH V, FHEMED
EWVEENEHETH 5.
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- Direct
—+Prop. h=0.5 m Front-toe
3 —Prop. h=1.0 m Front-toe
1074 Prop. h=0.5 m Center-toe
T i —Prop. h=1.0 m Center toe
) I 11
. H
2
=)
2
.g ”
1
8 107 £

10° ‘ ‘ ‘ ‘ J
0.2 0.25 0.3 0.35 04 0.45 0.5
Distance between Tx and Rx nodes d [m]

4.5: WBAN HWEERIL—Tv b
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0% L
- - Direct
10-1 . —Prop.
a
A
O
10'2 2
—3 n n T T Ry it n n TR ST S SR N A | n n PR S T R |
10
10° 10! 10° 10°

Capacity [Mbit/s]

4.6: WBAN REEXIN—FY N CDF (YIal—YaviER)
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43 F&b

ARETIERE~YIVF Ry T2V 60 GHz 5 WBAN ¥ 2 7 LA DEEMELSRHTH
L5 eEBEEL, RE~YIVF Ry TEAW 60 GHz 4 WBAN O [RIfRE B & @
BEABDOIMEIC & 02K AT L DOEHENE % FHM L 7-.

B3EDOMBIIHEDEZV VY INY 2y bEFREL, TYTHFADERAR Y 7 %25
U, R 4x4, k& 2x2 ODXA R— VT L =T VT FIZ XV IREAFADELH T
HhdZ el

72 WBAN WllIfSAEDFHETVEMEL, TV TNV HECIVRE AT
L DM DFHENZ & 0 $2F 5 XD EZEMEERIC L 5 TN TS 10 Mbit/s % MLt n]
RERfEHEMEDH 2 BEVRETH D Z L ZH L NIT LT,

MEXoARBETCIERIEYIVFRY T2V 60 GHz  WBAN ¥ 25 A D [EfjE%
SB L VEGRARDOFMZIT, REVATLOERMEZHS MU .
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Ll

/‘rh—5

&

H.
i

A offl

—
-,

5.1 &
AFXTIE, 2=V EEBEIT S AERITB(E THES WBAN 08K Y #2175 /2.

E2ETIE, I —FEEBEICHSITS WBAN BT WS BBz L, SRz
< 60 GHz it WBAN il THET NV EREL, B I a2 —Yvavizkha—¥
FERETCIIA—FH72 0 OTFHEEMNIFIE—EMIZNEL, 60 GHz f WBAN 23T

BIEHIC R R TH S 2 L e R L

%3 ETIE, 60 GHz # WBAN WEHSEZIC 51 5 AKD K S 2L > Hsic
BU, RET 3 IMEOBEO DI RIE IV T &y TOENEE RS 7 AR &
B BT O EHIE D 2R TN T & 0 RS L F Ry T OISR E I 5 hic

L7z
BAZETIE, BETIREEYLVF Ry T2 MW 60 GHz 7 WBAN ¥ 257 LA DISHE
MDARATH D & W REIZH L, ERRFS L OEEKY I 2L —Y 3 Iz L 5E(E

BABOFMIIZL D, REVATLAVPEEEHTHLI L 2R LT
PiEXD, AKiwxX Tl 60 GHz w7 D@EHIZ & 5 WBAN B TFHOMHRREZRT & &

Bz, BETIREYVF Ry TE AV WBAN OEGEEEZHAS 2L, 12—
LD HITERE TS BERITBE WREZ WBAN OFEBRM: 2R U 7-.

52 SHBOEE
AWFETIIREROY A Z70R L 0 EWERERO I VEICE-H U2, )
FIHEDE W D Zehs, BalET VT RN LW, B WBAN OMWE E, Fr

*1) 60 GHz 1281 2 EIFEZ2H T 5 mm
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0> WBAN PUBIEIZSATE A1, B & OREL WBAN B TSI AL A S £ L
TL BB\, WBAN HiBE L WBAN BT AFEOE AL 2. A
L CHEEDT ¥ 7 F /88— R RUE Lt 215 o 7245, AKDESE v OB
IS DRSO T Y FF AR — v DY D BRIT & D & D FHICH < @B WBAN
PIBEHORRA TR TH B L ER 5N,

WBAN 125327 > 7 FHfiiE, 7> F F#&kil [74], [75] D&, hEETOLER
i % 5 B RE [76), Ak E T T OO ERS I EIEEOZE [77) 7 ¥ Sk
FFEEhs R S NT B S, SERSINC U — DS R — & A d B a7 X h T,
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4G:
5G:
AAL:
AP:
BCU:
COl:

CSMA/CA:

DNA:
DS-UWB:
ECG:
EEG:
EMG:
FCC:
GMSK:
GPRS:
GSM:

GSR:
ID:
|IEEE:

Fourth Generation; 2 4 AR EHEE > AT A

Fifth Generation; 2 5 AV ELEE > AT A

Ambient Assisted Living; 7 VEZY b 7Y A MY E VS
Access Point; 7 272 XK1 >~ b

Body Control Unit; A7+ I3 ¥ hE—)Lb2=v h

Center Of Innovation; ¥ >V X =474 /) R—=>a v

Carrier Sense Multiple Access with Collision Avoidance; #
BAZET 7 & A/l 5

DeoxyriboNucleic Acid; 74 ¥ V) RE:#

Direct Spread Ultra Wide Band; & #HLEGE A Hr 80/ 15
ElectroCardioGram; /0

ElectroEncephaloGram; i

ElectroMyoGram; & X

Federal Communications Commission; HIEERE S
Gaussian Minimum Shift Keying; /77 2 &/Mmhi 2
General Packet Radio Service; & 2.5 B ENEE > X T A
Global System for Mobile communication; 25 2 A E)@E(F
T A

Galvanic Skin Response; 7V N=w 7 [ 8 Kt
[Dentification;

The Institute of Electrical and Electronics Engineers; K[
== [ AN
EfTR

67

&

A
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B, X\
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HBC: Human Body Communication; AMARES

IG-WBAN: Interest Group of Wireless Body Area Network; WBAN FJ4§ 5144

loT: Internet of Things; €/ D1 > X —% v b

[rDA: Infrared Data Association; ZRHMRIZ & 2 JEERR T — Xdf5

IT: Information Technology; & #1fi

LED: Light Emitting Diode; $J¥: X4 A — R

LTE: Long Term Evolution; 2 3.9 (R HEE(E > X 7 L

LTE-Advanced:  Long Term Evolution-Advanced; &5 4 AR ENEE > A T L

MB-OFDM: Multi Band Orthogonal Frequency Division Multiplexing; ¥V
F NV NER BB o

MICS: Medical Implant Telemetry System; /AKPYHHIA 7 75 [ 5 F i b 5 4
VAT L

N/A: Not Applicable; &7 U

NB: Narrow Band; i

OOK: On Off Keying; A > A& 723

PD: Personal Device; fH§ AT /31 A

PDA: Personal Digital Assistant; #4715t R

PHY: Physical Layer; ¥)2)=

PSK: Phase Shift Keying; A7 fH AL 274

QolL: Quality of life; EJHDE

RFID: Radio Frequency IDentification; ff# ID X 2

ROS: Reactive Oxygen Species; /&M 32

SAR: Specific Absorption Rate; FLlI=R

SG-WBAN: Study Group of Wireless Body Area Network; WBAN #f%t 4

SNR: Signal to Noise ratio; 155X Mt & & )1 Lt

SNS: Social Networking Service; ¥ —Y ¥ )L - 2y N T —=F v - ¥ —
YA

Sp02: Saturation of Percutaneous Oxygen; #% 5 {0 iR Ifi i 35 S A1

TG: Task Group; X A2 )\ —"7F

UMTS: Universal Mobile Telecommunications System; I — 1 v /NI E 1}
55 3 RBIEEY AT A

UWB: Ultra Wide Band; #JArI5k

W-CDMA: Wideband Code Division Multiple Access
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WIMAX:
WBAN:
WG:
WLAN:
WNG:
WPAN:

World wide Interoperability for Microwave Access
Wireless Body Area Network; AARGEI @A
Working Group; 7—F > 27 27V —7

Wireless Local Area Network; R X8k A ARG Ho@ 51
Wireless Next Generation; & fH kg

Wireless Personal Area Network; T B #4582

Y
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