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This study presents an integrated analysis aimed at establishing a more

accurate and efficient assessment framework for human exposure to

electromagnetic fields generated by next-generation wireless communication

devices. The work encompasses a review of research trends on existing

investigation of

a detailed

high—-frequency APD measurement standards,

APD/IPD characteristics in the high-frequency range, and the development

of

to

evaluation technique applicable

combination

SAR

To overcome the limitations of
SAR-based assessment methods we

scenarios.

simultaneous—transmission

at high frequencies,

conventional




experimentally and analytically examined the interactions between antennas
and tissue—equivalent liquids, the reduction in electromagnetic penetration
depth with increasing frequency, and the frequency—dependent behavior of
APD and IPD. The results confirm that APD serves as a more direct
indicator of surface power absorption under high—-frequency exposure
conditions, and the origin of deviations between theoretical and measured
APD/IPD ratios was systematically identified with respect to dielectric
property variations and near—field coupling effects.

Furthermore, to address the inefficiency caused by repeated SAR volume
scans required for multiple transmitter pairs, we propose a new analytical
method that models SAR distributions using two—dimensional Gaussian
functions. By incorporating parameters such as psSAR, distribution width,
and peak-to—peak separation, the method enables approximate estimation of
SAR increments during simultaneous transmission and facilitates the
determination of exemption distances based on a  predefined
percentage-increase threshold. This approach was validated using SAR
volume-scan data obtained from commercial mass—produced devices, where
the modeled results demonstrated strong qualitative and quantitative
agreement with measurements in terms of distribution shape, peak location,
and combined SAR magnitude. The close alignment between prediction and
measurement verifies the practical validity of the proposed
exemption-distance criterion.

Overall, this study establishes a scientifically grounded evaluation
methodology tailored to high-frequency 5G/6G devices and provides a
practical alternative for simultaneous-transmission assessments. The findings
are expected to support future international standardization efforts and
contribute to the advancement of regulatory frameworks for human

electromagnetic exposure.

- — —— - -
= | FrAEEy AREEE AAETE, ARSI R

Absorbed Power Density (APD), Incident Power
9% |Density (IPD), Specific Absorption Rate (SAR),

Simultaneous transmission
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Key Agenda ltems
ITU World

11— IMT in the 4.8-4.99 GHz band

Radiocommunication Considers conditons for which the band 4800-4990 MHz coud be used by terestro
Conference 2023 component of IMT.

(W RC'23) 1.2 — IMT in the 3.5 GHz, 6 GHz, and 10-10.5 GHz bands

_ . . Considers identification of bands 3300-3400 MHz (Region 2 and Region 1), 3600 - 3800 MHz
Dubai, United Arab Emirates (Region 2), 6425-7025 MHz (Region 1), 7025-7125 MHz (globally), and 10.0-10.5 GHz (Region 2)
20 November to 15 December 2023 for IMT.

1.3 — Mobile use of the 3.6-3.8 GHz band in Region 1

Considers possible primary allocation in Region 1 to the mobile service (except aeronautical) in
the band 3600-3800 MHz.

1.5 — Consideration of sub-1 GHz spectrum in Region 1

SpeCtrum pipeline ensuring the Reviews the spectrum use and needs of existing services in the band 470-960 MHz and
continued 5G growth across consider possible regulatory actions in the band 470-694 MHz.

regions and enabling future 5G

Advanced and 6G use cases 10 — Plan for new 6G coverage band

Proposing an agenda item for WRC-27 to study key upper mid-bands for 6G across oll 3
regions, Le., 7.125-15.35 GHz

1goii, 8 the Midde £ast west of the Persian G, incusing g

% 1-1. ITU WRC-23

92 GHz

Candidate bands for 6G

SAR “Under Rulemakingin US.

Candidate bands for 56/6G

<1GHz

100m 400m 1000m >4000 m W"
(Local area) (Urban) (Suburban) (Rural)

Source: Samsung Research

Source: SPEAG, Schmid & Partner Engineering AG
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Ad 15 A4 FFAYLE(APD) 253 2%
1. IEC/IEEE DTR 63572

AA FEAHUT(APD)O that x5 e AEHHoz APFa Qo
B 3491 IEC/IEEE TR 63572 EDI1AA &85 W E(APD) 7o
Aoz s vt [3]. IEC/IEEE TR 63572 E
DTR 635720141 A &4 02 w=oHQd 153 F5deds
et FAASE tFa gow, AAGTIHEY 7INke] uF3 F4EHEE = (APD)
ZIHe A Ae 7)uke] aFa FH AU E(APD) H7PEH S FAld g diysta
oth [4]. @A) IEC/IEEE 63572 7]%X 114 Z<H(Draft Technical Report, DTR)e th
sto] IEC 3| Y9 s Hadstda 19 2-12 T8 =773 1S 4 A
ojth. i Ao # | oF{VF B, dF VEAd FA4o ug oHdE vk

7R A 2F HEde] MEs 2025%1 2Q0l A 20259 4Q= W7 = ATt

}:l

2711712 Z9E &

8 Accepted
& 2 OHHZE 20| 5 g
ALICH )1 4ol 2%, 27195, 801 8 6 Reavised,
=,
CANC/IEC mA o8 5 N(')ted,
1 Rejected
8 Accepted,
AL 12 o 2%, BO{ R 2R 3 Revised,
CES 1 Noted
£t 1 Accepted,
IEC National 4 o2 1 Revised,
Committee of Sweden 1 Rejected
otz e|F-E =t
IEC National Committee of 2 mA o= Z Agtepied
Sourth Africa
A2
|EC National Committee of 3 ZH 2 Lol nJ| 22 2 Accepted,
Czech Republic 1 Noted

28 2-1. IEC/IEEE 63572 3]& o4
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a9 2-2%

IEC/IEEE DTR 635720l 4 t}F
(APD) S WHS

23 e F8 nFT Ax
Z4uEe ve 29 22 (F Fued 1F0 55299
WS 1de Aol a9 2-2 (e S4 wiEZ=E APD F7PEHS 8
ST OoTA 7%t
=0
X4 e
EM-EE
=
IR 7|4t
X Hot =H
ARSUETE =Y
3L HRALE 7|5 E
AHS7HE Y
=28 =3
SAR
0 20 40 60 80 100
Frequency (GHz)
(@) I Fdgd= F7py
AXIS7H8Y RSt
ZOt4 Y (6~30 GHz) I+ CHY (6~300 GHz)
HrAbES 12 tt
HoIQIN| APD &£
SAR £ Zat 3
HetA|+E ST APD £F
xold @Ey2S
0| 8%t APD &%
HMEH ool 7|8t
APD &7
PD £& Z2H gl
AHS7EYE S APD 578
4 OTA 7|4t APD &7
(b) 4 8 FrAguE

19 2-2. IEC/IEEE 63572 APD 3 7}H
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a9 2-2 (a)olA 7tEEFS ZF HrhwE Fo8 gl 9S Yehdg, AA ALS 7
Fuk4= g2 YA [EC/IEEE DTR 63572 2 #Hed =FoA HAE 9 38 Fup4d
skl Bkt LHA FAor FAIE FiEo] JAGTIHE NS AMES A7t
Wolal, Ao R FAE FES DAY EOQIA(AE)S &83 WS dEhit
HAAN7HA AT AEE AAS7HEN J|vk APD H7HS S7hg U =4 A]AE
NAEE 18ste] 30 GHz o]t FakrolA H7He o de Wyo] &9 Foln, A
T A BAY BEORIAE o]&st= 54 WS 10 GHz WYl ds] 487t
Aoz AFHa Qo AA dgitel Aldls 28 GHz 2 60 GHz WY 5 5G/6G 5
dEn g atel 2 At S d el dig A7 AP Ea gl

2. IEC/IEEE 63195-3/4

IEC/IEEE DTR 63572 7|&H 145 7|Hko g olgje}l z+o] IEC/IEEE 63195-3/4 ¥+3}7}
M ZFo 9t} IEC/IEEE 63195-3/4% IEC/IEEE DTR 635720 7|9+t st o

AAAEFAADEAPD) 24 2 ARl B/t 43S wFesa At [5l6]

1) IEC/IEEE 63195-3: Assessment of Power Density of Human Exposure to Radio
Frequency Fields from Wireless Devices in Close Proximity to the Head and
Body (Frequency Range of 6 GHz to 300 GHz) Part 3: Measurement Procedures
for Absorbed Power Density

2) IEC/IEEE 63195-4: Assessment of Power Density of Human Exposure to Radio
Frequency Fields from Wireless Devices in Close Proximity to the Head and
Body (Frequency Range of 6 GHz to 300 GHz) Part 4: Computational Procedures
for Absorbed Power Density

IEC/IEEE 63195-32] 7% IEC/IEEE DTR 63572014 A|¢teta = 54 H7M&Es
Eotetal low, #HEg Ao % HA 55 dwsta vk IEC/IEEE 63195-49] 74 ¢
3+ 2 A (Finite Element Method, FEM), 3 =& A7t 9 9 (Finite-Difference
Time-Domain Method, FDTD)5 & 7|H9to.2 st A|&EH ol Az H7 AAAE YeRd
A7 27 B3 ExdAe 20259 59 CD (Committee Draft) 7t s, 202613 3¢
CDV (Committee Draft for Vote) 7I2<¢ts, 20261 11¥ CDV CR (CDV Comment
Resolution) €%, 20273 1%7] FDIS (Final Draft International Standard) $+5& &
X2 oy 20253 12€ dA CDE 9% draft HAS HE Foluh
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IEC/IEEE DTR 63572 ¥ IEC/IEEE 63195-3/4¥% %2 153 §5d9d%E(APD)

#HH oA vdFd Frhwe] Aty vk 153 S HEEE(APD)Y] Rt
W Oy 2-33 Zo]l A AR E7E 7 ok ¥ 2-3 (e AASIHE
7Ivk S i, a9 2-3 (b)eF ¥ 2-3 (o)v Aragtel A Al ZojIAI(HE) 7]t
54 S vebdo A BojlA S WS 54 ZEH we d7]d ZEH
o] WA, £ ZrH F= R GAAA ol & WAoE R [3]4]

; : with a temperature probe (IR image sensor)
with a field probe in free space With - witte Tiald of visw

- Temperature

RF scanning RF scanning prakE JRRmanr

robe robe

i Sampling l Sampling

points points
Measurement Measurement Sampling
TEEON X XX XXX KKX XXX XK XXX fEEION X XX X KK XX XK XK KK KX Mg t / PoliE
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx region
V4 g
APD evaluation APD evaluation APD evaluation
ol A =78 M 7w (b) A7 FAZE B 7|H (c) T ZH 7|
(a) VA S 7H-&H 7|1t ] 7] A3 2 B 7] c) =X = H7|4dl

of e Ho+= FHHE W& ofyn IEC TCL069A A& =9

S 9 dEHe AA AA mF AA]AH gk}
EAS Adst7] ¢33} skin model surface®} virtual phantom outer surface® F+ 71<]
ZleHoez AgoHr} o] F skin model surfacei= APD7}F H 715+ 37 W (evaluation
surface) 0.2, 7|5 ¥§ mdol HWMAMASLES A =S AAEY, virtual phantom
outer surface™= DUTS] 91X & AYsl7] A 7IeHeZ AFEHET F+ %W Aloldl &

7b4 siEl A(virtual phantom shell)o] dA =W, 71 F7= HA W8k V|Fog 2
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mm(+0.05 mm)Z T4 Eth DUT 32W ¥ virtual phantom outer surface 1t A&
dsgt & w, DUT W3 APD %7bA<Ql skin model surface 3t AA| 7=
d=ds+2mm=z ot} o9 e FxE DUTY A AA3 APD H71dS 43

Rel§oEM, SAR 49 AEE BY 715 TR ARYL FAFANE nF
3ol A ER A" F5 542 AuEA B 9% Aot A
Ao @b o oA B9l wWeh Wy E: SAM 9" 39 rxE Agen], wE

= S
74 %o APD¥ skin model surfaceol|A] % 7}% )

skin model skin model surface

t (evaluation surface)
l shell
f d | I d,=d-2mm _

-------- DUT virtual phantom outer surface
(a)
I’si'!ell
Pl

skin model surface
skin model {evaluation surface)

N

virtual phantom
outer surface

a9 2-4. APD 54 7I+£9 (HE b [5]
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98 2-5+ 10 GHz ©]3F 71719 AA9E 44 (SAR)E =4t

LER T ﬂX}JJraTE —f—"é—% ‘ﬂiﬂ%*& ol §lel xe

o
>
>
fllo

T o

it

off,
iy
I«
il

Source:SPEAG. schmid & Partner Enginesring &2

a9 2-5. AR F48(SAR) HIMA| 2

IEC/IEEE TR 63572, IEC PAS 63446 :2022¢1 4+ SAR

% = L
gto] FFAHY=(APD) B 7ksk= WHSI[7]0] AlgtE ] glom A 2-D=2 FdHTH

APD,(r) = ff f " () SARG ) dzdxdy 2 (2-1)

H3LS 93 psSAR cubedl Wigt dF 7ol HQst. psAPD W3S
SAR w25 7|Wre = st e WY A9 dlEdA dAuEes RE7F A
gdx= A BE oux 7t A" xie g JuAIAA S5 SAR
S B3 d¥ FFo] =K & psSARS psAPDE WS 7]) 9@l psAPD
o] Wit P99 A= psSAR FE WY sYsiohal 7Hg gt
psAPD+= oFeff 17 2-6¢ AAlE theFAQl ®Ek A5 CFast 74 2 (2-2)F A&
sto Fol A=kl g psSARONA WSkt
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pSAP‘Dawmgingarea =ps SARawmgingmss ¢ CF;Z Z\J‘ (272)
psAPD averaging area [cm?] PsSAR averaging mass [g] CF, [kg/m?]
1 10
4 8 20

I3 2-6. psSAR®} psAPD W 3HA 4 [3]

ARAFE o83 FFAgEE A7k Ade dAdFsE& S4409d DASY
SAR Z744dn|o ZA4ditel M AEAFE HEato] APDE FAeste] 73 5 gl
el 7= SAR SAARE 28 o JUvhe Aotk o, SAR SAAv 9] 54
Fibg Alcfe® W7k For 10GHz F3k l9e 23ete] 482 ¢ gle @A
of vk ¥ 2-7 1g SAR AAI 1 en® WA FFAHEUES F7HAEA, 10g

Sideview Topview

PD 10 g SAR
2x2cm 215x215x215¢cm
(example)

N
N
e
mlI
ﬂ
™
O%
R
k=
%0,
O
!
>
o

T ]
Y1 E dHmmWave) T35 t oA o] AxE vt
L5
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oF L A5S AARY v d2F AfsAel AT ol TAE s

el A%, 3, A3, AAAE, =% 5o 0

A-AA(TSL: =4 F7F AA) B2 3 Ge, F-d-AA 74 425 A9sie, APD
SAL AT UFolA FdErt ox ] AAAoZE DUTEHE 2mm A2 <]
o5 EHeA BAsHE APD7F 7t tide] Atk siE A Al adly Rl R
Zvzy 29 2-83F 1Y 2-90] =23k E o] it}

Source: Horn (d = 0 mm, Pin= 18 dBm)

19 2-8. SPEAGHt DASY8 APD Module

)

f— Frite

TSL l ' fat b (i sl cordaeer
dermis Ranieg deienra
shell g - epidermis.
2mmI air ot o
‘L— Ej—rouwmm
(b) AA AA = (c) 574 A

IEC/IEEE DTR 635720 3t s|&@dEAM ol 2mm T4 &8 F7istd APDS}
SAR & FA=FE @ikl QS = F JQBE olF BAAY F U= H7PURY F7HA <
Are]l Hastrk= o] AL, o] =

B7F Al 7122 2mme} %%“i AAZ 7 F dohes YWeow



L.

(@)= APD Al Al=dl s veEkdoh 19 2-10 (b= APD

2-10& AA719 F¢ =4 2B} A5 7HE S o] 83 APD =4 AlaH o] A=
0 S
IZZEFPAAES YEMH, 7]E AA9ETE(SAR) b Z2 B2 AlX7F A

548 A% ]
oF A% & % Atk 29 210 (OF AAEEAS T melold] Tx B
ok 54 Al2="le] 52 F3+ 10 GHz~300 GHzel™, A 7HA-E& 3459

It |

(c) oAl =

79 2-10. APD 4 Al ~H

C} WEALS 7]ub Q1A 2 ¥ (Phantom) 7]9He] APD %7}

4o TRAN FA w4

6 GHzE Z¥et= 153 dolr = A7 o] 1A
: W vielAEME FEow

qu, ol ola] e AA xA YN PE ol fu
A ol @ SAe J12e] A B HAA AnS BEF DY WA QA

Agaoerw FAHs] offgA wbEW. ol uigk dijte =z, REAMA S (reflection
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coefficient) & 7|Hto. 2 3l el Fxo A W
Hup o5 diAl S-S &8st F il
[8-11].

o] H7F HW-e gky wA AAR FA
FHAA YeE Al B S BAMSE
) 2 (Tissue Simulating Liquid, TSL)el| H]3
Aetsteh. w3k o] W2 A e FAFS
AP A 7 o, Wi 4 FHastste A
DUT - 38 - T2 H O £A&

ozl x| A At
R)E 3171

=
H EUs JFow

) o_>|1,

3L
[}
l

T

=
vy
> AN
o
Mo
>
fols
o o
ol
flo dlo
=
%
Z,

N

T\

KN
=

3} (back propagation) €3l

A S (complex permittivity)<

gus
WA A AsA) gobw "ok dolrh Fol Fuha wWel Wl 1A W] WA}
sS4 S48 Fdstd, S AgER dav A =S HUMd ¢ Y] WE
ol th.
APD E-field Human Tissue-squivalent Reflectivity-based
1."-.1]IIJ'|I|III'| plane -r;|||:||||lg plane o0 i body PO ¢ phantom P4 phantom
& r ' R = R : Rie) = R By ® T Riw, i) = iy, b 0 ['.- =iy =iy
] | Backwand propagation | | i . b 0
H P === Sconming ¥ 4 :
; rrnh:. ] ") ot { -t
o Eq l , 4 !
. gid | ‘ A o ANK
. ' |
§ : =2 o
o3l 4z |
I iood i s dp = ==
i ¥ _:p ¥ § Pt * L

(a) )

(@) A+ &k E-2= WE ZHo) 7|9k & APD 37} el Mg=
(b) (1) 1A, (2) 9] 53 &S Adsts AE, Q) wARS 7] Ag, A4 54de A4 #Y
of Aushs z5& me A AE ook WfF-e] Akl dHEE

19 2-110 WhARE SR el APD #H7} [3]

gy 2-12% WAL 7iaE Ao 2 AR APD 4 Al~FY WA FRE =43
Aotk Al~® ol VNA(Vector Network Analyzer):= 10MHzol A 265GHz ™
AN s2etH, ﬂ—?ﬂ(RF) NoE A= A AXZ /Y. of7]e d4
VNAX(E# 25, Vector Network Analyzer Extension Modules)< =74 7}5 S

(o3

i)
4r i do ot
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HeE 5GHzH-H o 75GHz7HA &4 st= 7Iss FdlstH, Add 153 S
WRI5 =3t F3 54 i 7171(DUT)el deEn

DUT=ZFE A& Ael(d) gl fAlel EoJIA7 wix =, HH S S3sh= 171739
xR e "HoldHyd 43y w3 MW =3 (tapered linearly polarized

open—ended waveguide)S ©]| &3 A o] A Z2H = xF3E Y F Ao A

rr

(positioning controller)ol] F=zt=o] lom 3 FH oA Hds d= A&

HsaAl gt

¥ VN

o] u,
A =]
o,

VNAX -=| &

19 2-12. WhARE sHE 7)ake]l APD SA AW 4 [12]

Dipe wray 60 Gz Siotied horm antonna 8 GHe s hu

getimm !

A(a) s11 P 1 e (b) APB wy
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2-13 (a)
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ted, e

S

el
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™

—_
fiie)

At} 53] 60GHz tlefolAe] wiAlAIS Aol7h Hel 0.1 dB o= ul$- v

Az A%

A 74

T
T

Ak 29 2-13 (b)

434 o)
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o= Hl
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pud
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fiie)
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B

A T AR

71 SA koI, Al HA

ol

95% ©]72

B 57 -
1_:J£\__

I Al 227042l APD
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ol
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HolFEoh [8-111.
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a9 2-149F 19 2-15
Cavity-Fed Dipole Arrays (CFD)¢]

a9 2-15

Pyramidal horns with slot arrays (HSA)<]

T
T
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Diglectric
substrate
Tuming screws.

Metalic block
with cavity
Dipoles

Main dimensions for the cavity-fed dipole arrays — 30 GHz design

(a) eI} %=

Table B.2 — Main dimensions for the cavity-fed dipole arrays
at each frequency of interest

Dipole | Dipole Slot Slot
Number Humber ¥ A
Frgq uanecy of di Pﬂlll af dip ales width Iang th Iangth width
[GHz] anld slots anld slots d, ;* 5, 5
slengx | AeN3Y | tmm] | (mm] | [mm] | [mm]
240 | 510 | 570 | 1.20
2 3 3 +005 | £005 | £0,05 | £0.05
0.8 186 | 190 | 040
4 2 g +005 | 005 | £0,05 | £0,05
040 | 0986 | 095 | 020
60 4 = +0,025 | £0,025 | +0,025 | 20,025
0.267 0,640 0,613 0,113
= A 3 +002 | £002 | £0,02 | £0.,02

(b) F3h52 QFEL} Apo] =

a
x=ais lmami]

(c) A7 &£

19 2-14. Cavity—fed dipole arrays (CFD) [4]
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H e

P ——

[EC
EC
Main dimensions for the pyramidal horn antennas
(a) HHIYF =%
Table B.& = Main dimensions for the stencil
with slot array for each frequency
Frequency | Stencil | Stencil Stencil Number Number Slot Slot raster raster
length width thickness of slots of slots | length | width of af

along x aleng ¥ : slots slots

5, .ST L, v, along x | along y
iy dy

[GHz] [mm] [mim) [rim] [mm] | [mm] | mm] [mm]

10 70,75 5260 0,150 3 5 ir.5 2.4 220 10,0
+ 0,01 + 0,01 + 001 +001 | £001 | 20015 | 20,015

0 42,50 33.80 0.150 & 7 5,40 0,80 B.70 .47
£ 0,01 £ 0.0 £0.01 £001 [ 2001 | £0015 | 20015

5O 23.40 18.78 0.150 5 8 2.75 b.42 4.00 2.08
+ 0,01 + 0,01 + 0,01 +0,01 | £001 | 20,015 | 20,015

a0 16.70 13.40 0.150 6 B 1,80 0,30 2.30 1.40
+ 0,01 + 0,01 = 0.01 =001 | 0,01 | £0,015 | = 0,015

(b) St QHElY Alo]l=

19 2-15. Pyramidal horns with slot arrays (HSA) [4]
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Feed: IEC slotted horn
Image resolution: ~100um

f=60GHz
IR camera: FLIR 5600

IR video
d=2mm
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[

3} 9l om,
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]

I3

=i
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=
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d
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Y
(P
11t
ko
1o
ro

Al 719k APD 37}

1 APD EX
Lﬂ EE‘" = % EM Simulation .m';;
Phantom E ]
Observation surface L é- 50 §
-
/4 Array Antenna i E
15‘9‘/‘ of . Yy N B [cm] 1
(o w W
'531 300 A 4
¥ | __ 300
' x —
. 10
Zo— unit : mm

Phantom _ Waveguide
< probe |

Horn antenna

OETRES

a9 2-18 AEA WY 7)dke] APD SAAAE oA [12]

% 2-188 AEA HMES 7Ive R g FedEEE(APD) H7HIH Y AHEHE AA
shoH12], 29 2-18 (a)oll&= AF3e 9a2 7] ¥ (regularized inverse source method,
ISM)<& 483 4 Al=gle 43 237t yepd Ak o] 7S 54 A-vka "oixl
QHeurell A WALE A7) o]l AEY FAAE F3HE W A H= AAVE S22
Y QtElY 23 SfellA 1 ol A A S AR S A

Ahell gatskd ISM daeglES 4 83ke] APD

3 571

2ol g
A
F

a9 2-18 WA= FAFNezE AP APD B¥XE 7|+2o =2 3L, o] uekst

A& 74 =4S &8 A Ao HuEdt. A" AlsEe

PPE(Polyphenylene Ether), PTFE(Polytetrafluoroethylene), 22 i & 7](air)°|H, =

M e wdes Zke widE FEn. vl A3 PPESE PTFE®] 4% Al&d el A

ZI& We] Hd 1 dB 59 Ao], &7]9 4 1.3 dB A= x5 Holw, Atd
T35

WHo] FAAcrE ARA e A3E Aeds S 5 An [31115-18]
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k< e/‘]ﬂoi 1%5’;} 22X, AA7e] g gt
gk A=A EA o] Thsstthe Aol 8ol Atk
E£3], RRA(Radio Resource Allocation) A& o] & A

AT Aol s, A" WF e 95 52 3 wixE Ha9
(probe) & &3 Ao A7 L 27 HeolHE AlgF §7]4 0=
o7 & 7|9k APDE F &5t B4 7t WA o] A&d

2]
Aled v HAH(TDMA)IW ] 93 22 75 X3S 454 G2 45
E T

AE Fel YA = AAp7Ise] A7leh F3F EEE
] T2 B DUTOA wAek Ax7] o] He o5
AlgE Ao o] AHE L& 7

;
o,
N
N
=2

>

}. =7 OTA(Over The Air Augmented) 7| o] &3 APD #H7}

=7} OTA(Over-the-Air Augmentation, OTAA) 21S Z8&3 APD(Absorbed
Power Density) H7}71% [3][41[19]& A A OTA =7 dHolg 9 Ax713 dufo] o3t
Ayt &4 (FEM, FDTD % Full-Wave Electromagnetic Simulation)S Z g3t <14
LE2ES AFHor =& HoHolth 1™ 2-19% o9k & OTAA 718 APD
H7F Axpe) TRl E5 S AlAA o E e Aol
o] 7| HAAAoE v dAR AN, v Z2 dAE gEH
; _

1AM = S48 i ZXOUD S $41 tHyv F3e A7) 84& tgs =4
oA OTA WA o= whE SAgT o7|o+= DUTS &4 =1, WA W3 de =4
ol gHET 2vAl= SAE OTA HlolHE ntg o= DUT FHe 45+ A7 13<
S7F A5 #3E(equivalent current distribution) BEIZ A G-k HA ol ol F=5H
7 ARe AA FALH A 9SS FstAl foh 3gAldAE A PR
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St AR EEE AR AlEGeAY oY o, MES
37 WelA el EM AlEd oIS Fagtt o749 571 AR tAd EY Jidez
stdE 4 dow, AA A AFE v dd Ve AlEdoldog oldld &
Atk 4GA= mp g o2 Ay FR|EA AE vNte R Y gR s EHo A
APD B ¥ Z AXteta Brlsts wA ot

ol9} -2 OTAA 71¥F {2 OTA A s4] te] s AALS A3 o=zA,
AA 7oA el DUT WAF 54 % QA =& H7F 119 AFAES g0 F+ Q=

Step 1: Electromagnetic field measurements

Two phasor components of the electromagnetic field radiated by the DUT are measured in
free-space over a surface encompassing the DUT.

v

Step 2: Reconstruction of the equivalent currents

The equivalent currents are reconstructed on a surface closely surrounding the DUT from
the measured data by means of a dedicated algorithm and imported as field sources into an
electromagnetic solver.

h

Step 3: Full wave simulations in the presence of the phantom

The inside of the equivalent source is filled with a perfect electric conductor to mimic the

interaction of the source with the phantom. The phantom is modelled in proximity of the

DUT digital twin according to what is required by the tested configuration (e.g. in terms of
distance and orientation).

¥

Step 4: Absorbed power density is computed.

The absorbed power density on the surface of the phantom is determined and the spatial-
peak averaged value is computed.

a9 2-19. 4 OTA 7<= ©]&3 APD ®H7} &AM = [3][4]

Type Manufacturer Model
Anechoic champer | "0N0% 2Nd Schwarz G ATS 1000
Measurement probe (du Rohde and Schwarz G
al polarized Vivaldi) mbH TEHAEEEE
Vector network analyze | Rohde and Schwarz G ZVAET
r miH
. . AMS 32 integrating FIA
Reconstruction algorith | Rohde and Schwarz G FTA (Technical Univers
m mbH :
ity of Munich}
Computational solver IMST GmbH Empire XPU
30 GHz 60 GHz
orsim | & a[5im] | &
2710 | 15,51 36,40 | 7,97

(b)

198 2-20. Validation of the OTAA for APD measurements [31[4]1[19]



e o], OTAA 7R el 445 s
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(SAR: specific absorption ratio), 7]
power density)= T-gtth, UREA O 2 o] FEAl 7] 7] A&
715 F34 10 GHzE SAH o2 81, 7|53 o]s
PD (Power Density)® T-#3kc}

SARE= 1A Wo &9 AFd A9 S-S Uehuy #d Joj= A 3-DE e
3 AHH20]

[W]kg] 21 (3-1)

A @B-DANA Py REA U FEHE dHE (W], m & A7zde] daF [kel,
o = IRxF =H-AE (conductivity) [S/ml, £ & AAS] RMS A7) [V/ml, p &
-z A U [kg/m’] & YRl Al F5Ee o] Al FeEs A93S
SAsoF st E HdAS F4E& A Aule AA dFelN ZEHE TS
SAY F A=F Au|Eolof gt}

g 3-12 AAZIFe] digk QA =F FUbA AFEEE WAE F5E(SAR,
Specific Absorption Rate) 578 1| 4 & HEMHATH21]. o] 548 Al&="

o7 A A Feo FAexT vHAn A, 9A R fxd AUFL Ay

gk 2B} o] AHWsHA ol FsA7E ER &, B4, dA S 2l
(phantom)¢} 2 HFE A¢= AA 24 FAF 1 5EAS 2+ &9, vAHe=
DUT(717)E nAst7] A3 AA 522 A€

2]

SAR 24 € oAl WNeld §48 A4S Brhehs BAolnw, A 243 fA1@
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oo ROW OSSR RO e R 9N ®
oF F A w W T Moo ™
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SRS

% (Power density, PD)
2l (3-2)¢} #o] Poynting vector]
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s [W/m?] or [m W/em?] 2 (3-2)

A (3N A= weldAe =7 [l F = A7 WE [Viml, # = A4 Wy

o] A8 A4 [A/m], Re + Poynting vector (EX;[:)PJ A ks ekl d st
AEdE= o9 "WHho] A4ty = 914 D v wel JAFIEHE XS (incident power
density, IPD)¢} S48 % (absorbed power density, APD)Z 82 4 At 2
gk} o] w2 Fue] Ag- QA wFEHe it AU dee] dWHHER
Xﬂoﬂﬁk ﬂ7}‘“ 5 g A o] Folxof strE wi ®WH oFe] AFEitdA FH
g kA EE R (IPD)E 128 F vk 19 F5& (SAR)H
Axr e e (PD)E 5 e AAIFaToAE A WA S55Es dx5E
aeshr] e A W F-el A uF 2w WA FAEdE (APD)E 183}
= zlo] dasih

Source: SPEAG, Schmid & Partner Engineering AG

IPD : External field test




A2d E-AEAE(APD) A=A

%

. h=] =2
A Azl BF AX] 75 4 e FHIZF 88tk SAR, APD, IPD 57 A~
RS s HHY AA R (flat phantom) o 4
FelE arelsioF sk, s <tHYve] FE7E AX oxE HASE F
ol )
= T

r

Lo gl ¥ oo g

oorr X

RRA
= 5 o« )

e o )
(1997)
eNED) o o IS
ouee 55 o
Souree: FCC/CNRRERENIC/ 371 B 0T 6GHz 10GHz Frequency'

a9 3-3. dAlx=E 7IEF35 (Yellow: SAR, Blue: PD)

6 GHz, 10 GHz, 30 GHz F3<9] six|telvt ¢ 30 GHz ti9 e FrdddE 9 At
AL 24 Axdeld g 2 & FE9] 71F el tia A7 2 A AS
o) oheu Tx % AUE M6 A8 54 S ojgd ke 2

z ol @ Astol i3 B4 Aalstn T}

it

X

Mm

_i'i

ot

o

fr

ol

4

r>~l

HhOe

=

e
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=

e
re &I‘

A7E AAF,
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2. ¢HY T=

7F. 6 GHz s #] <te|L}

a9 34 AFFUNA 6 GHz AH e T2 R 45 etk 19 3-4
(& dEt B4 Jeriel AX BRE Akskahs] A BA QeLte] 9 Aol
100 mm x 100 mm = AZstArt Hx] e FdA = FRAE A &3tA 3, T2+
1 mm o]t} FHY 3] 849 A7]= 11.2 mm x 11.2 mm ©|t}. 178 3-4 (bh)& 3x
F5E vehe 6 GHzol @482 ¢ &tk 19 34 (o) & A%
grelike] WASIE S ehivl, WA crelvhel WAHYFOR HAd) ghet o] So way

S oF 4= 9w 1 e 57 dBi ot}

éa;‘a

g
=
3
=W
Tmm
ERIEES A& (5.7dBi)
ANT_ONLY_6G - Lines 1
X
(h) Ao~ (c) WA E

a9 3-4. 1 x <Y (6 GHz)
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1. 10 GHz =] <telv

a9 3-5% Araiteld 10 GHz A <tely % 9 AsS dErdnh 19 3-5
()= QtelY E3E Yebliw 71X AxE FHAstst7] fla] A Qtelvte] o2 Apo]==
100 mm x 100 mm = AAsG T d %] etHye] FdA= FRAE A E31¥ 1, T4+
1 mm o]t} SHHY 3% 849 A7]+= 8656 mm x 6425 mm °|t}. 1% 3-5 (b)&=
= otelLte] T FuE YER 10 GHzel 84ES & & Atk 27 35 (0F
sf] Qtelvhe] WAL E S yER T, 3] eV Y] Ao R H rEH U o] 5o

s o 4 AL, 1 gk 64 dBi ot

rr

L 100mm
I 'l
A
8.65mm
- X
(] # 6425mm ‘3;
¢ Tmm
*
(a) St} &7
YT EA
(b) dadx (c) WA E

719 3-5. A <tElY (10 GHz)
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ok 30 GHz # %] <tHY

a9 3-62 ArEztelA 30 GHz A SHHY 7x 2 Aes yEY 2% 3-6
(@)= Sely J85 dehlim A #AakE F4ststr] fs) A Qbeue] o2 Apol==

-

e r

=

100 mm x 100 mm 2 A4k w32 ¢t fdA4+= FR4AE H &89, 57
1 mm ©oJt}. QFElY #X] 249 A7]= 4 mm x 45 mm °lth. 27 3-6 (b)+=
oteluve] &3 F342 Yetdy 10 GHzol dA4E S <4 5= vk 29 3-6 (0=

telvtel AN RS yvEhY, s A QHEve] PR FoR Ao Y o] 50

g & g AL, 2 gk 749 dBi ot

ue & &
o NN

L 100mm N
) |
—%5
4mm
0§ 45mm §
=]
vy

Tmm
b
e
] &
i ,n-*'\q X
7 A3
(b) I~ (c) BAHHE

19 3-6. A <tEIY (30 GHz)
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AbEE = EQFEIVY] ARYES UEREIT [21].

H30GVx+= Ka-band &<¢tH U9} Gunn 23 7](Gunn oscillator)E &Fube] S A

skl T A" HAEE FA AR, AAy A =% (IPD/APD) A=
gt 30 GHz T3 $AYoz ALEHTT o] FHl&= ISO 17025 7|+=o.= F37}

WAE 9lom IPD/APD 7t Aol AW HE @ ok Hrte] o] g¥t)

) 1
A9 T AA7E LE] Qo HHHOR B4 Absath Fa Adors, B4 Foh
= ot

i

30 GHzolwW, F34+ AIE 100 MHz, #A7]#(E-field) ¥+ A% (linear
polarization) &2 AAE o] v} 1%y A EAL -20 dBc F=° 1\3% WAL e
°F 14 dBm(¢f 25 mW)elt}. =Z7]+= 100 x 100 x 100 mm, A kgo 2 A ¥ o]

~Y A ol

System verification device consists of a Ka-band horn
antenna with corresponding Gunn oscillator packaged within

H30GVx a cube-shaped housing. Power supply provided.

* |SO 17025 calibrated frequency: 30 GHz for PD/APD
* Frequency accuracy: £100 MHz

* E-field polarization: linear

* Harmonics: -20 dBc (typ)

* Total radiated power: 14 dBm (typ)

* Power stability: 0.05 dB (after 30 min warmup)

* Power consumption: 5 W (max)

* Size: 100 x 100 % 100 mm

* Weight: 1 kg

¥ 3-7. &<y (Ka-band) [21]

a9 3-8 1" 3-79 AMYS EAMS AlEEelAd T x A4S uvEkdth 29 3-7
AA Fefjold W Fol] Ka tiels A st ESEIVZE s o
TE2E AFsHA EAFSETE 5 SHAY AV|= AA A7)

mmo. 2 AASHT. 1% 3-9%= ¥ 3-8 Ui AAH
2t UetdY, & <tV sl e A7 & 432 x 34 mm o]al EF
vo] AA dol= 997 mm=E A ASHA T

o
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Horn antenna w/ case

a9 3-8 EEY BAMEER (Aol £

Horn antenna only

43.2mm

A

34mm

99.7mm

Source <---

|_4
|"-

a9 3-9. EHEY BAFEER (Aol A A)
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9 3-103 2 3411

37

&

QtEIvke] &xle] 27 GHzol

=

UEfLE,
Bl ol 4

=
=

chelube] Jgshel whAbal

Ak 18 3-11 (a)

=

3-10

?_]__

=
- =

i)

=
= <

o 219 3-11 (b)

&

B
i)

Incident power wave

citation)

Air - source (Ex

Horn Antenna

Reflected power wave

- Air - source (Excitation}

Horn Antenna

e RNNE]
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Electric field
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WS vFor HelEE EIRPE $402 ABd6A d4e Fasan
A4 QA =% B A Hrh Aol aE Bl AedEs dr)

| 100mm ‘
I 'l
A
8.65mm
- .
[ ] # 6425mm g
e
v Tmm
4

(a) #§=] <telY (10 GHz)

V. > Phantom liquid

300mm

---------- >Phantom shell

“;\Antenna

(b) SAR, APD &A% (X ojelA *E3})

(c) IPD A 4% (2ol A m £33

a9 3-12. Al EdelA A T2
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AAv F4E(SAR) 2 Axy FFEAEUE(APD)O] ik A EHolAS 357
A= B QAAl(phantom)e] 74 AW ofye} sid 2o 483 F4d &
o7t Aoty & dAFolA = AAY f+d SA% = IEC/IEEE 62209-1528 3%
oA AAE dHolHE &t dd EFS A 10 GHzZHA o F34 ¥
gl 4 EA4S HAst o] 10 GHz 7% Z%ES 24349 29 3-1
IEC/IEEE 62209-1528 ©lo|E1E 7|Wto g Fut4o] utet ws}s)
EA(EL F4& 5)s AAA s el Aot [8][26].

rlr
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ﬁ,
td
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1o
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Dielectric properties of the tissue-equivalent medium
: Relative permittivity

Zs0
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B 45
E
13

¢ a0
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£ 35
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& 30
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20

0 2000 4000 6000 8000 10000 12000
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o) o
(a) B+ &
Dielectric properties of the tissue-equivalent medium
: Conductivity
14
L.

12

E10
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a3 6
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O g

2

0

0 2000 4000 6000 8000 10000 12000
Frequency [MHz]

19 3-130 2o Al 54 (8]
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Hy
Region 1 (5, , ;)
Region 2 (s, uz)

"‘C“-

%)

a9 314 47149 QAL WAL, R @4 (A

A7174] daksk E 7 el 1 (g p)ol A mE 2 (6 p) 2 AEE = TG A
st WA EooF Fatul B o] A BAl= A (3-3), A B3-4e T dednh ofH

HEALAl 5= (Reflection coefficient), 7 = F 34|95 (Transmission coefficient)©]™

g 25 A el vgE gddt (8]

Ir

e
oy

E cost; —n,cosf
o Tl i t 2 (3-3)
E, nycosf,+mn,cosb,

7

E, 2n,c0s0,
"7 E " yc080, 17,0080,

)

2 (3-3), A B-DelA 0, , 0, ,0, = A7l AA, WAL FazbE o),

ol FWolM FIPH= T
71 = gorm g QAL
ol = 9l dukHol FgAGe] xHA o] sty o] oSy o
(3-5)= L }E}

2
o,
o
(i,
>

"
4

o A
o
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0,=0,=0 2 (3-5)

2 (3-6), 2 3-NelA 0, , 0, = AHe] JAHZ, T4 e, 54 dads
Mo, M =N le 1=\ is/e ©ITh ARG s A5, dAE B Fazto]
0 (0,=0,=0)02 7}138% = Jormz F38& T = 24 (3-8)9 o] AT & Ut}

[21].

P 4
ot Ak —0,=0,=0 2 (3-8)
i (772+771)

a9 3-129 sA FFERAE RYQAAS} Stely ko] o]AAR T 0 mm 9l AF sLS
SHEHIUE AL of RojlA #59 A& Hlushd RodA|e] Fa&& Jtojdoz
golg 4= vk HIMHA 1 em? 4 em®ol U3 Fued FEAHUE(APD)S JAF
AEPEE(IPD) H&S 2 (3-99 R FHE&(Simulated T)Z A olstar zh7zte]
ANE FA skt 8]

. APD
Simulated T= 572 21 (3-9)

ol et eV ko] o]AARZE 0 mm 7k o A DUT QHH e} R

) 2l
Apelel #elolzt Frbwel 27 Fol Wb R Rk ERE WAT S 9w ole] upel
wahge] Anst gebd 5 ek
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wy/o Phantom with Phantom

Reflection Coeflicient Comparison
T T

= ANT only
-15 - 15 = = = ANT + Phantom | |

8 8.5 9 9.5 L] 1.5 11 11.5 12
Frequency |GHz|

29 3-15. bRy dE e HA s 3ol o] fud s

Antenna + Phantom 10.45 GHz -5.02dB -7.95dBi

2% 3-16. StElY ©E 3R A H 8 oMol stebule
29 3-172 <HEU vE 27 HAAF z2dolq F5APUE(APD), dAAHYE
71_:[:]. =

(IPD), A&} &4&(SAR) Al &7 o] A
HIPHA L 1 em?, 4 em?, AT F589) FIHAIA S 1g, 8g, 10g Z7olA 285t t).
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Avg. area Value Field distribution
1cm? 77.09
APD
[W/m?]
4cm? 26.59
1cm? 188.91
IPD
[W/m?]
4cm? 73.07
’ h .
SAR
89 1.05
[W/kg]
; - .

% 3-17. APD/IPD/SAR (QtHIY &
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37/]’ , APDsimulation

]

t}. APD using SAR2 W3HA S

&

1

e

173t 5

= 18~20% ol™ A

Avte] Aol

=
T

i+
_EH

ol
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fite)

olo
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1o

7

g

bz

2 A gstez A

X

= ©

Far 2 (3-8)

S

/t]_—

4 3-9)e Faew o

S
=

i+
_EB

0.520] ™,

49l Fahge
o}.

g 4 Atk 10 GHz Z7elA o] &
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511 Gain Conduction pwr
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Avg. area Value Field distribution
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t}. CASE 13 CASE 2 T&#4

CASE 1 ¥ CASE 2014 =&3 5382 20%°14 70% Fxoz2 AA| ol Fi&3}
&dsl Aelgh AdE Honh ol QMY v oA FxIa QbEveE Ko QlA
S A9 FHo] Aolate] HORIAR T EE WAL S A7) o] thEY]
m&olth o7 F kA AlE g ol ZZA(CASE 1, CASE 2)dlA Rl Ty =
A2A7174e] o] 7MY =2 B9E 44 559 1 2o 238 Fd FHES =&
Eig=d

1% 3-25+= CASE 13 CASE 29 APD®} IPD A3 5 2718 7P =2 3s 24

Aot} CASE 12 otHY 9E z7A0A HAgEgoern=Z IPD 237} 10 GHz

£ o
k)
lo Ay ot

oA 7FE =& HIAMA TS Holn, CASE 2% RoUA EgxzdoA HA3xo] =
AA7F £3E APD 273 SAR ZolA RolAd] w2 dEAdess Bl
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Avg. area Tem? 4om? Tem? 4em? 1g 8g 10g
CASE 1: ant tuning . 77.09 26.59 18891 73.07 6.32 | 1.05 . 0.86
CASE 2: phantom tuning 103.99 34,08 11223 46,17 835 135 1.0

% 3-25. CASE 13 CASE 2 A3

% 3-262 CASE 2¢] APD<®} CASE 14 IPDE o]&sle] =&3 FH&S UEY
o4 wusel wmE Fal AE oA o 6~10% FEolth Fzel w

= zx7
NN =&FH A3 228 Ay EW CASE 19AE 21.5~30%, CASE 294 += 42
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kel F7b Aol Wash,

Transmittance
1cm? 4cm?
APD/IPD 0.55 0.46
Transmittance 0.52
Error 5.86% 10.3%
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17.3 dBmo. 2 Lab#19] 158 dBmXETF =3k7] o]t

AAap JARAE D =IPD) 54 A3 JA] F AldAAA FAREE B3-S BATh
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Two Gaussian Distributions with Filled Area
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Sum of Two 1D Gaussians with Peak Estimation
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1 Sum of Two 1D Gaussians with Peak Estimation
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2D Gaussian Conlour Plot
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True Max vs Weighted Peak Estimates
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Separation Distance Criterion @ P3 peak point
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Separation Distance Criterion @ P3 peak point

Combined SAR vs. distance : SAR 1920[MHz]+SAR 2570[MHz]
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(3) Commercial model test : 835 MHz + 2570 MHz
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Volume scan @ B5

Volume scan @ B7

(a) 835 MHz (b) 2570 MHz
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® Combined SAR & exemption threshold (e.g. 0.58 @ 835MHz & 1.22 @ 2570MHz)

Smoothed Combined SAR at SAR1 peak vs. SARZ shift
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® Combined SAR & exemption threshold (e.g. 1.16 @ 1710MHz & 1.22 @ 2570MHz)

Smoothed Combined SAR at SAR1 peak vs. SARZ shift
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