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OTHOCHO: npoy4BaHe 3a HOBOCT Ha

“TepmMoperynupally Npo3opeyH naHa 3a eKpaHupaHe Ha BbHLLUHU

enekTpomMarHuTHU noneta” ¢ Bx.Ne Mp-190/11.12.2019

Mpoy4BaHeToO € HanNpaBeHO Bb3 OCHOBA Ha NPEACTABEHUTE MaTEHTHU MpeTeHLmW,
npeaCTaBEHOTO ONUCaHUe U NpUnoXeHaTa kbM Hero durypa. MNateHTHUTe npeTeHuun 1-7 ce
OTHAcAT [0 TepMoperynupalwiy npo30opeyHu MnaHa 3a ekpaH.iaHe Ha  BbHLWHK
eneKTPOMarH1UTHK noneTa.

CbrnacHo naTeHTHUTE npeTeHuumn 1 - 7:

TepMmoperynupawmnte  nNpo3opedHn naHa 3a  eKkpaHupaHe Ha  BBHLWHM
€NeKTPOMarHUTHMU noneTta CbAbPXaT EneKkTPonpoBOAMMU HaHOMPEXW, 3aKpeneHu KbMm
nposopun. HaHoMpexute ca NpospayvyHM KU ce NogabpXaT OT ranBaHW4YHO CBBLP3aHu C TAX
eNeKTPoNPOoBOAMMI pPaMKWM, MOHTUPaHW KbM BbHLWIHAaTa CTpaHa Ha fiposopuute. [saTa
AWarcHarnHu Kpasi Ha MpeXxuTe ca CBbp3aHu Npes aBToMaTuU3vpaH KOMNIOTbPEH ynpasnsasaly
BnoK KbM enekTpu4YecKkn U3TOYHUK, MpW KOETO CUrHaneH BXO4 Ha ynpasnssawmna 6nok e
CBbp3aH CbC CUrHaneH u3Bod Ha KOMOWHWpaH AaT4yuK 3a TeMmnepaTtypa W BIIaXHOCT Ha
BbTPEWHNA Bb3AyX. Ta3n Bpb3ka Moxe pna O6bae 6GeaxuwyHa. Pamkute ca necHo
OEMOHTUPYEMU WM Ca C MarHUTHO npunensaHe KbM nposopuute. HaHoMpexwute ca
CbCTaBEHW OT HEKOPOAWPALLM METanHW W TEKCTUNHW BnakHa. ENeKTpuYeckuAaT U3TOYHUK €
MHOrOKpaTHO  3apeXXgaeM  akymynatop OT  (DOTOBOMTAWMYHWU  i1RHENnU.  AKTUBHOTO
EeNeKTPUYECKO CLNPOTUBNEHME Ha HaHOMpexuTe e oT 25 Ao 35 nbTu MO-HUCKO OT TOBA Ha
noaabpXaluTe 1 enekTponpoBoAMMM paMku. HaHoMmpexuTe ca ¢ npasobrbnHa gopma u
ca MOHTUPaHWU Ha NPaBObLIMbIHU NOAABbPXKALLM MM ENEeKTPONPOBOAUMI PaMKu.

B pesyntaT Ha W3BbLPLWEHOTO MNpoy4BaHe Osxa HaMepeHu cneaHUTe [LOKYMEHTW,
KOWTO ca OTpaseHW B AOKMNaga OT MNPOydYBaHETO, OTHACAWM ce A0 TepMoperynupaliu
NPO30peYHU NaHa 3a eKpaHUpaHe Ha BbHLUHW ENEKTPOMarHUTHU nonera:

- B pokymeHT BG111816 A e paskput MHOrOGYHKLMOHANEH NpOo3opeL] ¢
OOMbIHUTENHO MNaHo, BKMOYBALL MPO30OpeYHa pamKa, KaTto OT BbTpellHaTa cTpaHa Ha
npo3opeLa e NOABMKHO MOHTUpaHa paMka Ha JONbMHUTENHOTO NaHO € BXOAALLW OTBOPK 3a
Bb3AYX W M3XOAALUM OTBOPM 33 Bb3AYX, KATO B HEro € MOHTMpaH enekTpoHarpesarten u
W3NbYBaATEN Ha YNTPABUOMETOBM NbYW, KOWTO Ce yNpaBnsBaT OT LUEHTpaneH nporpamupyem

[uvpekuma ,EkcrnepTusa v 3aKkpuna Ha M306peTeHnATa U NPOMULLINEHUTE AU3altHKU"



6nok 3a ynpaeBneHue. B ropHaTa Haii-BbHLIHA CTPaHa Ha Npo3opevHaTa pamka € MOHTMpaH
XOPW3OHTANEH Ban C MOABWKEH CEHHUK, BbPXY KOWTO e chukcupaH hoToBOMTanyeH naHern,
eNeKTPUYECKM CBbP3aH, MPEe3 KOHTPONep W erieKTpM4eckn akymynaTop, KbM BXOA Ha
TOKOM3TOYHWK 33 eneKkTpo3axpaHBaHe Ha enekTpoHarpesaTens W WanbyBaTens Ha
yNTPaBMONETOBW NbYM.

- B pokymeHT CN104951009 A e paskpuT npo3opel 3a enekTpoMarHWTHO
eKkpaHupaHe Ha KOMMITbp. Toil e oMopMEeH OT KOMMO3WTHW MaTepuanu 1 CbAbpxa
cpebbpHM HAHOMPOBOAHWLM, CMECEHW C HUKen-GOpHM 4acTMuM CcunuuMeB [ABYOKAC B
aKkpunHa cpega.

- B pokymeHt KR20120086606 A e paskpuT Mnpo3opel 3a ekpaHupaHe Ha
eneKTPOMarHUTHW BbMHW W NpefoTBpaTABaHE Ha KOHAEeH3auua Ha pocaTa nocpefcTBOM
BLIIEpoaeH HaHoTpybeH cwunm. lposopeubT € CbCTaBeH OT [Be CTbKIEHM Moy,
pa3nonoXeHN Ha pPa3CcTosHVe eAHa OT [pyra, KaTo OTCTpaHu Te ca 3anedataHn. GunmebrT,
HaHeceH BbpXy NroYuMTe npeanassa OT enNeKTPOMarHWTHWTE BbNHW W NpejoTeBpaTssa
KOHJEHCa Ha pocarta Yypes TONNWHa, reHepupaHda no Bpeme Ha npoueca Ha eKkpaHupaHeTo.

- B pokymeHT CN204031723 U e paskpuT nposopel, BbpXy KOWTO € 3aneneH
npo3payeH UM 3a ekpaHMpaHe Ha enekTpoMarHUTHW noneta. Toan unm e CbCTaBeH oT
cpebbpHM HAaHOMPOBOAHWULIN.

AHann3bT Ha o6eKkTUTe Ha NpoyYBaHETO N N3BECHUTE peLLeHnA NoKassa CriejHoTo:
HoBocTt

B HATO eAuH OT HaMepeHWTe npu Mpoy4YBaHETO [AOKYMEHTW He ca paskpwuTu
TEPMOPErynnpaLimTe MNpo30PeYHN MNaHa 3a eKpaHWpaHe Ha BLHLUHW EeneKTPOMarHUTHM
noneTta, KOMTO Oa BKMOYBAT BCUYKM Npu3HauyM Ha obekta Ha npoy4YyBaHETO, pasKpwuT B
naTeHTHUTE npeTeHumn oT 1 go 7.

e e
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CnepoBaTenHo, _Tepmoperynupaluvre npo3opeuHk naka 3a eraHmpaHe Ha BBHLIHA

—

HOBOCT “ChrnacHo un. 8 oT 3aKoHa 3a NaTeHTUTe W perucTpauuaTa Ha Mones3HuTe
mogenu (3MPIiM).
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a2y Patent Application Publication (0 Pub. No.: US 2022/0341251 Al

LEE (43) Pub. Date: Oct. 27, 2022
(54) INSULATING AND GLASS PANEL Publication Classification
SUPPORTING STRUCTURE OF WINDOW 1) Int.Cl
FRAME SASH IN CENTER BAR PORTION EO06B 367 (200601
AT WHICH TWO-SIDE SUPPORTING EO6B 326 (2006.01)
FRAME WINDOW SASHES OF SLIDING (52) US. CL
WINDOW OVERLAP CPC oo E06B 3/267 (2013.01); E06B 3/26

(2013.01)

(71) Applicant: FILOBE CO., LTD., Gyeongsan-si, (57) ABSTRACT

Gyeongsangbuk-do (KR) The present invention relates to a heat insulation and support

structure between a moving window (sliding window) and a
(72) Inventor: Kwang-Seog LEE, Dacgu (KR) fixed window constituting a sliding window system, or
between a moving window and another moving window.
More particularly, the present invention relates to a window
chassis insulating structure and a glass panel supporting
(mounting) structure including technical improvements in a

(21) Appl. No.:  17/630,626

(22) PCT Filed: Jul. 31, 2019 center bar portion in which a window chassis of a movable
window and a fixed window (or other movable window)
86) PCT No: PCT/KR2019/009551 overlap each other when a sliding window of a two-side
h supporting frame window having a two-sided supporting
§ 371 (c)(D), frame for supporting only both sides of a glass window

(2) Date: Jan. 27, 2022 constituting a sliding window system, is closed.
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INSULATING AND GLASS PANEL
SUPPORTING STRUCTURE OF WINDOW
FRAME SASH IN CENTER BAR PORTION

AT WHICH TWO-SIDE SUPPORTING
FRAME WINDOW SASHES OF SLIDING
WINDOW OVERLAP

TECHNICAL FIELD

[0001] The present invention relates to a heat insulation
and support structure between a moving window (sliding
window) and a fixed window constituting a sliding window
system, or between a moving window and another moving
window. More particularly, the present invention relates to a
window chassis insulating structure and a glass panel sup-
porting (mounting) structure in a center bar portion in which
a window chassis of a movable window and a fixed window
(or other movable window) overlap each other when a
sliding window of a two-side supporting frame window
having a two-sided supporting frame for supporting only
both sides of a glass window constituting a sliding window
system, is closed,

BACKGROUND ART

[0002] In general, when a sliding window (moving win-
dow) and a fixed window of four-side supporting frame
window type that support the four sides of the glass window
with thick supporting frames as a movable window (sliding
window) and a fixed window constituting a sliding window
system are used (FIG. 1a), as shown in a-a' cross-sectional
view (longitudinal cross-sectional view) of FIG. 15, the
sliding window system has a structure in which a roller
slides along a roller guide rail on a chassis frame 1 by
providing the roller installed on a lower part of a window
chassis 2a in which a glass is fitted. However, in case of a
four-side supporting frame window type, as shown in the
b-b' cross-sectional view (cross-sectional view) of FIG. 15,
there was no great difficulty in achieving both solid glass
supporting function and good thermal insulating function
through a shape and a structure of a portion where the glass
(glass panel) is inserted and fixed and a thick (80-100 mm)
center bar portion of the window chassis 2a that can pro-
vides insulating and sealing function as well as glass sup-
porting function when the sliding window (moving window)
and the fixed window are overlapped.

[0003] However, in recent years, as the openness of win-
dows is emphasized, a two-side supporting frame window
type sliding window (refer to FIG. 2a) supporting only both
sides of a glass window constituting a sliding window 1is
increasingly used. In an example of this two-side support
frame window type sliding window (example of Schueco’s
product in Germany), a two-sided window chassis 2b into
which a glass 2g is fitted exists only on both sides of the
glass 2g, and moreover for wide openness, the two-sided
window chassis 2b should have a narrow chassis width of
about 40 mm. And as shown in the cross-sectional view of
the [a-a'] line in FIG. 25, under the glass 2g, a lower glass
support insulation brackets 2p as a member (organic product
such as polyamide or PVC) that wraps the glass end for the
purpose of preventing damage, buffering, and insulation
without an aluminum chassis, is provided. As a roller 2r is
directly coupled to the lower glass support insulation bracket
2p, the sliding window of the two-side support frame
window type has a structure in which the roller 27 slides
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along the roller guide rail on the window frame 1. In
addition, as shown in the b-b' cross-sectional view of the
open state of FIG. 2¢ and the b-b' cross-sectional view of the
closed state of FIG. 24 and the enlarged view of the main
parts, among a thin side chassis parts 251 and 262 provided
in the inner and outer surfaces to support a glass side support
insulation bracket 2¢b attached to and coupled to the side of
the glass 2g, an aluminum metal outer cap 261 which has
relatively excellent holding force, should not extend to the
overlapping (closed state) portion CN of the sliding window
in order to improve thermal insulation performance. (When
aluminum is formed in a ‘ =’ shape, a heat transfer path is
connected from the inside to the outside, resulting in rapid
heat loss, which leads to a problem in that energy efficiency
is reduced and therefore surface condensation of water is
induced.) On the other hand, a synthetic resin (or carbon
fiber) inner cap 262 and the glass side support insulation
bracket 2gb are arranged adjacent to each other to form a
center bar portion. Here, mohair for wind/dust protection or
external and internal elastic gaskets (g-out, g-in in FIG. 2d)
for insulation are symmetrically installed and provide a
windproof structure.

[0004] Thanks to this structure, it is possible to achieve a
certain level of thermal insulation performance, however,
when the sliding window is closed, the force holding the
glass (2g) in the overlapping portion (CN) is weak. As a
result, there is a problem of exposing structural weakness
that excessive deformation occurs in the glass side support
insulation bracket 2gb made of synthetic resin in an envi-
ronment where strong wind acts on the glass.

[0005] On the other hand, as an example of a sliding
window of another two-side supporting frame window type
(refer to FIG. 2a) having a structure different from the
structure described above, in the example shown in FIGS. 3a
to 3d (Example of Sky-frame’s product in Switzerland), a
window chassis 24 into which a glass 2g is fitted exists only
on both sides of the glass 2g, and there is no aluminum
chassis under the glass 2g as shown in the cross-sectional
view of the line [a-a'] of FIG. 3a. In addition, as shown in
the b-b' cross-sectional view of the open state of the general
window of FIG. 35 and the double-opening window of FIG.
3¢, and the b-b' cross-sectional view and enlarged view of
the closed state of the double-opening window of FIG. 34,
among a thin side chassis parts 261 and 252 provided to
support a glass side support insulation bracket 2gb attached
and coupled to the side surfaces of the glass 2g from the side,
an aluminum metal outer cap 261 does not extend to the
overlapping (closed) portion (CN) of the sliding window for
improved insulation performance, and only a synthetic resin
inner cap 2562 and the glass side support insulation bracket
2gb are disposed adjacent to each other in the closed state.
However, in order to solve the problem of insufficient
rigidity (excessive deformation) according to the properties
of the material of the synthetic resin inner cap in the
overlapping portion CN when the sliding window is closed,
in the state where the assembly of the glass 2g is completed,
another cap 2gc being inserted into the gap portion between
synthetic resin inner cap 262 and the glass side support
insulation bracket 2gb in a wedge shape so that there is no
loose gap between them, is additionally provided.

[0006] However, before the assembly of the glass 2g is
completed, as shown in FIG. 3d of the accompanying
drawings, in the process of coupling the synthetic resin inner
cap 262 into the aluminum metal outer cap 251, as shown in
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FIG. 3d, they must be interconnected through a roller
compression processing process. At this time, due to a
protruding outer stepped portion 2bla of the aluminum
metal outer cap 251, it is difficult to draw into the roller, so
that processing thereof'is difficult. Furthermore, it is possible
to achieve a certain level of rigidity increase performance,
but due to the high deformability and plasticity of the
synthetic resin inner cap 2462, there is a problem in that
structural weaknesses due to large deformation occurring in
the synthetic resin inner cap 262 and the glass side support
insulation bracket 2gbh made of synthetic resin cannot be
completely eliminated in the environments where strong
winds act on the glass. This situation occurs because the
force itself that holds the glass 2g from the side at the
overlapping portion CN when the sliding window is closed
is not increased.

[0007] As an example of a sliding window (refer to FIG.
2a) of a two-side support frame window type of another
structure, in the example shown in FIGS. 4a to 4¢ (an
example of a product manufactured by ‘Panoramah’ of
Switzerland), the material of an inner cap 252 that supports,
from the inside, a glass side support insulation bracket 2gh
corresponding to the portion holding the glass 2g from the
side in the overlapping portion (CN) when the sliding
window is closed, is also a soft synthetic resin material.
Therefore, it has structural weaknesses in the same meaning.

Technical Problem

[0008] The present invention is to solve the problems of
the prior invention of the applicant of the present application
described above. It is a technical problem of the present
invention to provide a specially improved structure for the
component corresponding to the inner cap 252 in the prior
art so as to control the deformation of the glass side support
insulation bracket 2gb in a window type sliding window
with a two-side supporting frame that supports only both
sides of the glass window constituting the sliding window,
in order to maintain good thermal insulation function and to
secure better glass panel fixing function in constituting a
narrow window chassis 25 that exists only on both sides of
the glass 2g, even if a structure is adopted that the aluminum
metal outer cap 2b1, which has relatively excellent fixing
support, does not extend to the portion CN where the sliding
window overlaps (when closed) in order to improve its
thermal insulation performance, among the thin side chassis
parts 261 and 262 provided to support the glass side support
insulation bracket 2gb attached to and coupled to the side
surface of the glass 2g from the inner and outer surfaces.

Technical Solution

[0009] In order to solve the above-described technical
problem, the present invention provides a window chassis
insulating structure and glass panel supporting structure of
two-side support frame window chassis at the center bar
portions where the two-side support frame window chassis
overlap each other when a sliding window closed, in a
sliding window system of two-side support frame window
type that supports only both sides of the glass windows
constituting the sliding window,

[0010] wherein a structure is provided in which a roller is
directly coupled to a lower glass support insulating bracket
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(soft material) without an aluminum chassis under the glass
panel and slides along the roller guide rail on the window
frame,

[0011] wherein the window chassis insulating structure
and glass panel supporting structure comprises,

[0012] glass support insulation brackets attached to a side
of each of glass panels;

[0013] side chassis portions made of an aluminum mate-
rial provided to support the glass support insulation brackets
from inner and outer surfaces;

[0014] protruding edge portions and first fitting slots pro-
vided on inner extension support ends extending from the
side chassis portions to the center bar portions;

[0015] side elastic insulating support assemblies compris-
ing a first plates slidably coupled to the first fitting slots: a
second plates disposed to be spaced apart from the first
plates in a side direction of the glass panels and provided to
support the side surface of the glass support insulation
brackets: and heat insulating connectors of elastic material
coupled between the first plates and the second; and
[0016] rigid support members formed to be additionally
fitted in a wedge manner into the first plates of the side
elastic insulating support assemblies and, at the same time,
into the protruding edge portions of the side chassis portions,
[0017] wherein the rigid support members being provided
as a reinforced synthetic resin material in a symmetrical
direction in which the window chassis overlap each other on
the side surfaces of the side elastic insulation support
assemblies, respectively, in order to control displacement or
deformation width of the side elastic insulating support
assemblies so as to increase force holding the glass panels at
side.

[0018] Herein, the rigid support members preferably com-
prise;
[0019] fitting slots into which extended ends of the second

plates of the side elastic insulating support assemblies are
fitted and coupled;

[0020] step edge portions engaged with the protruding
edge portions provided on inner extension support ends
extending from the side chassis portions to the center bar
portions; and

[0021] protruding side support ends between the fitting
slots and the stepped edge portions.

[0022] Furthermore, protruding fitting ends are provided
on opposite surfaces of the first plates and the second plates,
respectively, into which both ends of the heat insulating
connectors coupled therebetween are fitted, and the protrud-
ing fitting ends are formed to abut against and support the
protruding side support ends of the rigid support members.
[0023] More preferably, the rigid support members further
comprise gasket grooves 11¢3, 21¢3 to which elastic gaskets
12, 22 are coupled as air tightness blocking members in a
direction opposite to the other symmetrically overlapping
window chassis.

Advantageous Effects

[0024] According to the insulating structure and glass
panel supporting structure of the window chassis at the
center bar portion where the two-side support frame window
chassis overlap each other in the sliding window of the
present invention, through a heat insulating connector made
of an elastic material coupled between the first plate and the
second plate constituting the side elastic heat insulating
support assembly that is slidably coupled to the inner
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extension support ends extending from the side chassis
portions to the center bar portions, a basic heat insulation
function can be obtained. In addition, the force for holding
the glass panels from the side may be increased through the
rigid support members provided to be simultaneously
wedge-coupled to the first plate of the side elastic insulating
support assemblies and the protruding edge portions of the
side chassis portions.

[0025] In the sliding window system employing the struc-
ture according to the present invention, while maintaining
good thermal insulation performance, at the same time, by
increasing the force holding the glass panels from the side,
it has a more stable deformation absorption capacity against
the displacement or deformation of the glass panel support
brackets (glass support insulation brackets made of flexible
and soft material) generated by wind pressure. In addition,
by allowing the width of displacement or deformation to be
controlled within an appropriate range, it also provides the
effect of securing more excellent stability by alleviating the
risk that may be caused by excessive deformation.

DESCRIPTION OF DRAWINGS

[0026] FIGS. 1a to 1c are views showing a conventional
general sliding window system, showing a sliding window
having a window chassis supporting glass at four sides.

[0027] FIGS. 2a to 2d are views showing sliding windows
improved from the general sliding window system shown in
FIGS. 1a to 1¢, and the openness of the windows is
emphasized in this improvement. Theses drawings are a
schematic view showing an example of a sliding window
installation structure in which the two-side supporting frame
supports only both sides of the glass panels constituting the
sliding windows (two-side supporting windows type) and
glass is directly placed on the upper part of the roller without
an aluminum window chassis under the lower part of the
sliding window.

[0028] FIGS. 3a to 3e are views showing another example
of a sliding window of a two-side supporting frame window
type, and FIGS. 4a to 4c are views showing additional
example for two-side supporting frame window type.

[0029] FIG. 5a is a front view showing a sliding window
installation structure (insulating structure and glass panel
supporting structure of a window chassis at a center bar
portion where two side support frame window chassis
overlap each other) according to the present invention, and
FIG. 5b shows a cross-sectional view along line al-al' of
FIG. 5a and a cross-sectional view along line a2-a2' of FIG.
Sa.

[0030] FIG. 5¢ is a cross-sectional view taken along line
b-b' of FIG. 5a, and is a view showing a change operation
between an open state and a closed state of the sliding
window.

[0031]

[0032] FIGS. 6a to 6e show step-by-step diagrams in
which the insulating structure of the window chassis and the
glass panel support structure are assembled in stages at the
center bar portion where the two-side support frame window
chassis overlap each other in order to achieve the sliding
window installation structure according to the present inven-
tion.

FIG. 5d is an enlarged view of [Part-C] of FIG. 5¢.
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MODES OF THE INVENTION

[0033] Hereinafter, embodiments that are easily per-
formed by those skilled in the art will be described in detail
with reference to the accompanying drawings. However, the
embodiments of the present invention may be achieved in
several different forms and are not limited to the embodi-
ments described herein.

[0034] As described above, in the sliding window
improved to increase the openness of the windows, the
present invention provides new window chassis insulating
structure and glass panel supporting structure at the center
bar portion where the two-side support frame window
chassis having a relatively narrow frame width compared to
the four-side support window chassis, overlap each other.
According to a preferred embodiment of the present inven-
tion illustrated through the drawings shown in the accom-
panying drawings FIGS. 5a to 6e, glass panels 10g, 20g
forming a fixed window 10 or a movable window 20
constituting the sliding window supports only both sides of
the chassis with an aluminum chassis, and a structure is
provided in that rollers are directly coupled to the lower
glass support insulation brackets without an aluminum chas-
sis at the lower portions of the glass panels 10g and 20g, so
that they slide along roller guide rails on the window frame
100.

[0035] According to such a preferred embodiment of the
present invention, when the sliding windows 10 and 20 in
the sliding window system of the two-side supporting frame
window type are closed (the state of the upper figure in FIG.
5c¢), a structure for insulating and supporting glass panels of
the window chassis 11 and 21 at the center bar portion
([Part-C]) where the two-side support frame window chassis
11 and 21 overlap each other, is provided,

[0036] the window chassis insulating structure and glass
panel supporting structure comprises, as shown in FIG. 5¢
and FIG. 54 which are enlarged views of its main part,
[0037] glass support insulation brackets 10a, 20a attached
to a side of each of glass panels 10g, 20g;

[0038] side chassis portions 11a, 21a made of an alumi-
num material provided to support the glass support insula-
tion brackets 104, 20a from inner and outer surfaces;
[0039] protruding edge portions 11ae, 21ae and first fitting
slots 11als, 21als provided on inner extension support ends
11al, 21al extending from the side chassis portions 11a,
21a to the center bar portions;

[0040] side elastic insulating support assemblies 115, 215
comprising a first plates 1161, 2151 slidably coupled to the
first fitting slots 11als, 21als: a second plates 1152, 2152
disposed to be spaced apart from the first plates 1151, 2151
in a side direction of the glass panels and provided to support
the side surface of the glass support insulation brackets 10a,
20a: and heat insulating connectors 1163, 2153 of elastic
material coupled between the first plates 1151, 2151 and the
second plates 1152, 2152; and

[0041] rigid support members 1lc, 21¢ formed to be
additionally fitted in a wedge manner into the first plates
1151, 2151 of the side elastic insulating support assemblies
115, 215 and, at the same time, into the protruding edge
portions 1lae, 21ae of the side chassis portions 11a, 21a,
[0042] wherein the rigid support members 11c, 21¢ being
provided as a reinforced synthetic resin material in a sym-
metrical direction in which the window chassis 11, 21
overlap each other on the side surfaces of the side elastic
insulation support assemblies 115, 215, respectively, in
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order to control displacement or deformation width of the
side elastic insulating support assemblies 1154, 215 so as to
increase force holding the glass panels 10g, 20g at side while
maintaining the thermal insulation performance.

[0043] Herein, the rigid support members 11¢, 21¢ pref-
erably comprise; fitting slots 1lcls, 21¢ls into which
extended ends 1152a, 2152a of the second plates 1152, 2152
of the side elastic insulating support assemblies 1154, 215 are
fitted and coupled; step edge portions 11cle, 21cle engaged
with the protruding edge portions 11ae, 21ae provided on
inner extension support ends 11a1, 2141 extending from the
side chassis portions 11a, 21a to the center bar portions; and
protruding side support ends 11¢1, 21¢1 between the fitting
slots 11els, 21cls and the stepped edge portions 1lcle,
2lcle.

[0044] On the other hand, as shown in FIG. 6c, a certain
gap t of clearance is maintained between the fitting slots
11cls, 21cls and the extended ends 1152a, 2152a of the
second plates 1152, 2152 of the side elastic insulation
support assemblies 115, 215, whereby enabling a certain
range of elastic movement or deformation of the second
plates 1152, 2152, and elastically supporting the side sur-
faces of the glass support insulation brackets 10a, 20a
supporting the glass panels within a set displacement or
deformation range. Therefore, it becomes possible to alle-
viate deformation or damage so that glass breakage can be
prevented.

[0045] In addition, protruding fitting ends are provided on
opposite surfaces of the first plates 1151, 2151 and the
second plates 1152, 21562, respectively, into which both ends
of the heat insulating connectors 1153, 2153 coupled ther-
ebetween are fitted, and the protruding fitting ends (both
sides rolling pressing process may be performed for a strong
bond) are formed to abut against and support the protruding
side support ends 11¢1, 21¢1 of the rigid support members
11c, 21c.

[0046] Preferably, the rigid support members 1l¢, 21c
further comprise gasket grooves 11¢3, 21¢3 1o which elastic
gaskets 12, 22 are coupled as air tightness blocking members
in a direction opposite to the other symmetrically overlap-
ping window chassis.

[0047] And the elastic gaskets 12, 22 serving as air tight-
ness blocking members comprises fixed ends fitted into the
gasket grooves 11¢3, 21¢3 and fixed to the sliding window;
and elastically deformable ends elastically deformed out-
wardly in contact with the rigid support members of the
other opposing window chassis.

[0048] On the other hand, the insulating and glass panel
supporting structure of the window chassis 11 and 21 at the
center bar portions ([Part-C]) where the two-side support
frame window chassis 11 and 21 configured as described
above overlap each other, is completed through the assembly
steps shown in the drawings of FIGS. 6a to 6e and is
implemented in the sliding window system.

[0049] Firstly, as shown in FIG. 6a, by inserting and
assembling the first plates 1151 and 2151 of the side elastic
insulation support assemblies 115 and 215 into the first
fitting slots 1lals, 21als on one surface of the inner
extension support ends 11a1 and 21al of the side chassis
portions 11a and 21a made of aluminum, in a sliding manner
along the longitudinal groove, and the side ends of the first
plates 1151 and 2151 are elastically deformed by the rear
surfaces of the protruding edge portions 11ae and 21ae and
the rear surfaces of the outer protruding ends 1142 and 2142
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providing both jaws of the first fitting slots 11a1s and 21als,
and therefore the first plates 1151 and 2141 are firmly fitted
and fixed into the first fitting slots 11als and 21als.
[0050] After that, as shown in FIG. 6, sealant is applied
to one side of the side elastic insulating support assembly
115 and 21b, and the rigid support members 11¢ and 21c¢ are
press-fitted in a wedge manner to strengthen the side support
and structurally make a symbol of ‘<=’ (channel type)
complete.

[0051] Here, the second fitting slots 11cls, 21cls of the
rigid supports 11c, 21c¢ are plugged in and joined to the
extension ends 1162a, 2162a of the second plates 1152,
2152 of the side elastic insulation support assemblies 115,
21b, simultaneously the stepped edge portions 11cle, 21cle
are engaged with the protruding edge portions 1lae, 21ae
provided on the inner extension support ends 1lal, 21al
extending from the side chassis portions 11a, 21a to the
center bar portions, and the protruding side support ends
11cl, 21¢1 are inserted into the space between the second
fitting slots 11cls, 21cls and the stepped edge portions
1lcle, 21cle, thereby in a state in which the stepped edge
portions 1lcle, 21cle and the protruding edge portions
1lae, 2lae are pressed in a wedge manner by corner
engagement, rotation or deformation of the rigid support
members 11¢, 21c¢ in the direction indicated by arrows as
shown at the top of the FIG. 6c¢ is strongly prohibited. In this
way, while forming one strong support structure to the
outside, meanwhile to the inside, the extension ends 1152a,
21h2a of the second plates 1152, 2152 of the side elastic
insulating support assemblies 115, 215 are fitted into the
second fitting slots with an appropriate clearance t, it is
possible to solve the assembly tolerance problem. As well
as, even when the continuous strong wind exerts pressure on
the glass panels 10g, 20g, the glass panels 10g and 20g and
the glass support insulation brackets 10a and 204 supporting
them can elastically absorb this displacement even in a
situation in which displacement must occur within a set
range.

[0052] In addition, the first plates 1151, 2141 and the
second plates 1152, 2152 of the elastic insulating support
assemblies 115, 215 are made of an aluminum material so as
to have a predetermined rigidity and elasticity necessary for
a function as a glass panel supporting. It is also made
possible to prevent heat loss (blocking heat flow) by the
insulating connectors 1143, 2153 made of an elastic material
that interconnects them in the middle.

[0053] As shown in FIG. 64 in the state of FIG. 6¢, in
concave portions adjacent to outer protruding ends 11a2,
21a2 forming the first fitting slots 11als, 21als on one
surface of the inner extension support ends 11a1 and 21al
of the side chassis portions 11a and 21a, left and right height
correction insulation supports 11d, 21d are provided so as to
provide a heat insulation function while supporting the glass
support insulation brackets 10a, 20a at the same height from
the inside and the outside, after additionally applying the
sealant, the glass supporting insulation brackets 10a, 20a
supporting the glass panels 10g, 20g are fitted together with
the glass panels 10g, 20g. At this time, the inner spaces 1145,
21ds are filled with silicon, and in addition, second protrud-
ing side support ends 11¢2, 21¢2 are provided in the rigid
support members 11¢ and 21c as shown in FIG. 6e. The
finishing work is completed by additionally extending and
providing foam rubber insulating gaskets 1le and 2le
between the second protruding side support ends 11¢2 and
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21¢2 and the glass panels 10g and 20g. Thereby, the rotation
of the rigid support members 11¢, 21¢ in a direction opposite
to the direction of the arrow in FIG. 64 (rotation in the
opposite direction to the rotation prevented in FIG. 6d) is
also controlled and prevented by the assembled glass panels
10g, 20g and the glass supporting insulation brackets 10q,
20a, the stability of the entire device can be further supple-
mented and maintained.

[0054] In the above, while describing in detail a preferred
embodiment of the present invention is applied to window
having a pair of glass in which a plurality of glass panels
10g, 20g are formed by overlapping each other by bonding
with a predetermined interval and a sealing member there
between to realize a vacuum in the gap. However, it should
be understood that the terms of glass panels are not to be
constructed as limiting the scope of the present invention,
and various modifications and improvements by those
skilled in the art using the basic concept of the present
invention defined in the following claims are also within the
scope of the present invention.

1-7. (canceled)

8. A structure of auxiliary locking device of a hinged door,
characterized in that as an opening and closing device for a
hinged door 1, the driving plate 110: 110[1], 110]2]
upwardly and downwardly moved by a switching device 100
constituting the auxiliary locking device of a hinged door, is
respectively disposed in the upper section and in the lower
section of the area in which the first locking tool 1%, 1s, 1sa
and the second locking tool 1ph, 1p, 1pv are installed, which
are provided as the main locking device for security between
the rotating opening side of the hinged door 1 and the door
frame 1a side, and sliding pockets 110a at the upper and
lower portions are installed separately in the longitudinal
direction on the side of the door frame la in order to
accommodate the driving plates, respectively,

a connecting plate 210 is provided as a connecting means
installed so as to reciprocate between the upper and
lower sliding pockets 110a and interconnect the upper
and lower drive plates 110[1], 110[2] that are separately
installed up and down, wherein the connecting plate
210 comprising an upper connecting plate 211 con-
nected to the lower end of the upper driving plate
110[1], and a lower connecting plate 212 connected to
the upper end of the lower driving plate 110[2] and
connected so that the upper connecting plate 211 is not
separated in the longitudinal direction but can be sepa-
rated only in the front-rear direction,

a base plate 220 is provided, wherein the base plate 220
being installed between the upper and lower sliding
pockets 110a separated and separated to each other to
support the bottom surface of the connecting plate 210
and to guide the vertical movement of the connecting
plate 210, and

a cover plate 230 is provided on an upper surface of the
base plate 220 to be spaced apart from each other by a
height exceeding the thickness of the connecting plate
210 in order to form an operating space allowing the
connecting plate 210 to move in the longitudinal direc-
tion,

wherein a pocket installation groove 233 in which a
cylinder pocket 1sa accommodating a locking cylinder
is constituting the first locking tool is installed is
provided on the upper surface of the cover plate 230,
and
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wherein the cover plate 230 and the connecting plate 210
are provided with locking piston through holes 234,
212b, respectively, so that the lateral operating range of
the locking piston 1p constituting the second locking
tool can reach the base plate region.

9. The structure of auxiliary locking device of a hinged
door of claim 8, wherein the auxiliary locking device for a
hinged door including the switching device 100 is addition-
ally provided in order to realize a close contact state to a
door frame 1a of a hinged door 1 provided with two or more
locking tools ‘1%, 1s, 1sa’, “1ph. 1p, 1pv’ as a main locking
device for security, the auxiliary locking device of a hinged
door comprises;

a plurality of close contact guide plates 130 that are

installed longitudinally and spaced apart from the rotat-
ing opening side of the hinged door 1;

a plurality of pressure rolls 120 provided longitudinally
spaced apart from the door frame 1a side so that in a
state in which the rotating opening side of the hinged
door 1 is closed on the door frame 1a side, in a contact
state with the close contact guide plates 130, the
rotating opening side of the hinged door 1 is pulled
toward the door frame 1a side, thereby implementing a
compressed locked state, and so that in a non-contact
state with the close contact guide plates 130, a uncom-
pressed locked state of the rotating opening side of the
hinged door 1 against the door frame 1a side is imple-
mented;

a driving plate 110 installed in a sliding pocket 110a
provided in a longitudinal direction on the door frame
side so that the pressure rolls 120 can be installed to be
slidably movable in a longitudinal direction from the
side of the door frame 1a, and provided so that the
pressure rolls 120 are spaced apart in the longitudinal
direction on the front side; and

a switching device 100 installed in the door frame 1a so
that the second pressure roll 1205 switches between a
contact compressed state position with the close contact
guide plate 130 and a non-contact uncompressed state
position through a longitudinal movement displace-
ment, so that can induce a corresponding longitudinal
movement displacement of the driving plate 110 by
providing a longitudinal movement displacement by
engaging with at least one first pressure roll 120a
among the pressure rolls 120 installed on the driving
plate 110, and so that can generate the longitudinal
movement displacement of the remaining second pres-
sure roll 12056 induced by the longitudinal movement
displacement of the drive plate 110.

10. The structure of auxiliary locking device of a hinged
door of claim 8, wherein the connecting plate 210 installed
to interconnect the upper driving plate 110[1] and the lower
driving plate 110[2] installed separately in the vertical
direction, in order to be connected so that the upper con-
necting plate 211 and the lower connecting plate 212 are not
separated from each other in the longitudinal direction but
can be separated only in the front and rear direction, is
characterized in that the lower end of the upper connecting
plate 211 includes a male fastener 211a, and the upper end
of the lower connecting plate 212 includes a female fastener
212a that is fastened in a front-rear direction fitting method.

11. The structure of auxiliary locking device of a hinged
door of claim 10, characterized in that the cover plate 230 is
rigidly fixed to the door frame 1a by a fastening piece fsl
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penetrating the cover plate 230 and the base plate 220, and
so that the movement of the connecting plate 210 in the
vertical direction is not disturbed by the fastening piece fs1
that is fastened through the cover plate 230 and the base
plate 220, a fastening piece through-hole 2115 having a long
hole shape is provided at a predetermined central position of
the upper connecting plate 211, and a locking piston
through-hole 21256 is provided at a predetermined central
position of the lower connecting plate 212.

12. The structure of auxiliary locking device of a hinged
door of claim 8, wherein the structure in which the cover
plate 230 is spaced apart from the base plate 220, is
implemented through a spacer 222 provided to support a
portion of the upper surface of the base plate 220 and a
portion of the bottom surface of the cover plate 230.

13. The structure of auxiliary locking device of a hinged
door of claim 12, wherein the spacer 222 is integrally
protruded from the upper surface of the base plate 220, and
a mounting groove is additionally provided on the lower
surface of the cover plate 230.

14. The structure of auxiliary locking device of a hinged
door of claim 11, wherein a pocket installation groove 233
in which a cylinder pocket 1sa for accommodating the
locking cylinder is constituting the first locking tool is
fixedly installed is provided on the upper surface of the
cover plate 230, and

a locking piston through-hole 234 is also provided in the

cover plate 230 at a position corresponding to the
formation position of the locking piston through-hole
212b of the lower connecting plate 212 so that the
lateral operating range of the locking piston 1p consti-
tuting the second locking tool can reach the base plate
220 region.

15. The structure of auxiliary locking device of a hinged
door of claim 14, wherein the base plate 220 is provided with
a locking piston through-hole 224 at a position correspond-
ing to the provision position of the locking piston through-
hole 2125 of the lower connecting plate 212.

16. The structure of auxiliary locking device of a hinged
door of claim 9, wherein the connecting plate 210 installed
to interconnect the upper driving plate 110[1] and the lower
driving plate 110[2] installed separately in the vertical
direction, in order to be connected so that the upper con-
necting plate 211 and the lower connecting plate 212 are not
separated from each other in the longitudinal direction but
can be separated only in the front and rear direction, is
characterized in that the lower end of the upper connecting
plate 211 includes a male fastener 211a, and the upper end
of the lower connecting plate 212 includes a female fastener
212q that is fastened in a front-rear direction fitting method.

17. The structure of auxiliary locking device of a hinged
door of claim 16, characterized in that the cover plate 230 is
rigidly fixed to the door frame 1a by a fastening piece fsl
penetrating the cover plate 230 and the base plate 220, and
so that the movement of the connecting plate 210 in the
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vertical direction is not disturbed by the fastening piece fs1
that 1s fastened through the cover plate 230 and the base
plate 220, a fastening piece through-hole 2115 having a long
hole shape is provided at a predetermined central position of
the upper connecting plate 211, and a locking piston
through-hole 21256 is provided at a predetermined central
position of the lower connecting plate 212.

18. The structure of auxiliary locking device of a hinged
door of claim 17, wherein a pocket installation groove 233
in which a cylinder pocket 1sa for accommodating the
locking cylinder is constituting the first locking tool is
fixedly installed is provided on the upper surface of the
cover plate 230, and

a locking piston through-hole 234 is also provided in the

cover plate 230 at a position corresponding to the
formation position of the locking piston through-hole
2125 of the lower connecting plate 212 so that the
lateral operating range of the locking piston 1p consti-
tuting the second locking tool can reach the base plate
220 region.

19. The structure of auxiliary locking device of a hinged
door of claim 18, wherein the base plate 220 is provided with
a locking piston through-hole 224 at a position correspond-
ing to the provision position of the locking piston through-
hole 2125 of the lower connecting plate 212.

20. The structure of auxiliary locking device of a hinged
door of claim 9, wherein the structure in which the cover
plate 230 is spaced apart from the base plate 220, is
implemented through a spacer 222 provided to support a
portion of the upper surface of the base plate 220 and a
portion of the bottom surface of the cover plate 230.

21. The structure of auxiliary locking device of a hinged
door of claim 20, wherein the spacer 222 is integrally
protruded from the upper surface of the base plate 220, and
a mounting groove is additionally provided on the lower
surface of the cover plate 230.

22. The structure of auxiliary locking device of a hinged
door of claim 11, wherein a pocket installation groove 233
in which a cylinder pocket 1sa for accommodating the
locking cylinder is constituting the first locking tool is
fixedly installed is provided on the upper surface of the
cover plate 230, and

a locking piston through-hole 234 is also provided in the

cover plate 230 at a position corresponding to the
formation position of the locking piston through-hole
212b of the lower connecting plate 212 so that the
lateral operating range of the locking piston 1p consti-
tuting the second locking tool can reach the base plate
220 region.

23. The structure of auxiliary locking device of a hinged
door of claim 14, wherein the base plate 220 is provided with
a locking piston through-hole 224 at a position correspond-
ing to the provision position of the locking piston through-
hole 2125 of the lower connecting plate 212.
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(57) ABSTRACT

A thermal insulation device includes a film unit including
inner and outer layers and a thermal insulation unit. The
outer layer is mounted to a window of a vehicle. The inner
layer has a peripheral portion connected sealingly to the
outer layer, and a center portion spaced apart from and coop-
erating with the outer layer to define a thermal insulation
space therebetween. The film unit is formed with inlet
holes communicating with the thermal insulation space
and a seating space of the vehicle, and outlet holes commu-
nicating with the thermal insulation space and open toward
the bodyshell, such that air in the seating space flows into
the thermal insulation space through the inlet holes and is
discharged from the thermal insulation space toward the
bodyshell through the outlet holes. The thermal insulation
unit includes a heat insulation layer disposed on the outer
layer.
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THERMAL INSULATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese
Invention Patent Application No. 110130734, filed on
Aug. 19, 2021.

FIELD

[0002] The disclosure relates to a thermal insulation
device, and more particularly to a thermal insulation device
adapted to be mounted on a vehicle.

BACKGROUND

[0003] In general, a black body radiation of a window
glass of a car, which 1is also known as an emissivity of the
window glass after being exposed to sunlight, is about 0.84.
When sunlight hits the car window, a portion of the sunlight
1s reflected back directly, another portion of the sunlight
enters into an interior space of the car through the window
glass, and a remaining portion of the sunlight, e.g., 84% of
the sunlight, is absorbed by the window glass as radiant
heat. Next, the radiant heat absorbed by the window glass
will also radiate into the interior space of the car and then
out of the car. As a result, temperature inside the car will
rise. In response to the rising temperature, some manufac-
turers or car owners would attach a conventional thermal
insulation film to the window glass for shielding against
the sunlight. However, performance of the conventional
thermal insulation film is generally unsatisfactory because
heat absorbed by the conventional thermal insulation film
may also radiate into the interior space of the car.

SUMMARY

[0004] Therefore, an object of the disclosure is to provide
a thermal insulation device capable of alleviating at least
one of the drawbacks of the prior art.

[0005] According to an aspect of the disclosure, a thermal
insulation device is adapted to be mounted to a vehicle. The
vehicle defines a seating space therein and includes a vehicle
body. The vehicle body includes a bodyshell and a window
that is mounted to the bodyshell. The thermal insulation
device includes a film unit and a thermal insulation unit.
The film unit is adapted to be mounted to the vehicle body
for covering an inner surface of the window that faces the
seating space, is light transmissive, and includes an outer
layer and an inner layer. The outer layer is adapted to be
mounted to the inner surface of the window. The inner
layer is mounted to the outer layer such that the outer layer
is disposed between the inner layer and the window. The
inner layer has a peripheral portion connected sealingly to
the outer layer, and a center portion spaced apart from and
cooperating with the outer layer to define a thermal insula-
tion space therebetween. The film unit is formed with a plur-
ality of inlet holes that are in spatial communication with the
thermal insulation space and that are adapted to communi-
cate with the seating space, and a plurality of outlet holes
that are in spatial communication with the thermal insula-
tion space, that are disposed above the inlet holes, and that
are adapted to be open toward the bodyshell, such that air in
the seating space flows into the thermal insulation space
through the inlet holes and is discharged from the thermal
insulation space toward the bodyshell through the outlet
holes, so as to ventilate the thermal insulation space. The
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thermal insulation unit includes a heat insulation layer that
is disposed on a side surface of the outer layer facing the
thermal insulation space, and that is adapted to reflect and
absorb heat conducted from the window.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Other features and advantages of the disclosure
will become apparent in the following detailed description
of the embodiments with reference to the accompanying
drawings, of which:

[0007] FIG. 1 is a schematic perspective view of a first
embodiment of a thermal insulation device according to
the present disclosure being mounted to a vehicle;

[0008] FIG. 2 is an exploded perspective view of the first
embodiment;

[0009] FIG. 3 is a fragmentary schematic sectional view of
the first embodiment;

[0010] FIG. 4 is a fragmentary schematic sectional view
illustrating an inlet hole formed in a film unit of the first
embodiment;

[0011] FIG. 5 is a fragmentary schematic sectional view
illustrating the inlet hole of a second embodiment of the
thermal insulation device according to the present
disclosure;

[0012] FIG. 6 is an exploded perspective view illustrating
a third embodiment of the thermal insulation device accord-
ing to the present disclosure;

[0013] FIG. 7 is a fragmentary schematic sectional view of
the third embodiment;

[0014] FIG. 8 is a fragmentary schematic sectional view
illustrating the film unit and a thermal insulation unit of the
third embodiment; and

[0015] FIG. 9 is a fragmentary schematic sectional view
illustrating the film unit and the thermal insulation unit of a
fourth embodiment of the thermal insulation device accord-
ing to the present disclosure.

DETAILED DESCRIPTION

[0016] Before the disclosure is described in greater detail,
it should be noted that where considered appropriate, refer-
ence numerals or terminal portions of reference numerals
have been repeated among the figures to indicate corre-
sponding or analogous elements, which may optionally
have similar characteristics.

[0017] Referring to FIGS. 1 to 4, a first embodiment of a
thermal insulation device 2 according to the present disclo-
sure is adapted to be mounted to a vehicle 1. The vehicle 1
defines a seating space 11 therein, and includes a vehicle
body 12 and a window 13. The vehicle body 12 includes a
bodyshell 121 (see FIG. 3) made of metal and a car interior
122 made of a foam material and cooperating with the body-
shell 121 to define a gap 123 therebetween. The window 13
is mounted to the bodyshell 121, and can be a front wind-
shield, a rear windshield, a panoramic windshield, a side
window or a skylight window. In this embodiment, the win-
dow 13 is a panoramic windshield. The thermal insulation
device 2 includes a film unit 3 and a thermal insulation unit

4.

[0018] The film unit 3 is adapted to be mounted to the
vehicle body 12 for covering an inner surface of the window
13, which faces the seating space 11, and is light transmis-
sive. Specifically, as shown in FIG. 1, a right side and an
upper side of the film unit 3 are inserted into the gap 123
and clamped between the bodyshell 121 and the car interior
122 by a user sitting in the seating space 11, and can be
mounted to the bodyshell 121 by means of hanging, adher-
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ing, fastening, etc. It should be noted that, in this embodi-
ment, the thermal insulation device 2 i3 rectangular and is
mounted in front of a front passenger seat of the vehicle 1.
However, the shape and the mounting position of the insula-
tion device 2 are not limited to this example.

[0019] The filmunit 3 includes an outer layer 31, an inner
layer 32, and four supporting pillars 33. The outer layer 31 is
adapted to be mounted to the inner surface of the window
13. The inner layer 32 is mounted to the outer layer 31 such
that the outer layer 31 is disposed between the inner layer 32
and the window 13, and has a peripheral portion 32A that is
connected sealingly to the outer layer 31 and a center por-
tion 32B that 1s spaced apart from and that cooperates with
the outer layer 31 to define a thermal insulation space 34
therebetween. The supporting pillars 33 are disposed
between the outer layer 31 and the center portion 32B of
the inner layer 32 to separate the outer layer 31 from the
center portion 32B of the inner layer 31. The outer layer
31 has an outer surface 311 that is planar and that is adapted
to face and adjoin the window 13. As shown in FIG. 2, the
mner layer 32 is configured as an indented plate and has a
rectangular central wall 321, a toothed upper side wall 322
extending from an upper side of the central wall 321 toward
the outer layer 31 and then bent in a direction parallel to the
central wall 321, a lower side wall 324 extending from a
lower side of the central wall 321 toward the outer layer
31 and then bent in a direction parallel to the central wall
321, and two lateral walls 323, which extend respectively
{rom left and right sides of the central wall 321 toward the
outer layer 31 and then bent in a direction parallel to the
central wall 321 and each of which interconnects to a
respective one of two opposite ends of the upper side wall
322 and a respective one of two opposite ends of the lower
side wall 324. In this embodiment, the supporting pillars 33
are formed integrally with the central wall 321 and extend
toward the outer layer 31. It should be noted that the number
of the supporting pillars 33 is not limited to four, and may be
one or any number more than one. Each of the outer layer 31
and the inner layer 32 is made of one of polycarbonate (PC),
polyethylene terephthalate (PET), tantalum carbide (TAC),
polyvinyl chloride PVC and a combination thereof. In this
embodiment, each of the outer layer 31 and the inner layer
32 is made of PC and has a thickness ranging from 0.1 mm
to 2 mm. In one embodiment, the thickness of each of the
outer layer 31 and the inner layer 32 is 0.5 mm.

[0020] By virtue of the abovementioned structure, the
outer layer 31 cooperates with the inner layer 32 to define
the thermal insulation space 34 therebetween. The film unit
3 is formed with a plurality of inlet holes 35 that are in spa-
tial communication with the thermal insulation space 34 and
that are adapted to communicate with the seating space 11,
and a plurality of outlet holes 36 that are in spatial commu-
nication with the thermal insulation space 34, that are dis-
posed above the inlet holes 35, and that are adapted to be
open toward the bodyshell 121, such that air in the seating
space 11 can flow into the thermal insulation space 34
through the inlet holes 35 and be discharged from the ther-
mal insulation space 34 toward the bodyshell 12 through the
outlet holes 36, so as to ventilate the thermal insulation
space 34. As shown in FIG. 4, i this embodiment, the
inlet holes 35 are formed in the lower side wall 324, each
of the inlet holes 35 has a uniform diameter, and the outlet
holes 36 are defined by the upper side wall 322 and the outer
layer 31. Since the upper side wall 322 and a portion of the
outer layer 31 are inserted into the gap 123, the outlet holes
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36 are in spatial communication with the gap 123. It should
be noted that the configuration of the outer layer 31 and the
upper side wall 322 may be modified as long as the outlet
holes 36 are formed adjacent to the gap 123 and open toward
the bodyshell 121 to transfer heat thereto. In addition, the
positions of the upper side wall 322 and the lower side
wall 324 are interchangeable, and the configurations of the
upper side wall 322 and the lower side wall 324 may also be
modified. In this embodiment, the film unit 3 is adapted to
be inclinedly mounted in the vehicle body 12, and the outlet
holes 36 are disposed higher than the inlet holes 35.

[0021] The thermal insulation unit 4 includes a heat insu-
lation layer 41 that is disposed on a side surface of the outer
layer 31 facing the thermal insulation space 34, and that is
adapted to reflect and absorb heat conducted from the win-
dow 13. The heat insulation layer 41 is made of one of tung-
sten oxide nanowires, zinc oxide nanowires, and a combina-
tion thereof. However, the heat insulation layer 41 is not
limited to the examples described herein and can be a com-
mercially available optical film or sun control film.

[0022] When sunlight hits the window 13 of the vehicle 1,
a portion of the sunlight is reflected back, yet another por-
tion of the sunlight enters through the window 13, radiates
into the thermal insulation device 2 and generates heat
energy therein, which will be reflected again and absorbed
by the insulation layer 41. The heat absorbed by the insula-
tion layer 41 will also radiate into the thermal insulation
space 34 so the temperature in the thermal insulation space
34 will increase. The air in the seating space 11 will flow
into the thermal insulation space 34 through the inlet holes
35 to cool down the temperature in the thermal insulation
space 34 and be discharged from the thermal insulation
space 34 toward the gap 123 through the outlet holes 36 so
that the thermal insulation space 34 will be ventilated and
the heat conducted to the body shell 121 will be dissipated
quickly.

[0023] Referring to FIG. 5, a second embodiment of the
thermal insulation device according to the present disclosure
1s similar to the first embodiment, and the difference there-
between resides in the shape of the inlet holes 35. In the
second embodiment, each of the inlet holes 35 1s frustoco-
nical, and has an inner end that is proximate to the thermal
insulation space 34 and an outer end that is distal from the
thermal insulation space 34 and that has a diameter greater
than that of the inner end. Thus, air in the seating space 11
may smoothly flow into the thermal insulation space 34
while the air in the thermal insulation space 34 is prevented
from flowing reversely into the seating space 11 through the
inlet holes 35.

[0024] Referring to FIGS. 6 to 8, a third embodiment of
the thermal insulation device according to the present dis-
closure is similar to the first embodiment, and the differ-
ences therebetween reside in the following. In the third
embodiment, the outer layer 31 has an indented outer sur-
face 311 adapted to face the window 13 and having a per-
ipheral portion 313 and a central portion 312. The peripheral
portion 313 is adapted to abut against the window 13. The
central portion 312 is adapted to be spaced apart from and
cooperates with the window 13 to define a room 315 there-
between. By virtue of the structure of the outer layer 31, a
contact area between the window 13 and the outer layer 31
is reduced so that wear on the outer layer 31 can also be
reduced. In addition, the room 315 can reduce heat con-
ducted and radiated from the window 13 to the seating
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space 11 so that the performance of the heat insulation
device 2 can be enhanced.

[0025] Referring to FIG. 9, a fourth embodiment of the
thermal insulation device according to the present disclosure
1s similar to the third embodiment, and the difference there-
between resides in the following. In the fourth embodiment,
the thermal insulation unit 4 further includes an auxiliary
heat insulation layer 41' that is disposed in the room 315
and on a side surface of the outer layer 31 facing away
from the heat insulation layer 41, and that is adapted to
reflect and absorb heat conducted from the window 13.
This way, the performance of the heat insulation device 2
can be further enhanced. It should be noted that the auxiliary
heat insulation layer 41' may be applied on the side surface
of the outer layer 31 facing away from the heat insulation
layer 41 by a known processing method such that the outer
layer 31 is sandwiched between the heat insulation layer 41
and the auxiliary heat insulation layer 41'.

[0026] To sumup, by virtue of the heat insulation device 2
that is mounted to the vehicle body 12 for covering the inner
surface of the window 13, the thermal insulation unit 4 of
the heat insulation device 2 can effectively reflect and
absorb heat conducted from the window 13. Furthermore,
the heat absorbed by the thermal insulation unit 4 can also
be dissipated toward the bodyshell 121 through the thermal
insulation space 34, which can prevent the temperature in
the seating space 11 from rising, and in turn can reduce the
use of air conditioning .

[0027] In the description above, for the purposes of expla-
nation, numerous specific details have been set forth in order
to provide a thorough understanding of the embodiments. It
will be apparent, however, to one skilled in the art, that one
or more other embodiments may be practiced without some
of these specific details. It should also be appreciated that
reference throughout this specification to “one embodi-
ment,” “an embodiment,” an embodiment with an indication
of an ordinal number and so forth means that a particular
feature, structure, or characteristic may be included in the
practice of the disclosure. It should be further appreciated
that in the description, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure
and aiding in the understanding of various inventive aspects,
and that one or more features or specific details from one
embodiment may be practiced together with one or more
features or specific details from another embodiment,
where appropriate, in the practice of the disclosure.

[0028] While the disclosure has been described in connec-
tion with what are considered the exemplary embodiments,
it is understood that this disclosure is not limited to the dis-
closed embodiments but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifi-
cations and equivalent arrangements.

What is claimed is:

1. A thermal nsulation device adapted to be mounted to a
vehicle, the vehicle defining a seating space therein and
including a vehicle body that includes a bodyshell and a win-
dow that is mounted to the bodyshell, said thermal insulation
device comprising:

afilmunit being adapted to be mounted to the vehicle body

for covering an inner surface ofthe window that faces the
seating space, being light transmissive, and including an
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outer layer which is adapted to be mounted to the inner
surface of the window, and an inner layer which is
mounted to said outer layer such that said outer layer is
disposed between said inner layer and the window, and
which has a peripheral portion connected sealingly to
said outer layer and a center portion spaced apart from
and cooperating with said outer layer to define a thermal
msulation space therebetween, said film unit being
formed with a plurality of inlet holes that are in spatial
communication with said thermal insulation space and
that are adapted to communicate with the seating space,
and a plurality of outlet holes that are in spatial commu-
nication with said thermal insulation space, that are dis-
posed above said inlet holes, and that are adapted to be
open toward the bodyshell, such that air in the seating
space flows into said thermal insulation space through
said inlet holes and is discharged from said thermal insu-
lation space toward the bodyshell through said outlet
holes, soas to ventilate said thermal insulation space; and
a thermal insulation unit including a heat insulation layer
thatis disposed onaside surface of said outer layer facing
said thermal insulation space, and that is adapted to
reflect and absorb heat conducted from the window.

2. The thermal insulation device as claimed in claim 1,
wherein said film unit further includes at least one supporting
pillar disposed between said outer layer and said center por-
tion of said inner layer to separate said outer layer from said
center portion of said inner layer.

3. The thermal insulation device as claimed in claim 1,
wherein said outer layer has an outer surface being planar
and adapted to face and adjoin the window.

4. The thermal insulation device as claimed in claim 1,
wherein said outer layer has an outer surface adapted to face
the window and having a peripheral portion that is adapted to
abut against the window and a central portion that is adapted to
be spaced apart from and cooperate with the window to define
aroom therebetween for reducing heat transfer and radiation
from the window.

5. The thermal insulation device as claimed in claim 1,
wherein each of said inlet holes has a uniform diameter.

6. The thermal insulation device as claimed in claim 1,
wherein each of said inlet holes is frustoconical, and has an
inner end proximate to said thermal insulation space, and an
outer end distal from said thermal insulation space and having
a diameter greater than that of said inner end.

7. The thermal insulation device as claimed in claim 1,
wherein said thermal insulation unit further includes an aux-
iliary heat insulation layer that is disposed in said room and on
a side surface of said outer layer facing away from said heat
insulation layer, and that is adapted to reflect and absorb heat
conducted from the window.

8. The thermal insulation device as claimed in claim 1,
wherein each of said outer layer and said inner layer is made
of one of polycarbonate (PC), polyethylene terephthalate
(PET), tantalum carbide (TAC), polyvinyl chloride (PVC)
and a combination thereof.

9. The thermal insulation device as claimed in claim 1,
wherein each of said outer layer and said inner layer has a
thickness ranging from 0.1 mmto 2 mm.

10. The thermal insulation device as claimed in claim 1,
wherein said heat insulation layer is made of one of tungsten
oxide nanowires, zinc oxide nanowires and a combination
thereof.
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Description
Title of Invention: APPARATUS AND METHOD FOR
MANAGING THE EXPOSURE TO ELECTRIC AND MAGNETIC

FIELDS
Technical Field

[1] This disclosure relates generally to wireless networks. More specifically, this
disclosurc rclates to complying with regulations of cxposure to clectric and magnctic
fields (EMF).

Background Art

[2] The International Commission on Non-Ionizing Radiation Protection (ICNIRP) es-
tablishes guidelines for limiting EMF exposure. These guidelines are intended to
provide protection against adverse health effects that may be caused by EMF exposure.
Country specific regulations may sct cxposurc limits for that country. EMF cxposurce
levels in wireless networks should comply with applicable exposure limits and reg-
ulations. Solutions that meet the requirements of each country's regulations are critical

to selling products in these countries.
Disclosure of Invention
Technical Problem

[3] This disclosure provides methods and apparatuses for complying with EMF exposure

related regulations.

Solution to Problem

(4] In a first embodiment, a base station for managing EMF radiation in a wireless com-
munication system is disclosed. The base station comprises a transceiver and a
processor, operably connected (o the transceiver. The processor is conligured Lo
determine one or more radiation power related parameters, the one or more radiation
power related parameters including precoding vectors selected for transmission on a
transmission time interval (TTT) basis, a transmit power, and resource block (RB) uti-
lization. The processor is also configured to estimate, based on the one or more
radiation power related parameters, a time-averaged radiation power over a predefined
time window in azimuth and elevation dimensions. The processor is further configured
to determine a direction of a maximum time-averaged radiation power among the
estimated time-averaged radiation power, and adjust one or more transmission pa-
rameters based on determining that the maximum time-averaged radiation power in the
direction is higher than a threshold.

[5] In a second embodiment, a method for managing EMF radiation is disclosed. The
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method includes determining one or more radiation power related parameters, the one
or more radiation power related parameters including precoding vectors selected for
transmission on a TTI basis, a transmit power, and RB utilization. The method also
comprises estimating, based on the one or more radiation power related parameters, a
time-averaged radiation power over a predefined time window in azimuth and
elevation dimensions. The method further comprises determining a direction of a
maximum time-averaged radiation power among the estimated time-averaged radiation
power. The method further comprises adjusting one or more transmission parameters
based on determining that the maximum time-averaged radiation power in the direction
1s higher than a threshold.

Other technical features may be readily apparent to one skilled in the art from the
following figures, descriptions, and claims.

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent

nn

document. The terms "transmit," "receive,” and "communicate,” as well as derivatives
thereof, encompass both direct and indirect communication. The terms "include" and
"comprise,” as well as derivatives thereof, mean inclusion without limitation. The term
"or" is inclusive, meaning and/or. The phrase "associated with," as well as derivatives
thereof, means to include, be included within, interconnect with, contain, be contained
within, connect to or with, couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with, have, have a property of,
have a relationship to or with, or the like.

Moreover, various functions described below can be implemented or supported by
one or more computer programs, each of which is formed from computer readable
program code and embodied in a computer readable medium. The terms "application”
and "program" refer to one or more computer programs, software components, sets of
instructions, procedures, functions, objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer readable program code. The
phrase "computer readable program code" includes any type of computer code,
including source code, object code, and executable code. The phrase "computer
readable medium" includes any type of medium capable of being accessed by a
computer, such as rcad only memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A "non-transitory” computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a

rewritable optical disc or an erasable memory device.
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9]

[11]

"non "o

As used here, terms and phrases such as "have,” "may have,"” "include,” or "may
include" a feature (like a number, function, operation, or component such as a part)
indicate the existence of the feature and do not exclude the existence of other features.
Also, as used here, the phrases "A or B," "at least one of A and/or B," or "one or more
of A and/or B" may include all possible combinations of A and B. For example, "A or
B," "at least one of A and B," and "at least one of A or B" may indicate all of (1)
including at least one A, (2) including at least one B, or (3) including at least one A
and at least one B. Further, as used here, the terms "first" and "second" may modify
various components regardless of importance and do not limit the components. These
terms are only used to distinguish one component from another. For example, a first
user device and a second user device may indicate different user devices from each
other, regardless of the order or importance of the devices. A first component may be
denoted a second component and vice versa without departing from the scope of this
disclosure.

It will be understood that, when an element (such as a first element) is referred to as
being (operatively or communicatively) "coupled with/to" or "connected with/to"
another element (such as a second element), it can be coupled or connected with/to the
other element directly or via a third element. In contrast, it will be understood that,
when an element (such as a first element) is referred to as being "directly coupled with/
to" or "directly connected with/to" another element (such as a second element), no
other element (such as a third element) intervenes between the element and the other
element.

As used here, the phrase "configured (or set) to" may be interchangeably used with

"ot "ot

the phrases "suitable for," "having the capacity to," "designed to," "adapted to," "made
to," or "capable of" depending on the circumstances. The phrase "configured (or set)
to" does not essentially mean "specifically designed in hardware to." Rather, the phrase
"configured to" may mean that a device can perform an operation together with another
device or parts. For example, the phrase "processor configured (or set) to perform A,
B, and C" may mean a generic-purpose processor (such as a CPU or application
processor) that may perform the operations by executing one or more software
programs stored in a memory device or a dedicated processor (such as an embedded
proccssor) for performing the operations.

The terms and phrases as used here are provided merely o describe some em-
bodiments of this disclosure but not to limit the scope of other embodiments of this

L]

disclosure. It is to be understood that the singular forms "a," "an," and "the" include
plural references unless the context clearly dictates otherwise. All terms and phrases,
including technical and scientific terms and phrases, used here have the same meanings

as commonly understood by one of ordinary skill in the art to which the embodiments
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[13]

[23]

[24]

[25]

of this disclosure belong. It will be further understood that terms and phrases, such as
those defined in commonly-used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not be interpreted in an idealized or overly formal sense unless expressly so defined
here. In some cases, the terms and phrases defined here may be interpreted to exclude
embodiments of this disclosure.

Definitions for other certain words and phrases may be provided throughout this
patent document. Those of ordinary skill in the art should understand that in many if
not most instances, such definitions apply to prior as well as future uses of such
defined words and phrases.

Brief Description of Drawings

For a more complete understanding of this disclosure and its advantages, reference is
now made to the following description, taken in conjunction with the accompanying
drawings, in which like reference numerals represent like parts:

FIGURE 1 illustrates an example wireless network according to this disclosure;

FIGURE 2 illustrates an example gNB according to this disclosure;

FIGURE 3 illustrates an example user equipment (UE) according to this disclosure;

FIGURE 4A illustrates an exemplary embodiment of a split architecture for a gNB
according to this disclosure;

FIGURE 4B illustrates an exemplary DU enabled operation architecture according to
this disclosure;

FIGURE 4C illustrates an exemplary MMU enabled operation architecture according
to this disclosure:

FIGURE 4D illustrates an exemplary MMU enabled feedback operation architecture
according to this disclosure;

FIGURE 5A illustrates an exemplary single interval power determination protocol,
according to this disclosure;

FIGURE 5B illustrates an exemplary multi interval power determination protocol,
according to this disclosure;

FIGURE 6 illustrates an exemplary precoding matrix indicator (PMI) based
operation architecture according to this disclosure;

FIGURE 7 illustrates a simplified flowchart for a DU enabled power estimation and
adjustment;

FIGURE 8 illustrates an exemplary Grid-based Power Estimation grid according to
this disclosure;

FIGURE 9 illustrates an exemplary Radiation Power Table for PMI_j according to

this disclosure;



WO 2022/019541 PCT/KR2021/008748

[28]

[29]

1301

[31]

[32]

[34]

[35]

[36]

FIGURE 10 illustrates an exemplary scenario with eight coarse grids, each consisting

of four fine grids according to this disclosure;
FIGURE 11 illustrates an exemplary illustration of the precoder relationship before

and after matrix generation and inversion according to this disclosure;

FIGURE 12A illustrates an exemplary cell dependent grid size implementation
according to this disclosure;

FIGURE 12B illustrates a dynamic change of the grid size and range over time im-
plementation according to this disclosure; and

FIGURE 13 illustrates an example process flowchart for complying with EMF
exposure regulations.

The above flowcharts illustrate example methods that can be implemented in ac-
cordance with the principles of the present disclosure and various changes could be
made to the methods illustrated in the flowcharts herein. For example, while shown as
a series of steps, various steps in each figure could overlap, occur in parallel, occur in a
different order, or occur multiple times. In another example, steps may be omitted or
replaced by other steps.

Mode for the Invention

FIGURES 1 through 13, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of this disclosure
may be implemented in any suitably arranged device or system.

Aspects, features, and advantages of the disclosure are readily apparent from the
following detailed description, simply by illustrating a number of particular em-
bodiments and implementations, including the best mode contemplated for carrying
out the disclosure. The disclosure is also capable of other and different embodiments,
and its several details can be modified in various obvious respects, all without
departing from the spirit and scope of the disclosure. Accordingly, the drawings and
description are to be regarded as illustrative in nature, and not as restrictive. The
disclosure 1s illustrated by way of example, and not by way of limitation, in the figures
of the accompanying drawings.

Mobile telecommunication technologies (e.g. mobile phones) transmit and receive
radio frequency electromagnetic fields (RF EMFs) in defined ways that allow for com-
munication between devices. As described above, ICNIRP establishes guidelines for
limiting EMF exposure. These guidelines are intended to provide protection against
known adverse health effects. EMF exposure levels should comply with applicable

exposure limits and regulations.
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Under regulation requirements, within a bandwidth, the received power density at
any location may need to be less than a given value. The received power density may
be the radiated power per unit area (e.g., m*). The received power density may also be
averaged over a time period that is dependent on the frequency of the radiation. The
constraint of the received power can be expressed as follows (math figure 1). For
example, when T = 6 minutes = 3.6*10° ms, RegP = 10 W/m>.

[Math. 1]

1 &7
- ZRwar < RegP for any location within 1 m”
=t

Ll

The constraints mentioned above are contradictory to traditional designs. For
example, traditional designs optimize performance with the constraints of the total
power, while EMF regulations limit the power usage due to radiation power concerns.

Certain embodiments of this disclosure provide an architecture for scenarios in which
power oplimization of the received power may be required.

Certain embodiments of this disclosure provide the novel algorithms to optimize the
radiation power to meet EMF regulation.

Certain embodiments of this disclosure implement a new function to a base
station(s), which monitors thc radiation powecr at the compliance distance, and triggers
the power control algorithms when the polential radiation power is larger than the
regulation.

Certain embodiments of this disclosure provide the novel algorithms that achieve the
optimal trade-off between the user experience and the received power limitation.

Certain embodiments of this disclosure propose smart multi-user, multiple-input and
multiple output (MU-MIMO) scheduling algorithms which consider the joint opti-
mization of assigned power, modulation coding scheme (MCS), and commonly
scheduled layers, without implementing the advanced signal processing of the channel
martrix.

Certain embodiments of this disclosure provide new criterion to switch between MU-
MIMO and single-user, multiple-input and multiple output (SU-MIMOQ) mode for op-
timizing the throughput performance without violating the received power regulation.

Certain embodiments of this disclosure provide multiple methods to estimate the
radiation power for different MU-MIMO schemes. For example, sounding reference
signals (SRS) based zero forcing (ZF) MU-MIMO, SRS based non-ZF MU-MIMO,
PMI based ZF MU-MIMO, PMI based non ZF MU-MIMO, and more. The methods
include online calculation and online PMI to grid mapping table look up(s).

Certain embodiments of this disclosure provide power estimation mechanisms that

can be performed in the data unit (DU), which may help reduce complexity.
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Certain embodiments of this disclosure illustrate multiple strategies for performing
PMI to grid mapping,

Certain embodiments of this disclosure disclose methods to estimate the radiation
power without the final precoder information for ZF MU-MIMO.

FIGURE 1 illustrates an example wireless network according to embodiments of the
present disclosure. The embodiment of the wireless network shown in FIGURE 1 is for
illustration only. Other embodiments of the wireless network 100 could be used
without departing from the scope of the present disclosure.

To meet the demand for wireless data traffic having increased since deployment of
4G communication systems and to enable various vertical applications, efforts have
been made to develop and deploy an improved SG/NR or pre-5G/NR communication
system. Therefore, the SG/NR or pre-5G/NR communication system is also called a
"beyond 4G network" or a "post LTE system.” The SG/NR communication system is
considered to be implemented in higher frequency (mmWave) bands, e.g., 28 GHz or
60GHz bands, so as to accomplish higher data rates or in lower frequency bands, such
as 6 GHz, to enable robust coverage and mobility support. To decrease propagation
loss of the radio waves and increase the transmission distance, the beamforming,
massive multiple-input multiple-output (MIMO), full dimensional MIMO
(FD-MIMO), array antenna, an analog beam forming, large scale antenna techniques
are discussed in 5G/NR communication systems.

In addition, in 5G/NR communication systems, development for system network im-
provement is under way based on advanced small cells, cloud radio access networks
(RANSs), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, coordinated multi-points
(CoMP), reception-end interference cancellation and the like.

The discussion of 5G systems and frequency bands associated therewith is for
reference as certain embodiments of the present disclosure may be implemented in 5G
systems. However, the present disclosure is not limited to 5G systems or the frequency
bands associated therewith, and embodiments of the present disclosure may be utilized
in connection with any frequency band. For example, aspects of the present disclosure
may also be applied to deployment of SG communication systems, 6G or even later
rclcascs which may usc terahertz (THz) bands.

As shown in FIGURE 1, the wireless network includes a gNB 101 (e.g., base station
(BS)). a gNB 102, and a gNB 103. The gNB 101 communicates with the gNB 102 and
the gNB 103. The gNB 101 also communicates with at least one network 130, such as
the Internet, a proprietary Internet Protocol (IP) network, or other data network.

The gNB 102 provides wireless broadband access to the network 130 for a first
plurality of user equipments (UEs) within a coverage area 120 of the gNB 102. The



WO 2022/019541 PCT/KR2021/008748

[57]

[58]

[59]

8

first plurality of UEs includes a UE 111, which may be located in a small business; a
UE 112, which may be located in an enterprise (E); a UE 113, which may be located in
a WiFi hotspot (HS); a UE 114, which may be located in a first residence (R); a UE
115, which may be located in a second residence (R); and a UE 116, which may be a
mobile device (M), such as a cell phone, a wireless laptop, a wireless PDA, or the like.
The gNB 103 provides wireless broadband access to the network 130 for a second
plurality of UEs within a coverage area 125 of the gNB 103. The second plurality of
UEs includes the UE 115 and the UE 116. In some embodiments, one or more of the
gNBs 101-103 may communicate with each other and with the UEs 111-116 using 5G,
LTE, LTE-A, WiMAX, Wi, or other wireless communication techniques.
Depending on the network type, the term "base station” or "BS" can refer to any
component (or collection of components) configured to provide wireless access to a
network, such as transmit point (TP), transmit-receive point (TRP), an enhanced base
station (eNodeB or eNB), a 5G base station (gNB), a macrocell, a femtocell, a WiFi
access point (AP), or other wirelessly enabled devices. Base stations may provide
wireless access in accordance with one or more wireless communication protocols,
e.g., 5G 3GPP new radio interface/access (NR), long term evolution (LTE), LTE
advanced (LTE-A), high speed packet access (HSPA), Wi-Fi 802.11a/b/g/n/ac, etc. For
the sake of convenience, the terms "BS" and "TRP" are used interchangeably in this
patent document to refer to network infrastructure components that provide wireless
access to remote terminals. Also, depending on the network type, the term "user

"o

equipment” or "UE" can refer to any component such as "mobile station,” "subscriber

" n

station," "remote terminal," "wireless terminal,” "receive point," or "user device." For
the sake of convenience, the terms "user equipment” and "UE" are used in this patent
document to refer to remote wireless equipment that wirelessly accesses a BS, whether
the UE is a mobile device (such as a mobile telephone or smartphone) or is normally
considered a stationary device (such as a desktop computer or vending machine).

Dotted lines show the approximate extents of the coverage areas 120 and 125, which
are shown as approximately circular for the purposes of illustration and explanation
only. It should be clearly understood that the coverage areas associated with gNBs,
such as the coverage areas 120 and 125, may have other shapes, including irregular
shapcs, depending upon the configuration of the gNBs and variations in the radio cn-
vironment associated with natural and man-made obstructions.

As described in more detail below, a new function has been added to the base
station(s) (e.g. 101 - 103), which monitors the radiation power at the compliance
distance, and triggers the power control algorithms when the potential radiation power
is larger than the regulation,

Although FIGURE 1 illustrates one example of a wireless network, various changes
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may be made to FIGURE 1. For example, the wireless network could include any
number of gNBs and any number of UEs in any suitable arrangement. Also, the gNB
101 could communicate directly with any number of UEs and provide those UEs with
wireless broadband access to the network 130. Similarly, each gNB 102-103 could
communicate directly with the network 130 and provide UEs with direct wireless
broadband access to the network 130. Further, the gNBs 101, 102, and/or 103 could
provide access to other or additional external networks, such as external telephone
networks or other types of data networks.

FIGURE 2 illustrates an example gNB 102 according to embodiments of the present
disclosure. The embodiment of the gNB 102 illustrated in FIGURE 2 is for illustration
only, and the gNBs 101 and 103 of FIGURE 1 could have the same or similar con-
figuration. However, gNBs come in a wide variety of configurations, and FIGURE 2
does not limit the scope of the present disclosure to any particular implementation of a
gNB.

As shown in FIGURE 2, the gNB 102 includes multiple antennas 205a-205n,
multiple RF transceivers 210a-210n, transmit (TX) processing circuitry 215, and
receive (RX) processing circuitry 220. The gNB 102 also includes a controller/
processor 225, a memory 230, and a backhaul or network interface 235.

The RF transceivers 210a-210n receive, from the antennas 205a-205n, incoming RF
signals, such as signals transmitted by UEs in the network 100. The RF transceivers
210a-210n down-convert the incoming RF signals to generate IF or baseband signals.
The IF or baseband signals are sent to the RX processing circuitry 220, which
generates processed baseband signals by filtering, decoding, and/or digitizing the
baseband or IF signals. The RX processing circuitry 220 transmits the processed
baseband signals to the controller/processor 225 for further processing.

The TX processing circuitry 215 receives analog or digital data (such as voice data,
web data, e-mail, or interactive video game data) from the controller/processor 225.
The TX processing circuitry 215 encodes, multiplexes, and/or digitizes the outgoing
baseband data to generate processed baseband or IF signals. The RF transceivers
210a-210n receive the outgoing processed baseband or IF signals from the TX
processing circuitry 215 and up-converts the baseband or IF signals to RF signals that
arc transmitted via the antennas 205a-205n.

The controller/processor 225 can include one or more processors or other processing
devices that control the overall operation of the gNB 102. For example, the controller/
processor 225 could control the reception of forward channel signals and the
transmission of reverse channel signals by the RF transceivers 210a-210n, the RX
processing circuitry 220, and the TX processing circuitry 215 in accordance with well-

known principles. The controller/processor 225 could support additional functions as
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well, such as more advanced wireless communication functions.

For instance, the controller/processor 225 could support beam forming or directional
routing operations in which outgoing signals from multiple antennas 205a-205n are
weighted differently to effectively steer the outgoing signals in a desired direction.
Any of a wide variety of other functions could be supported in the gNB 102 by the
controller/processor 225.

The controller/processor 225 is also capable of executing programs and other
processes resident in the memory 230, such as an OS. The controller/processor 225 can
move data into or out of the memory 230 as required by an executing process.

The controller/processor 225 is also coupled to the backhaul or network interface
2335. The backhaul or network interface 235 allows the gNB 102 to communicate with
other devices or systems over a backhaul connection or over a network. The interface
235 could support communications over any suitable wired or wireless connection(s).
For example, when the gNB 102 is implemented as part of a cellular communication
system (such as one supporting 5G, LTE, or LTE-A), the interface 235 could allow the
gNB 102 to communicate with other gNBs over a wired or wireless backhaul
connection. When the gNB 102 is implemented as an access point, the interface 235
could allow the gNB 102 to communicate over a wired or wireless local area network
or over a wired or wireless connection to a larger network (such as the Internet). The
interface 235 includes any suitable structure supporting communications over a wired
or wireless connection, such as an Ethernet or RF transceiver.,

The memory 230 is coupled to the controller/processor 225. Part of the memory 230
could include a RAM, and another part of the memory 230 could include a Flash
memory or other ROM,

As described in more detail below, certain embodiments of this disclosure provide
multiple methods to estimate the radiation power for different MU-MIMO schemes.
For example, SRS based ZF MU-MIMO, SRS based non-ZF MU-MIMO, PMI based
ZF MU-MIMO, PMI based non ZF MU-MIMO, and more. The methods include
online calculation and online PMI to grid mapping table look up.

Although FIGURE 2 illustrates one example of gNB 102, various changes may be
made to FIGURE 2. For example, the gNB 102 could include any number of each
componcnt shown in FIGURE 2. As a particular cxample, an access point could
include a number ol interfaces 235, and the controller/processor 225 could support
routing functions to route data between different network addresses. As another
particular example, while shown as including a single instance of TX processing
circuitry 215 and a single instance of RX processing circuitry 220, the gNB 102 could
include multiple instances of each (such as one per RF transceiver). Also, various
components in FIGURE 2 could be combined, further subdivided, or omitted and ad-
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ditional components could be added according to particular needs.

FIGURE 3 illustrates an example UE 116 according to embodiments of the present
disclosure. The embadiment of the UE 116 illustrated in FIGURE 3 is for illustration
only, and the UEs 111-115 of FIGURE 1 could have the same or similar configuration.
However, UEs come in a wide variety of configurations, and FIGURE 3 does not limit
the scope of the present disclosure to any particular implementation of a UE.

As shown in FIGURE 3, the UE 116 includes an antenna 305, a radio frequency (RF)
transceiver 310, TX processing circuitry 315, a microphone 320, and receive (RX)
processing circuitry 325. The UE 116 also includes a speaker 330, a processor 340, an
input/output (I/0) interface (IF) 345, input 350, a display 355, a memory 360, and
sensor(s) 365. The memory 360 includes an operating system (OS) 361 and one or
more applications 362.

The RF transceiver 310 receives, from the antenna 303, an incoming RF signal
transmitted by a gNB of the network 100. The RF transceiver 310 down-converts the
incoming RF signal to generate an intermediate frequency (IF) or baseband signal. The
IF or baseband signal is sent to the RX processing circuitry 325, which generates a
processed baseband signal by filtering, decoding, and/or digitizing the baseband or IF
signal. The RX processing circuitry 325 transmits the processed baseband signal to the
speaker 330 (such as for voice data) or to the processor 340 for further processing
(such as for web browsing data).

The TX processing circuitry 315 receives analog or digital voice data from the mi-
crophone 320 or other outgoing baseband data (such as web data, e-mail, or interactive
video game data) from the processor 340. The TX processing circuitry 315 encodes,
multiplexes, and/or digitizes the outgoing baseband data to generate a processed
baseband or IF signal. The RF transceiver 310 receives the outgoing processed
baseband or IF signal from the TX processing circuitry 315 and up-converts the
baseband or IF signal to an RF signal that is transmitted via the antenna 305.

The processor 340 can include one or more processors or other processing devices
and execute the OS 361 stored in the memory 360 in order to control the overall
operation of the UE 116. For example, the processor 340 could control the reception of
forward channel signals and the transmission of reverse channel signals by the RF
transcciver 310, the RX processing circuitry 325, and the TX processing circuitry 315
in accordance with well-known principles. In some embodiments, the processor 340
includes at least one microprocessor or microcontroller.

The processor 340 is also capable of executing other processes and programs resident
in the memory 360. The processor 340 can move data into or out of the memory 360 as
required by an executing process. In some embodiments, the processor 340 is

configured to execute the applications 362 based on the OS 361 or in response to
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signals received from gNBs or an operator. The processor 340 is also coupled to the 1/
O interface 343, which provides the UE 116 with the ability to connect to other
devices, such as laptop computers and handheld computers. The I/0 interface 345 is
the communication path between these accessories and the processor 340.

The processor 340 is also coupled to the input 350 and the display 355. The operator
of the UE 116 can use the input 350 to enter data into the UE 116. The input 350 can
be a keyboard, touchscreen, mouse, track ball, voice input, or other device capable of
acting as a user interface to allow a user in interact with the UE 116. For example, the
input 350 can include voice recognition processing, thereby allowing a user to input a
voice command. In another example, the input 350 can include a touch panel, a
(digital) pen sensor, a key, or an ultrasonic input device. The touch panel can
recognize, for example, a touch input in at least one scheme, such as a capacitive
scheme, a pressure sensitive scheme, an infrared scheme, or an ultrasonic scheme. The
input 350 can be associated with the sensor(s) 365 and/or a camera by providing ad-
ditional input to the processor 340. In certain embodiments, the sensor 365 includes
one or more inertial measurement units (IMUs) (such as accelerometers, gyroscope,
and magnetometer), motion sensors, optical sensors, cameras, pressure sensors, heart
rate sensors, altimeter, and the like. The input 350 can also include a control circuit. In
the capacitive scheme, the input 350 can recognize touch or proximity. In certain em-
bodiments, the input 350 includes the antenna 3035 which can emit and recite radar
signals for authenticating a user.

The display 355 may be a liquid crystal display, light emitting diode display, or other
display capable of rendering text and/or at least limited graphics, such as from web
sites, videos, games, images, and the like. The display 255 can be sized to fit within an
HMD. The display 355 can be a singular display screen or multiple display screens
capable of creating a stereoscopic display. In certain embodiments, the display 255 is a
heads-up display (HUD).

The memory 360 is coupled to the processor 340. Part of the memory 360 could
include a random-access memory (RAM), and another part of the memory 360 could
include a Flash memory or other read-only memory (ROM). The memory 360 can
include persistent storage (not shown) that represents any structure(s) capable of
storing and facilitating retricval of information (such as data, program codc, and/or
other suitable information). The memory 360 can contain one or more components or
devices supporting longer-term storage of data, such as a read only memory, hard
drive, Flash memory, or optical disc. The memory 360 also can sensitive and con-
fidential information, which require user authentication prior to accessing.

UE 116 may further include one or more sensors 365 that can meter a physical

quantity or detect an activation state of the UE 116 and convert metered or detected in-
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formation into an electrical signal. For example, the sensor 365 can include one or
more buttons for touch input, a camera, a gesture sensor, an IMU sensors (such as a
gyroscope or gyro sensor and an accelerometer), an eye tracking sensor, an air pressure
sensor, a magnetic sensor or magnetometer, a grip sensor, a proximity sensor, a color
sensor, a bio-physical sensor, a temperature/humidity sensor, an illumination sensor, an
Ultraviolet (UV) sensor, an Electromyography (EMG) sensor, an Electroen-
cephalogram (EEG) sensor, an Electrocardiogram (ECG) sensor, an IR sensor, an ul-
trasound sensor, an iris sensor, a fingerprint sensor, a color sensor (such as a Red
Green Blue (RGB) sensor), and the like. The sensor 365 can further include control
circuits for controlling any of the sensors included therein. Any of these sensor(s) 365
may be located within UE 116, within a secondary device operably connected to UE
116, within a headset configured to hold the UE 116, or in a singular device where UE
116 includes a headset.

As described in more detail below, some approaches are UE 116 dependent. For
example, UEs 116 may be classified into multiple groups, and different power
reduction levels may be applied to different groups of UEs based on classification
criteria.

Although FIGURE 3 illustrates one example of UE 116, various changes may be
made to FIGURE 3. For example, various components in FIGURE 3 could be
combined, further subdivided, or omitted and additional components could be added
according to particular needs. As a particular example, the processor 340 could be
divided into multiple processors, such as one or more central processing units (CPUs)
and one or more graphics processing units (GPUs). Also, while FIGURE 3 illustrates
the UE 116 configured as a mobile telephone or smartphone, UEs could be configured
to operate as other types of mobile or stationary devices.

Systems and methods that are configurable to meet EMF related regulations are
disclosed herein. To implement these solutions, it is important to have an accurate and
efficient algorithm that estimates the radiation power at any distance so that the
country specific EMF regulation(s) can be met.

Current base stations may contain two separate units. One may be a DU while the
other is a massive MIMO (MMU). Modern MMU base stations (e.g., 101 - 103) often
usc a split architccturc with certain functionalitics being performed in the MMU whilce
others are performed in the data/distributed unit DU.

FIGURE 4A illustrates an example of a split architecture for a gNB according to this
disclosure. FIGURE 4A includes DU 410, MMU 420, and transceiver(s) (TRX) 430,
DU 410 performs prescheduling based on multi-user (MU) list 441, received UE
feedback 442, and relevant data received from data center 443, DU 410 transmits the
determined scheduling data to MMU 420. MMU 420 performs advanced signal
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processing 450 and generates a final precoder 460.

While the above described architectural separation, as illustrated in FIGURE 4A has
its advantages in terms of load sharing, multi-tenant hosting, power management etc.,
this architecture may also impose restrictions in terms of information localization. For
example, DU 410 performs pre-scheduling 440, which determines the scheduled UEs
(e.g., UE 116) with the assigned MCS, power, layer, etc. Due to complexity re-
strictions, DU 410 may not be able to access multiple final transmission decisions 460,
which are calculated in the MMU 420. For example, the final scheduled UEs, final
transmission power, scheduled precoder in each sub-band for each UE 116, scheduled
MCS for each UE 116, etc. The limitations mentioned above may cause the radiation
power estimation and tracking to be more challenging for DU 410.

For example, the scheduling and various (radio resource management) RRM
decisions may be made solely at the DU 410 and only pertinent information may be
shared with the MMU 420. A number of advanced signal processing operations 450
are performed only at MMU 420. For example, the number of users and the layers
paired at any transmission time interval (TTI) may be decided at DU 410, but the final
precoding vectors 460 for actual transmission may only be known at MMU 420. MMU
420 may not be able to influence a DU 410 in its decision-making process, and the
final transmitted precoder information 460 may not be known by DU 410.

To comply with additional EMF regulations, certain added functionalities are needed.
Systems and methods illustrating an eNB/gNB using a power estimation to determine a
resource adjustment are disclosed. In the following examples, several alternative
locations to host these added functionalities are provided.

The following architectural proposals illustrate examples of the procedures in which
an eNB/gNB may implement EMF algorithms in different ways.

In accordance with certain embodiments in this disclosure, an EMF controller 470
may be added to the eNB/gNB environment. FIGURE 4B illustrates a DU 410 enabled
operation architecture according to this disclosure. In this embodiment, DU 410 may
estimate the impact of transmission at different azimuth and elevation directions
through EMF controller 470. EMF controller 470 may perform, R, power estimation
and T, power control, irrespective of whether a UE 116 is present at that location. DU
410 may also maintain a running avecrage of the two-dimensional (2-d) heat map in the
azimuth and elevation directions. This constraint may be used by the pre-scheduler 440
at each TTI to select UEs, number of layers, power at each layer, and the appropriate
MCS to assign.

Advantages to this configuration may include the ability to reuse the existing func-
tionality of MMU technology, joint optimization of transmitted power, a number of

layers, and MCS assignment based on the estimate of the peak received power by DU
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410. While this design is more simplified, the design may not provide accurate es-
timation of the received power of any location within the cell. Further, with the con-
figuration of FIGURE 4B, a more conservative scheduling decision from the DU 410
may need to be implemented.

FIGURE 4C illustrates an MMU 420 enabled operation architecture according to this
disclosure. In this architecture configuration, MMU 420 may have the complete in-
formation regarding the final transmit steering vectors for all users per resource block
(RB) through the generation of the final precoder 460. The MMU 420 may compute
and maintain an accurate temporal average of radiated energy patterns along different
azimuth-elevation directions through R, power estimation and T, power control, as
performed by EMF controller 470. By computing and maintaining an accurate
temporal average in this manner, the difference between the physical antenna pattern
and the antenna's datasheet may be ignored. Any potential violation of an EMF
regulated power constraint, in any direction, at any scheduling time, may be mitigated
by reducing the overall transmit power envelope and/or not transmitting the offending
layer(s).

Advantages to this configuration may include the ability of reusing existing func-
tionality of the current MMU 420 without a significant change to the architecture.
However, this embodiment may add additional computational complexity in MMU
420. Further, potential MCS and power override information may not be propagated to
the pre-scheduler 440.

FIGURE 4D illustrates an MMU 420 enabled feedback operation architecture
according to this disclosure. In this configuration, in addition to computing and
maintaining a running average of radiated power in each direction, the MMU 420 may
periodically, via EMF controller 470, share the heat-map with DU 410, as indicated by
480. The pre-schedular 440 may use this periodic information to update its decision on
the user, layer, power, and/or MCS selection.

Advantages to this configuration may include the ability of reusing the existing func-
tionality of the MMU. Further, potential MCS, layer, and power override decisions
may he made at the pre-scheduler 440. However, this embodiment may also add ad-
ditional computational complexity in the MMU 420. This embodiment may also
require periodic fecdback from the MMU 420 to the DU 410.

In accordance with certain embodiments of this disclosure, a new [unction in the
eNB/gNB environment is disclosed. This new functionality may allow the eNB/gNB
the ability to keep track of the (estimated) radiation power at a compliance distance
and trigger certain actions when the received power may potentially become higher
than regulation power limitations.

As described above, an EMF controller 470 may be added to the eNB/gNB (e.g. gNB
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102) environment. The base station may keep track of the radiation power at the given
compliance distance. For example, the EMF controller 470 may maintain a two-
dimensional (2-d) heat map in the azimuth and elevation directions. The heat map may
record the accumulated power in all directions. If the maximum power (among all
defined grids) on the 2-d heat map is higher than the regulation power, the eNB/gNB
102 may begin taking actions. The actions may include, but are not limited to, actions
relating to transmission power control, resource block group (RBG) allocation, and
rescheduling some of the UEs. For example, UEs with certain PMI values may be
rescheduled.

The received power level in all azimuth and elevation dimensions, at required
compliance distance and/or direction of the maximum power over azimuth and
elevation dimensions may be measured by estimation of a regulation threshold breach.
In simple terms, the framework described below may include three components:
gather, measure, and react (GMR). For example, relevant statistics/counters such as
selecting PMIs for transmission on a per TTL bases, transmit power, and/or network
load/RB utilization may be gathered.

The EMF controller 470 may react to the potential threshold breach by adjusting one
or more parameters. Parameters may be adjusted using a variety of methods described
below. a uniform power adjustment, selective power adjustment, uniform resource ad-
justment, selective resource adjustment, direction EMF control (DEC), and/or re-
scheduling UEs with certain PMIs.

RRM algorithms that can be implemented to follow the received power regulation
with different performance requirements are also disclosed herein. For example, non-
degraded average user throughput, improved cell-edge throughput performance, etc.
Multiple exemplary embodiments for reducing the radiated power in response to the
EMF controller 470 indicating that the radiated power could be potentially higher than
the regulation are disclosed herein.

In the following examples, various configurations of applying a power reduction or a
resource reduction are enclosed. These include: a uniform power adjustment, selective
power adjustment, automatic dynamic power reduction, uniform resource adjustment,
selective resource adjustment, and adaptive RB reduction.

In accordance with certain cmbodiments in this disclosurc, a uniform power
reduction may be applied in response (o the EMF controller 470 indicating that the
radiated power could be potentially higher than the regulation threshold. In this em-
bodiment, the transmit power for all UEs 116 may be reduced by the same amount, for
example, by a certain percentage.

In accordance with certain embodiments in this disclosure, a selective power

reduction may be applied in response to the EMF controller 470 indicating the radiated
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power could be potentially higher than the regulation threshold. The selective power
reduction is a UE 116 dependent power allocation. This option may classify UEs 116
into multiple groups. Different power reduction levels may be applied to different
groups of UEs 116. Classification criteria may be based on, for example, the UE's 116
current performance. The UE's 116 current performance may depend on, for example,
offered traffic size, the initial block error rate (iBLER), the data rate, the reported
channel quality indication (CQI) and/or the reference signal received power (RSRP),
and/or any other applicable performance criteria.

In the selective power configuration, UEs 116 may be classified into multiple groups.
For example, UEs 116 may be classified into two groups. In this example, no reduction
of power may be applied to a first group of UE's (Group 1) while a second group of
UEs' (Group 2) power may be reduced by a pre-determined percentage. When the first
group of UEs 116 are commonly scheduled, the transmit power may be set to the
original value or to a previous value. That is, the transmit power (TxP), measured in
Watts, may be set to the original transmit power (TxP_orig), and equally distributed
over all UEs 116 in the group (i.e., Group 1). When the second group of UEs 116 are
commonly scheduled, the transmit power may be reduced by a percentage (x%) of the
previous value(s); i.e., TxP = TxP_orig*(1-x%), and equally distributed over all users.

The example described above of classifying the UEs into two groups is for ex-
planatory purposes, and this disclosure is not in any way limited to two groups. For
example, number of groups may be extended to N, where N > 2 groups. In each group,
the transmit power may be reduced by x1%, x2%....,.xN% of the previous value
supplied.

Multiple options may be available based on the number of users (N) in each group. In
a first example, N1 Group1 users and N2 Group?2 users are commonly scheduled. For
example, the total transmit power allocated to each user may be set to the original
value, i.e. TXP_orig, and distributed over all users. That is, the total transmit power (in
Watts) allocated to each user = TxP_orig/(N1+N2).

In a second example, the total transmit power may be set to the reduced power; i.e.,
TxP_orig(1-x%) and equally distributed over all users. In other words,
TxP_orig(1-x%)/(N1+N2) Watts may be allocated to each user.

In a third cxample, an uncqual power allocation over Group 1 uscrs and Group 2
users may be applied. For example, each Group 1 user may be allocated with
TxP_orig/(N1+N2) Watts of power and each Group 2 user may be allocated with
TxP_orig*(1-x%)/(N1+N2) Watts of power. The total transmit power will be
(NT4+N2-N2*x%)TxP_orig Watts.

In accordance with certain embodiments in this disclosure, an automatic dynamic

power reduction may be applied in response to the EMF controller 470 indicating the
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radiated power could be potentially higher than the regulation threshold. In this
example, the power reduction may be dynamically changed over time based on
predefined criteria. For example, the following algorithm (table 1 may be applied to
automatically find power set point for all users.

[Table 1]

Init()

S1 = set of all users in the system
P1 = full power for all users
Run()

Iterate till regulation criteria met

Reduce power by 3, dB for all users in set S1
P1=Pl- 5 (indB)
S2 = set of users identified to be in "No-power reduction” group

Reset user power for S2 back to P1
S1=S1\82;

In accordance with certain embodiments in this disclosure, a uniform RBG reduction
may be applied in response to the EMF controller 470 indicating the radiated power
could be potentially higher than the regulation threshold. That is, RBG usage for all
UEs 116 and TTL's may be reduced.

In accordance with certain embodiments in this disclosure, a selective RBG reduction
may be applied in response to the EMF controller indicating the radiated power could
be potentially higher than the regulation threshold. That is, non-traffic based RBG al-
location may be applied to selective UEs.

In selective RBG reduction configuration, UEs 116 may be classified into multiple
groups. For example, UEs 116 may be classified into two groups, Group 1 and Group
2. For the Group 1 UEs, reduced RBG usage for the required traffic may be applied at
certain TTIs, or whenever they are scheduled, i.e., the number of allocated RBGs is x%
of the required RBGs. For the Group 2 UEs, full RBG allocation may be applied in all
transmissions; i.e., the RBG allocation is based on the offered traffic.

Similar to the selective power adjustment configuration, the classification criteria of
UE 116 groups for RBG reduction may be iBLER, reported CQI or RSRP, etc.

The example described above is based on classifying the UEs 116 into groups for ex-
planatory purposes, and this disclosure is not in any way limited to two groups. The
number of groups may be extended to N, where N > 2 groups. In each group, the al-
location may be x1%, x2%,...,xN% of thc RBGs rcquired by the offered traffic, re-

spectively.
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In accordance with certain embodiments in this disclosure, an adaptive RB reduction
may be applied in response to the EMF controller indicating the radiated power could
be potentially higher than the regulation threshold. In this embodiment, less than
required RBGs are allocated to commonly scheduled UEs at certain TTIs.

In the adaptive RB reduction configuration, preconfigured conditions may be set to
trigger an RB reduction. For example, when the number of times that a group of UEs
are commonly scheduled is larger than a threshold, the RB reduction may be triggered
when this group of UEs are commonly scheduled. When this condition or another pre-
configured condition is met, a restricted RB allocation algorithm for commonly
scheduled UEs may be applied.

For example, the RBs for all commonly scheduled UEs whenever the preconfigured
condition is met may be applied. Another option may be to apply unequal RB al-
locations to commonly scheduled UEs when a preconfigured condition is met. One
example of an unequal RB allocation configuration may be to only restrict RB usage
for some of the commonly scheduled UEs while allocating the full RBs required by the
traffic to other commonly scheduled UEs.

In addition to the power/resource reduction examples provided above, other config-
urations are also available. These include direction specific and resource specific
reduction options, dynamic numerology change, traffic specific dynamic power and
resource reduction, and load balancing options.

In accordance with certain embodiments in this disclosure, direction specific power
and/or direction specific resource reduction may be applied in response to the EMF
controller indicating the radiated power could be potentially higher than the regulation
threshold. In this configuration, the DU 410 may be able to predict the maximum
received power and its direction without performing the channel matrix inversion.
When the estimated maximum received power is larger than the regulation, any com-
bination of the following alternatives action may be applied: directional power
reduction, directional RB reduction, re-selecting commonly scheduled UEs, or
switching from MU-MIMO to SU-MIMO.

One example of a directional power reduction may be to reduce power of the UEs
with certain PMIs or channel conditions. One example of the directional RB reduction
may bc reducing the RB assignment for the UEs with certain PMIs or channcl
conditions. One example ol re-selecting commonly scheduled UEs may be avoiding
scheduling UEs with certain PMIs or channel conditionals.

In accordance with certain embodiments in this disclosure, a dynamic numerology
change configuration may be applied in response to the EMF controller 470 indicating
the radiated power could be potentially higher than the regulation threshold. In this

method, the slot length or slot format can be adapted to the determined power as-
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sumption.

In accordance with certain embodiments in this disclosure, a traffic specific dynamic
power and resource reduction configuration may be applied in response to the EMF
controller indicating the radiated power could be potentially higher than the regulation
threshold. In this configuration, the transmission power may be reduced, based on the
offered traffic size. For example, to minimize degradation of the UE experience, no
RB/power reduction is allowed for a small packet(s).

In accordance with certain embodiments in this disclosure, a load balancing con-
figuration may be applied in response to the EMF controller indicating the radiated
power could be potentially higher than the regulation threshold. In this configuration,
the transmission power may be reduced, based on the offered traffic size. Improved
load-balancing across sectors and carriers may be realized in order to harmonize user
distribution. To minimize the coverage hole due to the reduced transmission power,
eNB/gNB may trigger the load-balancing algorithm to move users to other carriers or
to other sectors.

In the following section, procedures regarding how eNB/gNB uses the measurement
to determine whether the power adjustment follows the regulation are disclosed. For
example, a regulation requirement may be that the power density (averaged over 6
mins) should be lower than a threshold. This procedure may be extended to other
resource adjustment to meet any power constraint, .g., RBG adjustment.

One method is a single interval power determination. In this method, the maximum
grid power (across the elevation and azimuth direction) in the checking period i-1 to
determine the backoft factor for the checking period i. For example, there are N+1
checking periods within the defined averaged time window. e.g., 6 minutes. This
methaod is to make sure that the power density within each checking period, N,
complies with the regulation, as shown in FIGURE 5A.

With reference to FIGURE 5A, one implementation of a single interval power back
off determination method is illustrated below. This illustration assumes that the entire
sector is divided into M grid points (in elevation and azimuth domain). If the

maximum grid beam gain is:

[Math.2]

G__G-1)=max G (i-1)
Where

G, (Gi-1)

is the average beam gain over the checking period i-1 on grid m; and P_reg is the
regulation power density required at distance d. The backoff factor can be computed

ds:
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P
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i-1

is the additional backoff parameter, which compensates the inaccurate prediction of

the beam gain in period i using the beam gain in the period i-1.
P (i-1)
is the transmit power in the check period i-1. One checking period may contain
multiple TTIs (e.g., 500 TTIs).

Lk
is the power adjustment factor applied in the checking period i. In other words, the

transmission power in the checking period i is

Pﬁx yf

, where

Fad

is the full transmit power.

[132] Another method illustrating how eNB/gNB 102 uses the measurement to determine
whether the power adjustment follows the regulation is through a multi-interval power
determination. This method may use multi checking periods (o obtain the back-ofl
parameter, as illustrated in FIGURE 5B. Assuming there are N+1 checking periods
within the defined averaged time window, (e.g., 6 minutes), average the power from
multiple checking periods, (e.g.,<= N) to derive the backoff factor gamma.

[133] In one example, the backoff parameter at period T+1 may be derived from previous
T periods as [ollows:

[134] [Math.4]

I
Z \‘( reg

fen "Nl SR e
[135] [Math.5]
G, DOP,
4 d®

[136] In another example, the maximum power P across all dimension m's from the

P (D=

previous T periods and derive the backoff parameter at a period T+1 from the power P

as follows:
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[139] In addition to the configurations described above, other embodiments and config-
urations to reducc the radiated power in response to the EMF controller 470 indicating
that the radiated power may be potentially higher than the regulation, are also
disclosed. As described above, an exemplary architecture for estimating radiation
power at DU 410 side is illustrated in FIGURE 4B. FIGURE 6 illustrates an alternative
exemplary architecture for estimating radiation power at the DU 410 side. In the
cxcmplary cmbodiment of FIGURE 6, a PMI bascd opcrational architccturc 490 is
disclosed. Given the [eedback of the UE's PMI 442, DU 410 may adjust the selected
UEs 116 and layers with assigned MCS and transmitted power. In this example em-
bodiment, the PMI assignments for the selected UEs are determined by DU 410.

[140] For example, based on the embodiment of FIGURE 6, a user specific power
reduction configuration may be combined with a modified MU-MIMO scheduling. In
the selective power reduction algorithm described, a modified MU-MIMO scheduling
to accommodate unequal transmit power for different group of users is disclosed.

[141] The following example illustrates the configuration above by dividing the users into
two groups, i.e., Group 1 users and Group 2 users. In this configuration, Group 1 users
are commonly scheduled only with other Group 1 users, and Group 2 users may be
commonly scheduled only with other Group 2 users. In other words, a user of Group 1
will not be commonly scheduled with a user of Group 2 and vice versa. First, in the
MU-MIMO scheduling, a primary user(s) is determined. If the primary user is a Group
1 user, only Group 1 users may be permitted to be commonly scheduled. If the primary
user 18 a Group 2 user, only Group 2 users may be permitted to be commonly
scheduled,

[142] The following section describes several solutions for the estimation under this archi-
tectural design including: DU enabled simplified power estimation, grid-based power
estimation in MU-MIMO systems, and non-grid-based power estimation in MU-
MIMO systems.

[143] FIGURE 7 illustrates a simplified flowchart for a DU 410 enabled power estimation
and adjustment. The embodiment of steps to obtain the method as shown in FIGURE 6
is for illustration only. One or more of the components illustrated in FIGURE 6 can be

implemented in specialized circuitry configured to perform the noted functions or one
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or more of the components can be implemented by one or more processors executing
instructions to perform the noted functions.

At step 710, DU 410 estimates the radiation power at a configurable distance. For
example, the distance may be the compliance distance required by the operator. Next,
at step 720, DU 410 compares the estimated power with one or more pre-configured
requirements. For example, the regulation power defined by the operator, the
maximum target power at certain distance, etc. At step 730, DU 410 determines if the
transmission power should be adjusted. Next, at step 740, DU 410 records the adjusted
transmission power if the power adjustment is performed. Once step 640 completes,
the method returns to step 710. In other words, steps 710-740 are ongoing.

In the following section of this disclosure, several grid-based power estimation
methods in MU-MIMO systems are disclosed. These methods include power es-
timation in MU-MIMO without zero forcing, power estimation in MU-MIMO with
zero forcing, and dynamic grid size and dynamic grid change.

FIGURE 8 illustrates an exemplary diagram of a grid-based power estimation that
may be used in MU-MIMO systems. In the grid-based power estimation of FIGURE 8§,
the power radiation in the azimuth and elevation domains are shown. Multiple grids are
generated to show the radiation power distribution from the base station. As illustrated
in FIGURE 8, the power is recorded in each labeled grid. The power can be an ac-
cumulated power over a period of time or the average power over a period of time.

Using the approach described above and depicted in FIGURE 8, the full picture of
the power distribution in azimuth and elevation domain may be captured. The grid size
can be implementation dependent. For example, a smaller number of grids may lead to
less computation but more inaccurate estimation of the power in different directions. A
larger number of grids may lead to accurate power estimation but may have a larger
storage requirement.

Additionally, the approach described above eases the calculation for directional
power adjustment. Once the power distribution is known in different directions, the
power adjustment can be directional. In other words, the transmitted power may only
need to be adjusted for certain directions. For example, the directions in which the
radiation power is higher than the regulation.

The approach described above may also add flexibility to the power adjustment. For
example, the power adjustment does not need (o target all directions and/or all UEs.
Only UEs that contribute to the radiation power in the remarked direction are
transmitted with the adjusted power. The above described approach may also minimize
the system performance loss due to unnecessary power reduction because there is no
need to adjust the transmit power for all UEs and in all directions. Due to potential lim-

itations of DU 410, the number of grids may need to be small.
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The following section describes various methods to estimating power in MU-MIMO
systems without zero forcing. These approaches include using an online calculation to
compute the radiation power, using oftline generated PMI to grid mapping table to
compute the radiation power, and using multiple PMI to grid mapping strategies.

In this example, an online calculation to compute the radiation power from the DU
410 side is disclosed. This approach may be used in different MU-MIMO systems. For
example, in SRS based or PMI based systems.

In the above described approach, precoder w, is used as an input to calculate the
transmit power with aggregated beam gain in one RBG, iRBG. For example:

[Math.8]
P({RBG)=P), g} G,,(w, . iRBG)

where, wy: scheduled PMI (or scheduled channel conjugate) for UE k in the iRBG
7 8.
: antenna gain in the direction of
(6,0)
G,,(w.iRBG)
can be expressed in several ways:
[Math.9]
Gy (W, IBRBGY = {hg o (3 1 nT o) » wy (enTx, (RBGY :
[Math.10]
G%{wi, IRBGY
=]§%{;vz %:5}« wk(l:%gyiﬁﬁﬁjr
+ }}u ” ( @ +4 sz:z} w0y {%3 + !:?sz,z’RBG:{r
[Math.11]

# o (o #venm Yo (s tncams |

Altcrnatively, to further reduce the computation complexity of the size of DU 410, an
olfline generated PMI (o grid mapping table to compute the radiation power may be
used. This solution computes the transmit power offline first. Once that is done, the
radiation power for a given PMI may be mapped to different grids.

FIGURE 9 illustrates an exemplary Radiation Power Table for PMJ; according to this
disclosure. For example, if there are 1024 PMls, there will be 1024 radiation power
tables. DU 410 can simply use the radiation power table to find the radiation power on
the grid m for a given PMI.

Another approach may be to use multiple PMI to grid mapping strategies for power
estimation methods in MU-MIMO systems. FIGURE 10 illustrates an exemplary il-
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lustration of a precoder relationship before and after matrix generation and inversion.
Given the potentially large number of PMIs, in order to reduce both the complexity
and storage requirements of the DU side, several PMI to grid mapping strategies,
which use a reduced number of coarse grids to compute an estimate of the radiated
power, are disclosed.

This solution requires the offline mapping of every PMI to all antenna directions to
be performed once. Once this is completed, multiple antenna directions with fine
granularity, which are referred to as the fine grids in this disclosure, are grouped into
coarse grids based on their proximity in

(0,6)

-domain. This will reduce the size of the PMI to grid mapping, due to the reduced
number of grids. Next, instead of using the fine-grid PMI to grid mapping as described
above with respect to FIGURE 9, the reduced coarse-grid PMI to grid mapping can be
used to estimate the radiated power in different antenna directions. An example
scenario with four coarse grids, bounded by the thick black border and each having
four fine grids, is illustrated in FIGURE 10, For each PMI, the estimated radiated
power for a coarse grid can be computed using several different mapping strategies.
Several mapping strategies are described below.

For example, a max mapping strategy may be used. In this approach, given n fine
grids in a coarse grid and n corresponding radiated power, the maximum radiated
power among n fine grids is selected as the radiated power estimation of the coarse
grid. For example, for the left uppermost coarse grid 1010, the estimated radiated
power for PMI j may be expressed as:

[Math.12]
max( P, j. P, j.P, . P J)

An edge grid mapping strategy may also be used. In this approach, given n fine grids
in a coarse grid and n corresponding radiated power, the radiated power at the fine grid
which is located at the edge of its corresponding coarse grid is selected as the radiated
power estimation of the coarse grid. For example, for the left uppermost coarse grid
1010, the estimated radiated power for PMLP,_j, assuming that the left uppermost fine
grid 1020 represents the radiated power in the coarse grid uppermost fine grid 1020
resides in.

Another mapping strategy is to use an average mapping strategy. In this approach,
given n fine grids in a coarse grid and n corresponding radiated power, the average
radiatcd power across n finc grids may be uscd as the radiatcd power cstimation of the
coarse grid. For example, [or the left uppermost coarse grid 1020, the estimated

radiated power for PMI_j is:



WO 2022/019541 PCT/KR2021/008748

[168]

[169]

[170]

[171]
[172]
[173]

[176]

[177]

26
[Math.13]
4
2P, J
i=1
Another example of a mapping strategy that may be used is an X percentile mapping

strategy. Given n fine grids in a coarse grid and n corresponding radiated power, the X-
th percentile of n radiated power values is used as the radiated power estimation of the
coarse grid. FIGURE 9 illustrates an exemplary scenario with eight course grids, each
consisting of four fine grids. For example, for the left uppermost coarse grid 1010, the
estimated radiated power for PMI_j with X® percentile may be computed as follows:

Without loss of generality, assume that Py; < P, <Py <Py ;. Then, P,_j, P,_j, Po_j, P
10_j are assigned to 12.5, 37.5, 62.5 and §7.5 percentile.

Then, linear interpolation is used for the percentiles in between.

For example, the 25th percentile is: (P,_j+P,_j)/2.

The following section describes estimating power in MU-MIMO systems with zero
forcing. Due to some potential limitations with computation of power, the DU 410 site
may not be able to perform a matrix inversion. In this scenario, the final precoder for
MU-MIMO after zero forcing may not be known at the DU 410 site. To overcome this
challenge, using a precoder before zero forcing as the input of the radiation power es-
timation is proposed. As indicated in FIGURE 11, the precoder, before matrix
inversion, is used as the input to calculate the radiation power. v1, v2, .. vk are the
scheduled PMIs or the scheduled UE channel conjugates for the MU-MIMO as
described above in the power estimation in MU-MIMO without zero forcing.

The following section of this disclosure describes using a dynamic grid size and/or a
dynamic grid change to estimate power in MU-MIMO systems.

FIGURE 12A illustrates an exemplary cell dependent grid size; i.e., the grid size is
different from cell to cell. For example, cell 1 has 30 grids for marking the radiation
power and cell 2 has 16 grids for marking the radiation power grid.

In a dynamic grid size approach, a non-fixed number of grids may be used in the
power estimation. In other words, the number of grids used for power estimation can
be changed over time, changed with different cells, or changed in another available
way. For example, for a given cell, the number of grids used for the radiation power
cstimation can be changed over time. At a time, ¢, the number of grids uscd for the
radiation power estimation can be dillerent [rom cell (o cell.

FIGURE 12B illustrates the exemplary dynamic change of the grid size and range
over time. In a dynamic grid range approach, the elevation and azimuth ranges of the
grid can be changed over the time, changed with different cells, or changed in another

available way. For example, for a given cell, the grid range used for the radiation
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power estimation can be changed with the time based on different criteria. The criteria
may be UE channel state information (CSI) feedback, UE traffic, cell load, or any
other appropriate criteria. At a time, ¢, the range of grid used for the radiation power
estimation can be different from cell to cell. For example, UE traffic, UE feedback, etc.

For example, at a given time, #; the cell can have 40 grids with elevation angles
(theta) ranging from 80 to120 degree and azimuth angles (phi) ranging from -45 to 45
degree. At another time, the cell can have 30 grids with a smaller range, which are 90
to 110 degree of elevation and -35 to 30 degree of azimuth.

An alternative to grid-based power control method is to use number of scheduled
layers as a proxy to power scaling. The reason is that when L layers are commonly

scheduled, the power assigned to each layer would be

1

£
of the total power. After ZF-precoding the transmit vectors are orthogonal. If they il-

luminate non-overlapping segments ol the sector, it may be presumed that the
maximum power received by any direction is maximum beam-gain divided by L. In
one incarnation of the solution during power aggregation or averaging at TTI (t), the

maximum power per sector may be

P GPDSCH
L, and’ T

(max)

number of layers are commonly scheduled for SU or Mu transmission. The average

power over a period of T transmissions may be given by:

P 1 &P G ppgey (MAx)

" T .f,:le And-®

. The final backoff factor would be calculated based on how much P, is larger than P
reg-

FIGURE 13 illustrates an example process flowchart 1300 for complying with EMF
cxposurc regulations. the regulations of cxposurc to EMFs. The steps that follow may
be performed by a base station, such as gNB 102, that can manage electromagnetic
field (EMF) radiation in accordance with this disclosure. At step 1302, gNB 102 may
determine one or more radiation power related parameters. The one or more radiation
power related parameters may include precoding vectors selected for transmission on a
transmission time interval (TT1) basis, a transmit power, and resource block (RB) uti-
lization. At step 1304, gNB 102 may estimate, based on one or more radiation power
related parameters, a time-averaged radiation power over a predefined time window in
azimuth and elevation dimensions. For example, the time-averaged radiation power

may be determined based in part on precoding vectors before zero forcing, a number of
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scheduled layers as a proxy to power scaling, or the layers in SU-MIMO as a proxy to
power scaling. At step 1306, gNB 102 may determine a direction of a maximum time-
averaged radiation power among the estimated time-averaged radiation power. At step
1308, gNB 102 may adjust one or more transmission parameters based on determining
that the maximum time-averaged radiation power in the direction is higher than a
threshold.

While this disclosure focuses on EMF, certain embodiments herein may be applied to
any system in which received power optimization is required. For example, any system
where received power at certain locations are restrictive. Certain embodiments of this
disclosure may be applied in any case where the received power to a certain
direction(s) needs to be estimated/predicted at a base station. In other words, this
disclosure 1s not limited to the EMF domain.

This disclosure can be applied to any case that may need to improve the cell edge
user performance or to mitigate the coverage hole. The disclosure can be used in places
where MU-MIMO/SU-MIMO switch is required. The disclosure can be used for the
optimization of MU-MIMO scheduling. The disclosure can also be used in any case
that the enhanced scheduling of commonly scheduled layers/MCS/transmission power
may be required.

Certain embodiments of this disclosure can also be applied to any case in which in-
terference from the eNB/gNB needs to be controlled.

Certain embodiments of this disclosure may be applied to any case where the power
estimation needs to be simplified for MU-MIMO implementations.

Certain embodiments of this disclosure can be applied in any case in which the
radiation power restriction is required at any distance,

Certain embodiments of this disclosure can be applied in any case in which PMI to
grid mapping is used for radiation power estimation.

Certain embodiments of this disclosure may be applied in the transmission power
control for MU-MIMO implementations.

According to various example embodiments, a base station may include: a
transceiver; and a processor operably connected to the transceiver; the processor
configured to: determine one or more radiation power related parameters, the one or
morc radiation powcr rclated parameters including precoding vectors sclected for
transmission on a transmission time interval (TTI) basis, a transmit power, and
resource block (RB) utilization; estimate, based on the one or more radiation power
related parameters, a time-averaged radiation power over a predefined time window in
azimuth and elevation dimensions; determine a direction of a maximum time-averaged
radiation power among the estimated time-averaged radiation power; and adjust one or

more transmission parameters based on determining that the maximum time-averaged
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radiation power in the direction is higher than a threshold.

According to various example embodiments, wherein to adjust the one or more
transmission parameters, the processor is further configured to one of: a) reduce a
transmit power to a plurality of electronic devices by a percentage that is based on the
threshold; or (b) classify the plurality of electronic devices into groups, wherein
different power reduction levels are applied to different groups of electronic devices,
based on one or more threshold criteria, wherein the one or more threshold criteria
includes one or more of offered traffic size, an initial block error rate (iBLER), a data
rate, a reported channel quality indication (CQI), and a reference signal received power
(RSRP); and reduce the transmit power to a first of the groups of electronic devices by
a percentage that is based in part on the threshold while maintaining the transmit power
to a second of the groups; or (c) switch from a multi-user, multiple-input and multiple
output (MU-MIMO) mode to a single-user, multiple-input and multiple output
(SU-MIMO) mode.

According to various example embodiments, wherein to adjust the one or more
transmission parameters, the processor is further configured to: reduce a transmit
power in the direction to a first group of electronic devices by a percentage that is
based on one or more threshold criteria for a predefined time window; after reducing
the transmit power, determine whether the radiation power in the direction is higher
than the threshold; and in response to determining that the radiation power in the
direction is higher than the threshold, reduce the transmit power in the direction to a
second group of electronic devices for the predefined time window.

According to various example embodiments, wherein to adjust the one or more
transmission parameters, the processor is further configured to: (a) reduce resource
block group (RBG) utilization to a plurality of electronic devices for TTIs; or (b)
classify the plurality of electronic devices into groups based on device performance
criteria including at least one of error rate, data rate, reported channel quality, and
reported signal power; and reduce RBG utilization at scheduled TTIs for a first of the
groups while maintaining RBG allocation to a second of the groups.

According to various example embodiments, wherein the processor is further
configured to: identify a number of electronic devices being commonly scheduled that
belong to a first group of clectronic devices; and in responsc to determining that the
number of electronic devices belonging (o the [irst group of electronic devices is
greater than a threshold: apply a restricted RB allocation or a power reduction to all the
electronic devices that are commonly scheduled; or apply the restricted RB allocation
or a power reduction to a first group of electronic devices that are commonly
scheduled, while maintaining RB allocation or power allocation for a second group,

wherein the first group of electronic devices belong to the commonly scheduled group
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of electronic devices.

According to various example embodiments, wherein to adjust the one or more
transmission parameters, the processor is further configured to: classify a plurality of
electronic devices into groups based on radiation power in the direction; and reduce the
transmit power for a first group of electronic devices in the direction while maintaining
the transmit power in other directions.

According to various example embodiments, wherein the processor is further
configured to: determine whether the maximum time-averaged radiation power meets
the threshold by one of: determine a backoff factor for a time period based on the
maximum time-averaged radiation power in the azimuth and elevation dimensions for
a plurality of time periods; or determine a backoff parameter for a time period based on
determining an average transmit power over multiple time periods.

According to various example embodiments, wherein to estimate the time-averaged
radiation power over a predefined time window in the azimuth and elevation di-
mensions comprises: determine the transmit power; and map a precoding matrix
indicator (PMI) to the radiation power on grids based on a radiation power table,
wherein the mapping comprises at least one of: select the maximum radiated power
among a plurality of fine grids, select the radiated power at the fine grid located at the
of its corresponding course grid, select an average radiated power across a plurality of
fine grids; and select a percentile of radiated power values based on a plurality of fine
grids.

According to various example embodiments, wherein a number of grids used for the
radiation power estimation changes based on at least one parameter, wherein the at
least one parameter comprises one or more of user equipment (UE) channel state in-
formation (CSI) feedback, UE traffic, and cell load; or wherein the elevation and
azimuth ranges of the grid can be changed based on at least one parameter.

According to various example embodiments, wherein to estimate the time-averaged
radiation power over a predefined time window in the azimuth and elevation di-
mensions, the processor is further configured to one of: determine the radiation power
based in part on precoding vectors before zero forcing; determine the radiation power
based on a number of scheduled layers as a proxy to power scaling; or determine the
radiation power bascd on laycrs in single-user, multiplc-input and multiple output
(SU-MIMO) as the proxy (o power scaling.

According to various example embodiments, a method for managing electromagnetic
tield (EMF) radiation, the method comprise: determining one or more radiation power
related parameters, the one or more radiation power related parameters including
precoding vectors selected for transmission on a transmission time interval (TTI) basis,

a transmit power, and resource block (RB) utilization; estimating, based on the one or



WO 2022/019541 PCT/KR2021/008748

[199]

[200]

[201]

[202]

31

more radiation power related parameters, a time-averaged radiation power over a
predefined time window in azimuth and elevation dimensions; determining a direction
of a maximum time-averaged radiation power among the estimated time-averaged
radiation power; and adjusting one or more transmission parameters based on de-
termining that the maximum time-averaged radiation power in the direction is higher
than a threshold.

According to various example embodiments, wherein adjusting the one or more
transmission parameters comprises one of: (a) reducing a transmit power to a plurality
of electronic devices by a percentage that is based on the threshold; or (b) classifying
the plurality of electronic devices into groups, wherein different power reduction levels
are applied to different groups of electronic devices based on one or more threshold
criteria, wherein the one or more threshold criteria includes one or more of offered
traffic size, an initial block error rate (iBLER), a data rate, a reported channel quality
indication (CQI), and a reference signal received power (RSRP); and reducing the
transmit power to a first of the groups of electronic devices by a percentage that is
based in part on the threshold while maintaining the transmit power to a second of the
groups; or (c) switching from a multi-user, multiple-input and multiple output
(MU-MIMO) mode to a single-user, multiple-input and multiple output (SU-MIMO)
mode.

According to various example embodiments, wherein adjusting the one or more
transmission parameters comprises: reducing a transmit power in the direction to a first
group of electronic devices by a percentage that is based on one or more threshold
criteria for a predefined time window; after reducing the transmit power, determining
whether the radiation power in the direction is higher than the threshold; and in
response to determining that the radiation power in the direction is higher than the
threshold, reducing the transmit power in the direction to a second group of electronic
devices for the predefined time window.

According to various example embodiments, wherein adjusting the one or more
transmission parameters comprises: (a) reducing resource block group (RBG) uti-
lization to a plurality of electronic devices for TTIs; or (b) classifying the plurality of
electronic devices into groups based on device performance criteria including at least
onc of crror ratc, data ratc, reported channcl quality, and reported signal power; and
reducing RBG utilization at scheduled TTIs [or a [irst of the groups while maintaining
RBG allocation to a second of the groups.

According to various example embodiments, further comprising: identifying a
number of electronic devices being commonly scheduled that belong to a first group of
electronic devices; and in response to determining that the number of electronic

devices belonging to a first group of electronic devices is greater than a threshold;
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applying a restricted RB allocation or a power reduction to all the electronic devices
that are commonly scheduled; or apply the restricted RB allocation or a power
reduction to a first group of electronic devices that are commonly scheduled, while
maintaining RB allocation or power allocation for a second group, wherein the first
group of electronic devices belong to the commonly scheduled group of electronic
devices.

According to various example embodiments, wherein adjusting the one or more
transmission parameters comprises: classifying a plurality of electronic devices into
groups based on radiation power in the direction; and reducing the transmit power for a
first group of electronic devices in the direction while maintaining the transmit power
in other directions.

According to various example embodiments, further comprising: determining
whether the maximum time-averaged radiation power meets the threshold by one of:
determining a backoff factor for a time period based on the maximum time-averaged
radiation power in the azimuth and elevation dimensions for a plurality of time
periods; or determining a backoff parameter for a time period based on determining an
average transmit power over multiple time periods.

According to various example embodiments, wherein estimating the time-averaged
radiation power over a predefined time window in the azimuth and elevation di-
mensions comprises: determining the transmit power; and mapping a precoding matrix
indicator (PMI) to the radiation power on grids based on a radiation power table,
wherein the mapping comprises at least one of: selecting the maximum radiated power
among a plurality of fine grids, selecting the radiated power at the fine grid located at
the of its corresponding course grid, selecting an average radiated power across a
plurality of fine grids; and selecting a percentile of radiated power values hased on a
plurality of fine grids.

According to various example embodiments, wherein a number of grids used for the
radiation power estimation changes based on at least one parameter, wherein the at
least one parameter comprises one or more of user equipment (UE) channel state in-
formation (CSI) feedback, UE traffic, and cell load; or wherein the elevation and
azimuth ranges of the grid can be changed based on at least one parameter.

According to various cxample cmbodiments, wherein cstimating the time-averaged
radiation power over a prede(ined time window in the azimuth and elevation di-
mensions comprises one of: determining the radiation power based in part on
precoding vectors before zero forcing; determining the radiation power based on a
number of scheduled layers as a proxy to power scaling; and determining the radiation
power based on layers in single-user, multiple-input and multiple output (SU-MIMO)

as the proxy to power scaling.
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It should be noted that the illustrated regions of the figures are merely examples.
Also, it should be noted that although the above illustrations are shown in two di-
mensions, the zones are often three dimensional. It also should be noted that for clarity
and ease of illustration, the figures are not necessarily made to scale.

While the above detailed diagrams have shown, described, and pointed out novel
features of the present disclosure as applied to various embodiments, it will be un-
derstood that various omissions, substitutions, and changes in the form and details of
the device or process illustrated may be made by those skilled in the art without
departing from the present disclosure. This description is in no way meant to be
limiting, but rather should be taken as illustrative of the general principles of the
present disclosure.

Although the present disclosure has been described with exemplary embodiments,
various changes and modifications may be suggested to one skilled in the art. It is
intended that the present disclosure encompass such changes and modifications as fall
within the scope of the appended claims. None of the description in this application
should be read as implying that any particular element, step, or function is an essential
element that must be included in the claims scope. The scope of patented subject

matter is defined by the claims.
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Claims

A base station for managing electromagnetic field (EMF) radiation in a
wireless communication system, the base station comprising:

a transceiver; and

a processor operably connected to the transceiver; the processor
configured to:

determine one or more radiation power related parameters, the one or
more radiation power related parameters including precoding vectors
selected for transmission on a transmission time interval (TT1) basis, a
transmit power, and resource block (RB) utilization;

estimate, based on the one or more radiation power related parameters,
a time-averaged radiation power over a predefined time window in
azimuth and elevation dimensions;

determine a direction of a maximum time-averaged radiation power
among the estimated time-averaged radiation power; and

adjust one or more transmission parameters based on determining that
the maximum time-averaged radiation power in the direction is higher
than a threshold.

The base station of Claim 1, wherein to adjust the one or more
transmission parameters, the processor is further configured to one of:
(a) reduce a transmit power to a plurality of electronic devices by a
percentage that is based on the threshold; or

(b) classify the plurality of electronic devices into groups, wherein
different power reduction levels are applied to different groups of
electronic devices, based on one or more threshold criteria, wherein the
one or more threshold criteria includes one or more of offered traffic
size, an initial block error rate (IBLER), a data rate, a reported channel
quality indication (CQI), and a reference signal received power
(RSRP); and

reduce the transmit power to a first of the groups of electronic devices
by a percentage that is based in part on the threshold while maintaining
the transmit power to a second of the groups; or

(¢) switch from a multi-user, multiple-input and multiple output
(MU-MIMO) modc to a singlc-uscr, multiplc-input and multiplc output
(SU-MIMO) mode.

The base station of Claim 1, wherein to adjust the one or more

transmission parameters, the processor is further configured to:
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reduce a transmit power in the direction to a first group of electronic
devices by a percentage that is based on one or more threshold criteria
for a predefined time window;

after reducing the transmit power, determine whether the radiation
power in the direction is higher than the threshold; and

in response to determining that the radiation power in the direction is
higher than the threshold, reduce the transmit power in the direction to
a second group of electronic devices for the predefined time window.
The base station of Claim 1, wherein to adjust the one or more
transmission parameters, the processor 1s further configured to:

(a) reduce resource block group (RBG) utilization to a plurality of
electronic devices for TTIs; or

(b) classify the plurality of electronic devices into groups based on
device performance criteria including at least one of error rate, data
rate, reported channel quality, and reported signal power; and

reduce RBG utilization at scheduled TTTs for a first of the groups while
maintaining RBG allocation to a second of the groups.

The base station of Claim 1, wherein the processor is further configured
to:

identify a number of electronic devices being commonly scheduled that
belong to a first group of electronic devices; and

in response to determining that the number of electronic devices
belonging to the first group of electronic devices is greater than a
threshold:

apply a restricted RB allocation or a power reduction to all the
electronic devices that are commonly scheduled; or

apply the restricted RB allocation or a power reduction to a first group
of electronic devices that are commonly scheduled, while maintaining
RB allocation or power allocation for a second group, wherein the first
group of electronic devices belong to the commonly scheduled group of
electronic devices.

The basc station of Claim 1, wherein to adjust the onc or morc
(ransmission paramelers, the processor is [urther configured (o:

classify a plurality of electronic devices into groups based on radiation
power in the direction; and

reduce the transmit power for a first group of electronic devices in the
direction while maintaining the transmit power in other directions.

The base station of Claim 1, wherein the processor is further configured
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to:

determine whether the maximum time-averaged radiation power meets
the threshold by one of:

determine a backoff factor for a time period based on the maximum
time-averaged radiation power in the azimuth and elevation dimensions
for a plurality of time periods; or

determine a backoff parameter for a time period based on determining
an average transmit power over multiple time periods.

The base station of Claim 1, wherein to estimate the time-averaged
radiation power over a predefined time window in the azimuth and
elevation dimensions comprises:

determine the transmit power; and

map a precoding matrix indicator (PMI) to the radiation power on grids
based on a radiation power table, wherein the mapping comprises at
least one of:

select the maximum radiated power among a plurality of fine grids,
select the radiated power at the fine grid located at the of its corre-
sponding course grid,

select an average radiated power across a plurality of fine grids; and
select a percentile of radiated power values based on a plurality of fine
grids.

The base station of Claim 8, wherein a number of grids used for the
radiation power estimation changes based on at least one parameter,
wherein the at least one parameter comprises one or more of user
equipment (UE) channel state information (CSI) feedback, UE traffic,
and cell load; or

wherein the elevation and azimuth ranges of the grid can be changed
based on at least one parameter.

The base station of Claim 1, wherein to estimate the time-averaged
radiation power over a predefined time window in the azimuth and
elevation dimensions, the processor is further configured to one of:
determine the radiation power bascd i part on precoding vectors
belore zero [oreing;

determine the radiation power based on a number of scheduled layers
as a proxy to power scaling; or

determine the radiation power based on layers in single-user, multiple-
input and multiple output (SU-MIMO) as the proxy to power scaling.
A method for managing electromagnetic field (EMF) radiation, the
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method comprising:

determining one or more radiation power related parameters, the one or
more radiation power related parameters including precoding vectors
selected for transmission on a transmission time interval (TTI) basis, a
transmit power, and resource block (RB) utilization;

estimating, based on the one or more radiation power related pa-
rameters, a time-averaged radiation power over a predefined time
window in azimuth and elevation dimensions;

determining a direction of a maximum time-averaged radiation power
among the estimated time-averaged radiation power; and

adjusting one or more transmission parameters based on determining
that the maximum time-averaged radiation power in the direction 1s
higher than a threshold.

The method of Claim 11, wherein adjusting the one or more
transmission parameters comprises one of:

(a) reducing a transmit power to a plurality of electronic devices by a
percentage that is based on the threshold; or

(b) classifying the plurality of electronic devices into groups, wherein
different power reduction levels are applied to different groups of
electronic devices based on one or more threshold criteria, wherein the
one or more threshold criteria includes one or more of offered traffic
size, an initial block error rate (iIBLER), a data rate, a reported channel
quality indication (CQI), and a reference signal received power
(RSRP); and

reducing the transmit power to a first of the groups of electronic
devices by a percentage that is based in part on the threshold while
maintaining the transmit power to a second of the groups; or

(c) switching from a multi-user, multiple-input and multiple output
(MU-MIMO) mode to a single-user, multiple-input and multiple output
(SU-MIMO) mode.

The method of Claim 11, wherein adjusting the one or more
transmission paramctcrs compriscs:

reducing a transmit power in the direction (o a [irst group ol electronic
devices by a percentage that is based on one or more threshold criteria
for a predefined time window;

after reducing the transmit power, determining whether the radiation
power in the direction is higher than the threshold; and

in response to determining that the radiation power in the direction is
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higher than the threshold, reducing the transmit power in the direction
to a second group of electronic devices for the predefined time window.
The method of Claim 11, wherein adjusting the one or more
transmission parameters comprises:

(a) reducing resource block group (RBG) utilization to a plurality of
electronic devices for TTIs; or

(b) classifying the plurality of electronic devices into groups based on
device performance criteria including at least one of error rate, data
rate, reported channel quality, and reported signal power; and
reducing RBG utilization at scheduled TTIs for a first of the groups
while maintaining RBG allocation to a second of the groups.

The method of Claim 11, wherein adjusting the one or more
transmission parameters comprises:

classifying a plurality of electronic devices into groups based on
radiation power in the direction; and

reducing the transmit power for a first group of electronic devices in

the direction while maintaining the transmit power in other directions.
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