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Definitions

A Multiport antenna array (in this document): several antennas each intended to be
used simultaneously for radio communication, in the same frequency band, by a
single station, each of the antennas having a single port for this purpose.

O MIMO:
€ multiple-input and multiple-output (MIMO) is a broad concept;

€ in the field of wireless transmission, strictly speaking, it either refers to the
simultaneous use of multiple antennas for emission and for reception in the same
frequency band, or (more restrictive) to spatial multiplexing;

@ in the field of wireless transmission, loosely speaking, it often refers to the use
of multiple antennas for emission and/or reception, e.g. for spatial diversity,
beamforming, interference cancellation or spatial multiplexing.
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[ MT (in this document): a mobile terminal of a cellular network, e.g. a mobile
station (MS) of a GSM network, and/or a user equipment (UE) of an UMTS or LTE
network.
 Single-user MIMO (SU-MIMO,):

€ means spatial multiplexing between the base station and a single MT;

€ a multiport antenna array 1s required in the MT for SU-MIMO;
€ SU-MIMO i1s needed in LTE to meet the 4G requirements of ITU-R.

O Multi-user MIMO (MU-MIMO,):
€ means spatial multiplexing between the base station and several MTs;

€ a multiport antenna array 1s not required in the MTs, for MU-MIMO with a
single stream/layer per user;

€ a multiport antenna array is required in the MTs, for MU-MIMO with multiple
streams/layers per user, for instance in LTE-A.
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1 MAA-MT (in this document): a MT using the antennas of a multiport antenna
array, simultaneously, in the same frequency band, e.g. for spatial diversity,
beamforming, interference cancellation or spatial multiplexing.

1 Antenna interaction. Antenna interaction between the antennas of a multiport
antenna array results in a significantly non-diagonal impedance matrix. It is caused
by a narrow spacing between the antennas, and 1s more pronounced in the lower
frequency bands. Antenna interaction in a MAA-MT produces:

€ a mismatch loss and noise in the downlink;

€ a mismatch loss and cross modulation in the uplink.
A Antenna correlation. In a MAA-MT, antenna correlation between the antennas of
the multiport antenna array degrades the performance of the MIMO channel, e.g.

reduces the capacity in the case of a fast fading channel. It is caused by a narrow
spacing between the antennas, and is more pronounced in the lower frequency bands.
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1 User effects: the effects, on a wireless link, of the interaction between one or more
antennas of the MT and a person using it. These effects comprise:

® a variation in the impedance of the antenna, or in the impedance matrix of the
antennas,

# a variation in the radiation efficiency of the system formed by the MT and the
user;

€ a variation in the directivity of the system formed by the MT and the user.

1 Environment effects: the effects, on a wireless link, of the interaction between one
or more antennas of a MT and nearby objects and/or living beings.
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Suggested applications of our inventions

[ R&D results on antenna tuning in MTs have been disclosed as from 2005, to:
@ operate in multiple frequency bands;

€ mitigate environment effects, including user effects.

1 The first announcements of implementations of antenna tuning in MTs occurred
after 2008, in mobile phones of Samsung, Apple, Sony, etc.

[ 1n 2015, antenna tuning 1s ubiquitous in MTs, and it is taken into account in MIPI
alliance standards.

[ Several manufacturers offer devices for antenna tuning (e.g. STMicroelectronics,
WiSpry, REMD, Peregrine, Qualcomm, Epcos).

[ This prior art is not suitable for multiport antenna arrays used for MIMO.
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[ Our inventions can be used to address the following design challenges applicable
to a high-performance MT using MIMO (more precisely, a MAA-MT):

€ too many frequency bands;
€ mitigation of antenna interaction;
€ mitigation of antenna correlation;

€ mitigation of environment effects, including user effects.
[ The aims are cost reduction, fewer models, improvement of the radio performance.

1 Our patents may also be used to cope with the huge patent portfolio of Paratek,
acquired by RIM/Blackberry.

[ The MIMOmatch-B portfolio can be compared to
€ United States Patent number 8,102,830 assigned to Samsung, and
€ United States Patent number 8,059,058 assigned to Sony Ericsson Mobile.
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Introduction to MAPMUP antenna tuners

[ The basis of the MIMOmatch-B portfolio 1s a new multiple-antenna-port and
multiple-user-port (MAPMUP) antenna tuner disclosed in P54.

Antennas 2-conductor Antenna tuner
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1 The new antenna tuner has the
structure of a multidimensional n-
network

1 It may comprise n (n + 1)
adjustable impedance devices.

[ It can provide an ideal match
(i.e., decoupling and matching)
over a frequency band, and in the
presence of severe environment
effects.
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[ This result was established theoretically, in three peer-reviewed articles (which
may be downloaded |here)):

[A] F. Broydé, E. Clavelier, “A New Multiple-Antenna-Port and Multiple-User-Port Antenna
Tuner”, Proc. 2015 IEEE Radio & Wireless Week, RWW 2015, pp. 41-43, January 2015.

[B] F. Broyde, E. Clavelier, “Some Properties of Multiple-Antenna-Port and Multiple-User-Port

Antenna Tuners”, IEEE Trans. on Circuits and Systems — I. Regular Papers, Vol. 62, No.
2, pp. 423-432, February 2015.

[C] F. Broyd¢, E. Clavelier, “Two Multiple-Antenna-Port and Multiple-User-Port Antenna
Tuners”, Proc. 9th European Conference on Antenna and Propagation, EuCAP 2015, April
2015.

[ It confirms that the new MAPMUP antenna tuner can be used to operate in
multiple frequency bands, and to mitigate antenna interaction, and environment
effects, including user effects.

[ It also entails that the new MAPMUP antenna tuner can be used to mitigate
antenna interaction.
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[ To reduce costs, the new antenna
tuner may comprise less than
n (n + 1) adjustable 1mpedance
devices.

[ This possibility is also disclosed
in P54.

[ The patent applications for P54
also include wider claims, which
may survive the examination.
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Presentation of the MIMOmatch-B patent portfolio

Title of the Patent Family — MIMOmatch-B patent portfolio

Antenna tuning apparatus for a multiport antenna array P54

Method and device for radio reception

using an antenna tuning apparatus and a plurality of antennas P35
Method and device for radio reception P56

using a plurality of antennas and a multiple-input-port and multiple-output-port
Method and apparatus for automatically tuning an impedance matrix, P57

and radio transmitter using this apparatus

1 The porfolio 1s for sale in February 2015,|more information available here|.
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[ The map below shows the patents of the MIMOmatch-B portfolio (P54 to P57)
and other inventions offered for sale by Tekcem.

Radio - PHY procedures Radio Electrical or near field links
P28
: P30 .
1 From right to left, the map . — o > s
shows: 3 - .
o . . SOLD
® inventions about signal trans- o N—\\“
SO

|
LD
] e P44

mission inside equipments;

B inventions related to radio
transmission in general; and

B inventions related to physical
layer (PHY) procedures of
wireless networks.

® P47

Present

® P48

P55e € —eP54 l@

o

P56 ® 7

Future

[ Time flows from the top to the bottom of the map, and "present" means "granted
patents". A red arrow from A to B means that A is very likely to be used in B. A
black arrow from A to B means that A might be used in B.

© 2015 Tekcem You may reproduce, store and distribute this document, provided the document and this copyright notice remain complete and unmodified. page 13/18



1 Patent family P54
Antenna tuning apparatus for a multiport
antenna array

The invention P54 discloses a broad family of
MAPMUP antenna tuners for use with a
multiport antenna array.

With a suitable adjustment of the adjustable
impedance device of the MAPMUP antenna
tuner, it 1s possible to:

€ operate over multiple frequency bands;
€ compensate antenna interactions;

€ mitigate environment effects.

TeKCEM

a9 United States

US 20140306784A1

a2 Patent Application Publication o) Pub. No.: US 2014/0306784 A1l
BROYDE et al.

(43) Pub. Date: Oct. 16,2014

(54) ANTENNA TUNING APPARATUS FOR A
MULTIPORT ANTENNA ARRAY

(71) Applicant: TEKCEM, Maule (FR)

(72) Inventors: Frédéric BROYDE, Maule (FR);
Evelyne CLAVELIER, Maule (FR)

(21) Appl. No.: 14/314,148

(22) Filed:

Related U.S. Application Data

Jun. 25,2014

(63) Continuation of application No. PCT/IB2013/058423,

filed on Sep. 10, 2013.

(30) Foreign Application Priority Data

Sep. 25,2012 (FR)

Publication Classification

(51) Int.CL
H03J 1/06
HO3H 7/01

13

1

S — S
21] 311/
g —
22/ 321/
—a
23/ 331/
e T
24/ 341/

(2006.01)
(2006.01)

1202542

- oo

(52) US.CL
CPC o HO3J 1/06 (2013.01). HO3H 7/1741
(2013.01)

USPC 334/78

(57) ABSTRACT

An antenna tuning apparatus for a multiport antenna array
used for sending and/or receiving electromagnetic waves for
radio communication comprises: 4 antenna ports, 4 user
ports, 10 adjustable impedance devices each presenting a
negative reactance and having a terminal coupled to one of the
antenna ports, 4 windings each having a first terminal coupled
to one of the antenna ports and a second terminal coupled to
one of the user ports, and 10 adjustable impedance devices
each presenting a negative reactance and having a terminal
coupled to one of the user ports. All adjustable impedance
devices are adjustable by electrical means. Any small varia-
tion in the impedance matrix of the antenna array, caused by
a change in operating frequency or a change in the medium
surrounding the antennas, can be compensated with a new
adjustment of the adjustable impedance devices.

TX/RX
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1 Patent family P55

Method and device for radio reception using
an antenna tuning apparatus and a plurality
of antennas

The antenna tuner (antenna tuning apparatus)
may be one of the MIPMOP antenna tuners of
P54.

The reactance of each adjustable impedance
device of the antenna tuner is mainly determined
by tuning control signals obtained using
quantities representative of a channel matrix.
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US 20140323075A1

a9 United States

a2 Patent Application Publication
BROYDE et al.

(10) Pub. No.: US 2014/0323075 A1
(43) Pub. Date: Oct. 30, 2014

(54)

70
(72)

(73)

@n

(22)

(63)

(30

METHOD AND DEVICE FOR RADIO

RECEPTION USING AN ANTENNA TUNING

APPARATUS AND A PLURALITY OF

ANTENNAS

Applicant: TEKCEM, Maule (FR)

Inventors: Frédéric BROYDE, Maule (FR);
Evelyne CLAVELIER, Maule (FR)

Assignee: TEKCEM

Appl. No.: 14/326,090

Filed: Jul. 8, 2014

Related U.S. Application Data

Continuation of application No. PCT/IB2013/058574,
filed on Sep. 16, 2013.

Foreign Application Priority Data

Sep. 27,2012 (FR) coovvvvveoeesoseenesson 1202564

-

Publication Classification

(51) TInt.CL

H01Q 1/52 (2006.01)
HO4B 7/08 (2006.01)
HO4B VI8 (2006.01)
(52) US.CL
(& o HO1Q 1/521 (2013.01); HO4B 1/18
(2013.01); HO4B 7/0874 (2013.01)
USPC 4551275
57 ABSTRACT

A receiver for radio communication comprises: four anten-
nas; an antenna tuning apparatus for simultaneously tuning
the four antennas, the antenna tuning apparatus comprising
adjustable impedance devices, each of the adjustable imped-
ance devices having a reactance at a frequency, the reactance
of any one of the adjustable impedance devices being adjust-
able by electrical means; four single-input and single-output
low-noise amplifiers; four analog processing and conversion
circuits; a multiple-input signal processing device delivering
a signal to a destination, the multiple-input signal processing
device delivering a tuning instruction; a tuning control unit,
the tuning control unit receiving the tuning instruction from
the multiple-input signal processing device, the tuning con-
trol unit delivering tuning control signals to the antenna tun-
ing apparatus as a function of the tuning instruction.
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D P t t f . 1 P 5 6 (12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property =
atent rami y Organization é 0 O 0 OO OO0
International Bureau ’/
° ° °
Method and device for radio reception T
25 September 2014 (25.09.2014) WIPO|PCT
o o
u S ln g a p lu r allty O f a n t e n n a S a n d a (51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
H04B 1/18 (2006.01) H010 21/00 (2006.01) kind of national protection available): AE, AG, AL, AM,

H01Q 1/52 (2006.01) HO4B 7/04 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(10) International Publication Number

WO 2014/147458 Al

\

s s ° . - BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

m u ltlp l e-ln p llt-p O rt a n d m u ltlp l e- O u tp ut— (1) International Application Number: PCTIIBA013/060451 DO, DZ, EC, EE, EG, IS, FL, GB, GD, GE, GH, GM, GT,
/IB2013/ HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
: 28 November 2013 (28.11.2013) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

O rt a m l l e r - ] OM, PA, PL, PG, PIL, PL, PT, QA, RO, RS, RU, RW, SA,

(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™,

(26) Publication Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

ZW.
(30) Priority Data: . . L
1300665 21 March 2013 (21.03.2013) FR (84) Designated States (unless otherwise indicaled, for every
X ‘ kind of regional protection available): ARTPO (BW, GII,
(71) Appli (for all designated States except US): GM, KL, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

. .
h MIPMOP 1 f f t b ) TEKCEM [FR/FR]; 12 chemin des Hauts de Clairefon- UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
['he AMpIIIcr may 101 1stance ode: i, F-TS550 Marle (FR). T, Furopeat (ALL AT, BE. G, CH, CY, CZ. DE, DK,
. . EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(D) Tnventors; and MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,

€ the one disclosed in P34 of the _ ™ smaiidimivsiiol  mommsggoms e
MIMOmatch-A portfolio (currently [

assigned to Apple); or

€ a combination of a MAPMUP antenna
tuner and several SIPSOP amplifiers.

—  with international search report (Art. 21(3))

(54) Title: METHOD AND DEVICE FOR RADIO RECEPTION USING A PLURALITY OF ANTENNAS AND A MUL-
TIPLE-INPUT-PORT AND MULTIPLE-OUTPUT-PORT AMPLIFIER

(57) Abstract: The invention relates to a method for radio reception using a

. ( s p.hu‘a].ity oi" al?ten}\as and Etlllulliple»illpllttpﬂljt and m]lhiple-nutnut-port al‘r.lp -
{ lifier. The invention also relates 1o a receiver for radio communication using

) — this method. A receiver for radio communication comprises: four antennas
(1); a multiple-input-port and multiple-output-port amplifier (3) comprising

% adjustable impedance devices, each of the adjustable impedance devices hav-
ing a reactance at a frequency, the reactance of any one of the adjustable im-
pedance devices being adjustable by electrical means; four analog processing
and conversion circuits (5); a multiple-input signal processing device (6) de-
i livering a signal to a destination (7), the multiple-input signal processing

)" device delivering a tuning instruction; and a tuning control unit (9), the tun-

ing control unit receiving the tuning instruction from the multiple-input sig-

s # —® nal processing device, the tuning control unit delivering tuning control sig-
D | nals to the multiple-input-port and multiple-output-port amplifier as a func-

i tion of the tuning instruction.

—

IR

The MIPMOP amplifier comprises adjustable %
impedance devices, whose reactances are =
. . . . <«

mainly determined by tuning control signals g s
z

FIG.5

obtained using quantities representative of a
channel matrix.
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property ~2
Organization g O 0 00RO OO
==

International Burcau
% (10) International Publication Number

O Patent family P57 e = ey WO 20T4IT0766 AT
Method and apparatus for automatically =« o, ., GoaREREIGE

H01Q 1/52 (2006.01) HO4B 1/18 (2006.01) . o .
” (81) Designated States (unless otherwise indicated, for every
HO1Q 21/00 (2006.01) HO4B 7/04 (2006.01) kind of national protection available): AE, AG, AL, AM.

tuning an impedance matrix, and radiO (21) International Application Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW., BY,

PCT/IB2014/058933 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

. - ) DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,

° ° ° (22) International Filing Date: 12 Feb 014 (12.02.2014 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
l'aIlSIIll el' llSlIlg lS app al'a llS 2 February 2014 (1202:2014) KZ, LA, LC, IK, LR, LS, LT, LU, LY, MA, MD, ML,
(25) Filing Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

- . OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, Y, TIL, TJ, T™M,

TN, TR, TT, TZ, UA, UG, US, U
ZW.

, VC, VN, ZA, ZM,

(30) Priority Data:
1300878 15 April 2013 (15.04.2013) FR
. . . (71) Appli (for all i States except  US): (84) Designated States (unless otherwise indicated, for every
T IS met O Or automatlca tunln an Tiﬁ(CEl\{ [i‘R/FR]; 12 chemin des Hauts de Clairefon- kind of regional protection available): ARIPO (BW, GH,
taine, F-78580 Maule (FR). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Inventors; and TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

. .
lm ed anc e matrlX | l S e S * (71)  Applicants (for US only): BROYDE, Frederic [FR/FR]; EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
. 12 chemin des Hauts de Claircfontaine, F-78580 Maule MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR AUTOMATICALLY TUNING AN IMPEDANCE MATRIX, AND RADIO
TRANSMITTER USING THIS APPARATUS

€ sensing unit output signals estimating
real quantities depending on an
impedance matrix;

(57) Abstract: The invention relates to a method and an apparatus for auto-
f matically tuning an impedance matrix, for instance the impedance matrix seen
by the power amplifiers of a radio transmitter using a plurality of antennas
simultaneously. The invention also relates to a radio transmitter using this ap-
paratus. An apparatus for automatically tuning an impedance matrix has 4 user
ports (112) (122) (132) (142) and 4 target ports (111) (121) (131) (141), and
comprises: 4 sensing units (1); a signal processing unit (2), the signal pro-
cessing unit estimating real quantities depending on the impedance matrix
presented by the user ports, using the sensing unit output signals obtained for
4 different excitations applied successively to the user ports, the signal pro-
cessing unit delivering a tuning instruction; a multiple-input-port and multiple-

! L D=

€ a multiple-input-port and multiple-
output-port tuning unit, which may be an

i
i o

output-port tuning unit (3) comprising adjustable impedance devices; and a
tuning control unit (4) receiving the tuning instruction from the signal pro-
and multiple-output-port tuning unit, the reactance ot each of the adjustable
impedance devices being mainly determined by one or more of the tuning con-

1
l
1
!
SuU
. cessing unit and delivering tuning control signals to the multiple-input-port
!
4‘5_‘_& trol signals.
1
!

transmitter using this method.

1 rs
antenna tuner of P54. = . y
Z 71 -
The invention P57 also discloses a radio & o
°
=
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Patent development and support

1 We continue our R&D effort relating to MIPMOP antenna tuners:
€ internal R&D exclusively owned by Excem or Tekcem; and

€ STMicroelectronics and Eurexcem have started a cooperative research
program.

[ A new portfolio (MIMOmatch-C) will soon be offered for sale.

1 We currently continue to invent in this area, to later file new patent applications.
[ We can provide technical support for implementing our inventions.

[ We can provide technical support to other projects.

[ We can help to create new intellectual property rights.
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