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Abstract We have been studied Antenna Pattern Multiplexing (APM) technique suitable for receivers of Sin-
gle-Input Multiple-Output (SIMO), Multiple-Input Multiple-Output (MIMO), and massive MIMO systems. APM
technique has potential to reduce the hardware cost of the receivers, for example, size of antenna, the number of
required cables, cabling cost, calibration cost, maintenance cost, etc. In this paper, we try to explain the principle
of APM with time-variable directional gain designed based on Frequency Division Multiplexing (FDM) and Code
Division Multiplexing (CDM). Through the paper, we show how to obtain multiple distinguishable antenna outputs
from a single Radio Frequency (RF) front-end.
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AT vTFED BBV ARETH 5.
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EEFENMREINTVWS. FILKFZO S IXEFEELE T
(Modulated Scattering Array Antenna; MSAA) Z%Z{EH 7T
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(m —n) wo CRANBERINZEDTHS. TIT,wo D (t)
OFKIE L 0 B +ARETIE, (9) 2REE® T 1« L& (LPF
(Low Pass Filter)) IZANT2Z&i2kY, AIEDES y, (1)
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ZAEAE 5 O AR BT ML AR L B L 5.

2(b) 1%, EFEIETLH exp (jnwot) D 7 — Y TEEM A
FOVAREE 7% (F[exp (jnwot)] = 6 (w — nwo)) 728, J&
B onfo (n=-1,0,1) 12, R D, (¢r) BERAINEZA
IIWVAWENS., MTIEA V)OIV ADKEI%R[E—& LTWS
n, TrTHIBR, AR, fErAMZOHEICED Dy (o)
DREINVPRES.



IR(f)I”
[D-1 (6x) I [Do (éx) 1 [ D1 () |”

P I B

0 ’ —fo 0 fO
(a) Received (b) Antenna gain function
signal
Yo ()P Yo ()P M)?
—fo 0

() Antenna output

M2 @EDTVTHTRELAEZERES, BAERNE (3), BLOT
VT Iy (6) DE AR PV (Ns = 1).

2(c) 1%, 7T F S (6) DEBEHARY FREEI T
W5, X (6) BRT LI, TUTFFHIE, BERES (1)
LIERR O TRENS., 7T ) IEBOME LY, TUT
FHODOABEARY bVIE, EREO 7=V TEHE ()
D7 =) ZEBODBHAATEINDG. T, ZERFEA
RY MV R(f) D, RROZEREE 0 ITMAT £ ITHHN
5 (A7 hans).

&, BERAEE ri (t) O HAEWIERIEZ B fo K 0/hE<
HWT Wb, ZORMENRDSLDBE, Bk U7z, FsEHe
LPF O#AGHEIZED, ’O Y., (f), Yo (f), BLOEY (§)

EHWITWHT I pMcEs. SVWilxsL, 1HD
TyTFHEI x(t) 05, 2N+ L DM REZRAE S yn (1) DY
Bonsd. R (1) TRINDy, () 1F, FIEO@ED, (1) &H
LIBELTWS. D0, (3) TRINZIBAMMEEHVS
&, L7 v T B @EDOT VT TRONS R
2N, + LEASE Y HE Z 2B TES. Zhid, B 2(c) BT
FEBE Bz BN A & &, Rl4 ORI T VT T 615
ONHAEARTILEERS. HREFOZITIEZT—Y
VDB LIRANRIG 3) LK VBB ENE T VT F R —
VOEEMEIZHIKIET DA, APM 2L Y, HAK2N, +1EHX
A N—VFORBIIAETE S,

2.2.1 BT 7 NEOERE T

BIaMERGE2 EiE e 258, BAEKY 7 NE fo 280
LRENRHD. AFETIE, APM 28T 28EY AT LIZD
WTEARIZERLTWARWY, fo ZHEICERETSZI2L
DRLZ Y S BRIFEIZDOVWTIHRR B,

X 2(c) 2o b, HEHT 7 V& fo 1k, ZEESOHISIEX
DETDRESHWBZEHBEE LV, F72, BEHEOBSS
5%, AR 7 bINZEESPMOESTEFHLLRVE
S, fo BBRTBIENEE LW, —HT, EVATLT fo %
KECLTWL &, KRS 7 bEnzmls (K 2(c) eBi3
Yo1(f) & Ya(f) &, A—Y AT LAROBEEF ¥ 2L (fhF v
V) RMUDEE T AT MTHEHRY S AREEICENS Z 8
2B, F£7z, fRAERGE EREE T 556, BEKY 7 b

4
L

IR
- -
I .
-

.

/x t t o > f
—fo

0 fo 2fo
X 3 IEREOEREER S

bl

SO RES BT

B% fo 2T HILIIRBETHLE2HBENE L, £fo DHiS

Lﬁﬁﬁﬁmﬁ}ﬁﬂé LiZiRb., UI=-oT, JAREEY 7
kB FEETATHEIT LS L9258, FRIFEIC 2N, O

b%fbawﬂﬁﬁw%h?tmolﬁa%iﬂ 9 5.

ZD &I RHEHN»S, FEHY 7 bINEZERFESH, T
EZFBILEMETINENDHD. HEHRY 7 NE fo 2L
T, fo ZWeERRWRIE T 2HF ¥ 2 IS AT L) DS
PEIET B RELZGEBT57 VTIN5 A
ARZ MIVORAMZR 3 I12RY. HIZBEWT, ERTRIH
7= 3MEDZERFFARY MVIEATERFEE2RL, B 2(c) &
—DFRMEREL TS, —J, RRTERI N 3HDRZER
FBARY MIVIE, fo ZWaXBERE L T2 FBESDART b
LWERLTWS, 7V T FOREEREIZBHRET2H, 22
Tk, 7V T FOBREEE fo i8I 3ETEFOZETRLRE
EREERODLINET 5. 58, EKKIZEDERERNE
1, MEGEEZI TR TFBEBIEEHTS. X4 N—vF
ZEICLOMEESTEELE, B0 & £/ ITHNSES
B a0 UEYICART 20 ERH L. 22T, FHDHA
BB TBBGEIET DL fo 7213 TR, RKOF]FHERE
0 TEESINIETHSICD THOMENRIZ EVHELE 2
5. ZOTHREL, BFEO7 V7> TIEAEL R, APM Jitky
DOMETH L. EHSIE, ZOTHIZH L T Minimum Mean
Square Error (MMSE) E#IZH O FREEEZREL T
% [21]. UL, fo 2z &DXSITERT EH, FMESICET
LHEAMERPE S NRVGEICENRTIE, &0 AL TFEER
FHERE S SIS 2R H 5.

2.2.2 BEFERTSE & OBIR

RECTHY B -ERRERS (3) ItBVWT, Ny=1¢&
UT, AAKER w 2ZEESOWHEIELL FAKRKE<STS
-5 DH, BEFEIZED MSAA B & U Rotating antenna & &
mE D5 [4~[8]. £7-, WHOOREFEIX, ARG (3)
ZHWT, Ng =1&ULT, ARMKER w %, OFDM %7213
MIMO-OFDM 5 WA ¥ 7 F v ) 7HIEIZ 2r 2 U7z
HEDEULEDTHB LMRTE S [9],[10]. EEHESH, EK
WICED REERRMEMG 2R LT, XA N FZER
MIMO %5 %47 > 7245412817 5, Bit Error Rate (BER) %¢
R BEAT X2 AE R A R DM & 17 - 72 [14],[19]~[21]). 7z, FE
Biz& b7 v 7 F oS 175 72 [12).

INSOFEE, BEMEFBOARZ MVEIR (K 2(b))
5b, BIRDT7 VT FNE— V& EAEESE%E (Frequency
Division Multiplexing; FDM) & %\ & OFDM O 58z &0
ELHELADBDLEADILNTES. EHLIF, Ihok—



et U7 /& LT, Code Division Multiplexing (CDM) ®
JREIZEED E L ET 2 FEAHRETIER WM EHE R 72 [19],
[20]. WiTl, REBAMENGSIEROEZBEBOM TR
N3, CDM iZ2#£2D< APM IZDWTEHT 5.

2.3 ERAMANSIHEEREROMTHS%E

BT TGS L7z, FDM 125D < APM D56, H:AE
DOBBUETH 2 ERRIFEEARTY To 2B U THWZ (KH

HIHT) BERT B ML ELIN, ZERFESTODH
2175, 55 0£EAANITIE, FDM Oftic, KHESHZE

(Time Division Multiplexing; TDM) & CDM »'% %. APM
2 TDM 2l 3 254, 77 FHR8e —E Ry 0 &
ABI LT BT28, ZEEFHRER L 20 EZARN TR,

AR D Rotating Antenna (X, TDM & FDM OfffH & A9
ZEMTELN, BAaEZYI0 XL LITE D ART P
IEDIBMENH S [8]. ZHUIK LT, CDM iE, HWIZERT
LEEFE LI, ok —EL7Z /%2 LT, Code Division
Multiplexing (CDM) DRIz T & £ FEL T 2 FHEOKREH %
ToTW3 [19]. Tabb, ARG LT, KE T, 2
BLUTHEWIERT 3/ 5HBEERELSDE B E AW

5. Fio, ERBEEEABRICEAY T CRUEKE#RDIEYT. Z
DI, (3) ITHY T 2L fRAMERNEIE, —RI
N¢
D(¢,t) =Y  Dn(®) fn(t) (10)
n=1
LREIND, TIT, NP ZSETIEBOKTHD, f. (1) 1E
Rl To 12 BT B EHMERLBEBTH 5720
. 1 (n=m)
Y RACTAULE ()
0 0 (n#m)
Eizd. 22T, nnm=1,2,..., Nt THH, fr(t) Iz

B fm (1) OEEREE LT, (10) 1I2BWVWT, D, (¢) & nHH
DELRBEB fo(t) BVIERTE2T VT FR2—vERT. ZTh
&, n BHOEMET VT FofRAEL SR 5.
EHERBEEIE CDM IZ 81 2B ESICHYT 5. f, (1)
OREE BBY7200F v 7H) % N. 235k, 2EAT
ERBEH (FEH) & N %5, ZOK, No= Ny TH
D, APM IZB A RET v T F PR ERS. (3) & (10)
RIS 2L 0B E512, (10)12BWT, fo(t) 2 EEEK
B (B2 exp (jnwot)) EEWZEDH (3) THD I LW5h
5. ZDZehs, CDM i2#ED< APM 1, FDM i2#-5<
APM 2W&ETBHLWVWRD.

ARG Z (10) L LEGRICBT 5, 7Y T FHIES

x(t) &, (1)12 (10) ZfRAT R Z T
t) = ZZDn () fn ()7 (1) (12)

(@) e (t) (13)

= Zyn fn (14)

LRTIEMNTESL. ZIT,
ND
Un () =D Dy (¢) 7 (1) (15)
k=1
LEW. ZOES Y. (t) B n BHOEET V7 FhofFon
BHITHE. %Dy, (t) MY HTdITE, 7> 5 F i
Hx@) i frt) 2RET S, ZOEFIX, (14) 20T,
x (t) fu (1)
Ny
= Y () o (&) £ (1) (16)
m=1
Ns
=ya )+ Y ym (t) fm (8) £ () (17)
m=—Ng
m#n

CRTIENTESR., 22T, Do rWHAtItBVT
lfn @O = 1L DD D EARE L. (17) & (9) ZHEKT
&, (9) OF 2T GHYIZR wo 23&IRTHZ L&) LPF
THREWHRETE L0 LT, (17) O 2 HIX LPF 2@ L
U THEBT UBRETE ZEINML, FHBRSIERET
22WVWHEVWEDH L. EIEIZ CDM WSS, IKBEE%2
FHT R4 I VI AP FEBIEL WS BENPSEHETH 5.
—7%, APM T, #ﬁﬁ%ﬁﬁﬁﬁ%x&7bw%#%?5
oy LBIEEIZ & 0 ZEEF 2 M 52 DFE UZERNIC
ﬁﬁ?éﬁ@,#ﬂﬁ%@ﬁf‘/7ﬂ%%iiﬁf%ﬁ BT
Hb. K41z, (17) TRUZEZERKC LPF 2V, Z
Bl 2mMY Hd@E2EFMELEMZSRT. £/, CDM
IZEDL APM 2 HWEIEEICB 2 ZERESARY ML E
5(a) 12, FEAMEAIE (10) DA~ FIVER 5(b) 2, TV
TIHIDBENART P VOB EM 5(c) 12, ZNEIR
L7z, [ 5(b) 1281 5 2=z bVIRIE, BB f, (1) O
7OV ZTGRP W B IR S IR AE ST 5. RARNITEL 72700
AR IEBF F IOV TIRIF L A LRI IS T W W2H S
BOBETHS. CODM IFHIAR L7 LD, ZEFEHICTEN
FIES 508, $E%’¥%W%ﬁ%é%%ﬁﬁ?%étw 5
KIEBEL fo (AR Ty) OBERIIHEMEHELE .
_,#W@ﬁ%Nh%iUW%ﬁﬁﬁA@%%M?éykLi
O, BT T FEERNS TSI ENTES.

CDM #%JtiZ L7z APM (Zhid FDM 2t L2 5& %28
ETB)ITOWT, NEEBEIERT ST 73 % — 2 ((10)
I8 5 Da(¢) VWHEEMTH > =HAT BT,
Signal-to-Noise power Ratio (SNR) (213 2 @5 A& % EH
U7z [19]. APM 2 &Y, EBRIESHE N, HENT 51200l
BREVPEMNT 22X N=V FHENPBHE N, £z,
BEARIT APM OLEK (FE5H) 2T ikl

(ED) : ZDEIBT U TFNRE—vEED IS IZERT 2R OMEE LT
W5,



LPF % v1 (¢)

:Mﬂ——————+?~—ﬁ>Lw-—’%ﬂﬂ

LPF [ YnN:(t)

1

R (®)
B BRIEES & DT 5B,

V— W

0 fo
(b) Antenna gain function

4 CDM i2#2< APM Z

|R(f)[*
J-»f
0

(a) Received signal

0 fo
(c) Antenna output
X 5 CDM iz#5< APM 28 3%EES, fRatkfE (10),
KT VT FHA (17) DEHART ML (N =8)

YD,
3. Bbhb Y I

ARTI, B—RF 78V TV RTHo->TH, F—Hix
WCHEBORBTY V7T F2RE LI L LASOFEIE SN
% APM OFHEZFIAL 72, RARRENGOAEEZ BN,
FDM 8 & U CDM 1235 < APM IZ2WTEEL <R 7=

Si%, RERAERNEBOFEHAEIIDOWT ESPAR 7V 7
F % W CHER & SR A VT & 0 BRIl G 5.

ECl 2

AWFZED —HRI%, JSPS RIFEE 20K04468 DB % 32 1F THT
bz, i, BEHBREREMEL - Y AT LAMRHICEITS
HFEMEE UTERBE N, AIFEOZFFITBE L T, 4%
B L ZFEOARI AN S SR 21572 2 & I
T 5.

X [

1] HAZHNTT Fa€, “Rk74 hR_—X— 5G OFEE/lLE 6G,”
July 2020. 2020 47 A (2.0 iK).

[2] T. Ohira and K. Gyoda, “Electronically steerable passive
array radiator antennas for low-cost analog adaptive beam-
forming,” Proc. 2000 IEEE Intl. Conf. on Phased Array
Syst. and Tech., pp.101-104, 2000.

[3] C. Sun, A. Hirata, T. Ohira, and N.C. Karmakar, “Fast
beamforming of electronically steerable parasitic array ra-

diator antennas: theory and experiment,” IEEE Trans. An-
tennas Propag., vol.52, no.7, pp.1819-1832, July 2004.

(4]

(5]

[6]

[7]

(10]

11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

(19]

20]

21]

(22]

Q. Yuan, M. Ishizu, Q. Chen, and K. Sawaya, “Modulated
scattering array antenna for mobile handset,” IEICE Elec-
tron. Express, vol.2, no.20, pp.519-522, Oct. 2005.

Q. Chen, L. Wang, T. Iwaki, Y. Kakinuma, Q. Yuan,
and K. Sawaya, “Modulated scattering array antenna for
MIMO applications,” IEICE Electron. Express, vol.4, no.23,
pp-745-749, Dec. 2007.

L. Wang, Q. Chen, Q. Yuan, and K. Sawaya, “Diversity
performance of modulated scattering antenna array with
switched reflector,” IEICE Electron. Express, vol.7, pp.728—
731, 2010.

L. Wang, Q. Chen, Q. Yuan, and K. Sawaya, “Numerical
analysis on MIMO performance of the modulated scatter-
ing antenna array in indoor environment,” IEICE Trans.
Commun., vol.E94-B, pp.1752-1756, June 2011.

R. Bains and R. Muller, “Using parasitic elements for im-
plementing the rotating antenna for mimo receivers,” IEEE
Transactions on Wireless Communications, vol.7, pp.4522—
4533, July 2008.

S. Tsukamoto, T. Kozu, and M. Okada, “Single-RF diver-
sity for OFDM system using ESPAR antenna with period-
ically changing directivity,” 2”4 Intl. Symposium on Radio
Systems and Space Plasma, pp.83-86, Aug. 2010.

D.J.R. Chisaguano, Y. Hou, T. Higashino, and M. Okada,
“Low-complexity channel estimation and detection for
mimo-ofdm receiver with espar antenna,” IEEE Trans. Veh.
Technol., vol.65, pp.8297-8308, 2016.

W. Arita and M. Saito, “Novel receive diversity scheme
using espar antenna and arbitrary frequency band,” Proc.
IEEE VTC-Fall 2012, pp.1-5, Sept. 2012.

Y. Idoguchi and M. Saito, “Evaluation of antenna with pe-
riodically variable directivity,” Proc. 2014 APMC, pp.345—
347, Nov. 2014.

Y. Idoguchi and M. Saito, “A study on received signal
spectrum of antenna with periodically variable directivity,”
Proc. ISAP2014, pp.403-404, Dec. 2014.

HAOBEN, WA, HAERET VT F AR — v i
MIMO BEIZ B 27 v T F 3% — v OBz EEARIZS 2
LR [FHFUR, vol.115, no.364, pp.133-138, Dec. 2015.
FHEOEN, A, FHMNET VT F R —vEfAW#E
— RF [ MIMO {5 0#RaEt,” F%8, vol.115, no.286,
pp.249-254, Nov. 2015.

A. Dia and M. Saito, “A study on channel capacity of mimo
systems with a receiver with antenna pattern modulation,”
Proc. ISAP2017, pp.1-2, Oct. 2017.

H. Tomoda, K. Kawano, and M. Saito, “A study on reac-
tance time sequence for 2-element antenna with periodically
variable antenna pattern,” Proc. ISAP2017, pp.1-2, Oct.
2017.

K. Kawano and M. Saito,
functions for 2-element ESPAR antennas applied to 2-
output SIMO/MIMO receivers,” IEICE Trans. Commun.,
vol.E102-B, no.4, pp.930-939, 2019.

M. Saito, “Antenna pattern multiplexing for enhancing path
diversity,” pp.1-16, IntecOpen, London, Sept. 2019. https:/

“Periodic reactance time

/www.intechopen.com/books/advances-in-array-optimization/

antenna-pattern-multiplexing-for-enhancing-path-diversity
BN, “Ax— MERMZIT 72T VT F 8k — v L EH,”
B¥HH, pp.55-59, Dec. 2019.

N. Kinjo and M. Saito, “Diversity reception and interfer-
ence cancellation for receivers using antenna with periodi-
cally variable antenna pattern,” IEICE Trans. Fundamen-
tals., pp.e e—e ¢, (Submitted).

b3k, e, EE O, “ETTNBENEE IS B 1 S Rk
BAN=Y FHEORMN,” B REY 25 CGE, vol.J69-B, no.8,
pp-823-832, Aug. 1986.



