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AR, MEREIS IR 0% KRB EG O ks L, A b L= OREBERIITHY, ERREE O REBL~DOEFEENEG > TV 5.
IR (S O RA AL D —>1Z, MIMO (Multiple-Input Multiple-Output) R D 2. HWEDOMET T F EEBROZIET
T FEAGCT, R - BRI RB O TS AERO X Y —AEER L, BEWEAASRE R LT AR TH Y, [EiRER
BT T IR U CH A N— U FRHGE S TR E G OND Z 0D, 7o 7 TSI L CRERERZ T Z &2
Hk D,  ERGEIE S AT AOSHEAERTNR, Z L TSRO ERARE S AT A0 & 575 ket st eh T, %5 it
NT VAT A B IZEBWTIE Massive MIMO {536 & FHEN B%kt, HELLEOZEDOT 7 FFFEHANTMIMN BikE21TH 2
LRRIEN, KRABILEERT L1007 T FREINSETULICEE LS.

T T FERFTDHICHTE-TC, LTFO LD REEOBRGHEE MR T 206813 H 5, Blz1E, Bohi-7 7 FEEEREN
WCBESEL LT T FTHETFEZNEL L, SROHRTERE LN S LT T FHEFHOHZFBHEARL MBI 5 L 57k
BRI ERFHC LY 7 U T R ESL SR NI DI LT IER B, F7z, BIREC Y AT 228 U CRER
B, AR & ORERS % B LIk b0 e 72 b, RO 7T 7 Fakat i, i, HEl koo 7 7 r%E1+%
MW DHEEI, FA—FFEBANICEE T 572 E, 77 TR EICH DRRERD IR O T CHF FRECHRIREE O
HMTOND. ko T, BoNDT T FHMEE = NE T T T BRI LD HIRAH Y, MIMO AT AT 5
TIRKBRIZZ A = TR LEACRIG 215 DD £ ) efiliff T 2 LIRS 20,

AR LTI EIRBRE IS U CRERB R OV AT Mt E R AL DG MIMO 7 2 7 F Ot 7 — v 38 L OVER
DB T HFEORREAN LTS, 2 LT, BELET VT TN A — VR EEEZ VT 2T A2 E L, Gl
BREING 2 DN ORI T > T T F — o OB RIZOWNTORT. BNl 7 > T TR E — o 2R 57
OOBEWMSA G L, WEROT 7 T E WA & Rl aHE R 2 V2356 & OBE B RFFEO 21TV, 8%
FEOBEBARLEDRICONTHENTT S.

T T FHEFTROIIE R & OfilF 7 U RIRERBEIE U TMIMO 7 > T F Ot 8% — U ik et 4 572, B8R
WEAZ X0 HENB L OZEMUORET 7 TS 2 — o B8N T 5. D%, 57T 7 FFEERIC L o THBLATRE U
XY= DD b/ R R R OERGE N N2 — v b, MERGE N N2 — RIS T A B AR T S, ZoFIEE,
OBPB (Optimal Beam Projection Beamforming) {EIZIED < MilifkatFiE L MPW, 2 WIS TR ERE R -, 35
ML 5T T, BEBIORREOAE T 07 7 A VB E, AT 7 7 A VHIE—RECTIRER - IMUET 7
OYE, AT T 7 A VBIEARTRAEN - KFEET V7 FOBAIC W TRk FIEEEA L, Fol 7 > 7 T4 —
v, HERE T VT R R — o B L OSHIGT AR RO T2, BONRERE D LIS, WERT T IHEROEA L omE
BRBHEOIRZITV, BET T T 7 A WS Tt 5 — NS K DZAF5E o8N, AETa 7 7 A NV CEAMPT LIZE
RMEFFOBUR 2 — N X DB B AR, 7 v 7 T 87— BHREOM LI X D REAR N Y — 2F o L v
V@A R A SCELIDRD Z AW o L. filziE, KRBT 7 FOHE RIS DT v 7 F R & R OB iG 7
VTP L DR T T TN — B WD Z T, R AT LR OSE O 3.5 5L EOEERARE SO
BT & EHAERATIC L W LT L.

AFR SN CTIRAT Fligk AT, ARRBREES A B D 28k, KEWEET v 7 I X 23%GHE | EE oSk U CakaE!
FEE, $REF2HESIL, MIMO AT AOBREHMEAUET A -OICHEATHD. ZLTT VT THETHRBH LN UDREST
W0, EERZEN D 5 b —F OIEIRBREE DA LEE L TWVed o720 75 & 5 itk OBRFETIIE bR 128
RT T FHEEE RO, ERTH-OICHKERFETHDH. ZORKEKEL VAT ARFPHEICRY ANWD Z & T, 7
TFHET, TR, T U—EEREORFE L OMEEEO TR TD 2 LN HKD.

%5 FSCE R IX, RIS 2000 57 & 503 300 3E% 1T DT 57, & L <IFEIL 800 35 % 1R L TS0,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
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This paper proposes a new methodology to design optimal antennas for MIMO (Multi-Input
Multi-Output) communication systems by using spherical mode expansion. For future wireless communication
systems, such as SU massive MIMO systems, there are several design parameters such as beam patterns, the
number of beams (streams), the shape of array antennas, and so on. In designing a conventional MIMO antenna,
first the antenna structure (current distribution) is determined, like rectangular patch array antennas
implemented on a planar surface with linear phase shift beam patterns. Second, antenna directivity is
calculated based on the current distribution, and thirdly MIMO channel capacity is calculated by using
given angular profiles and obtained antenna directivity. This process is repeated by adjusting the antenna
structure until the performance satisfies a predefined threshold. However, it remains unclear whether
existing configurations are optimal or not.

Therefore, we propose a method using OBPB (Optimal Beam Projection Beamforming) for designing
configuration parameters of the hybrid beamforming. Given spatial channel properties of a MIMO channel,
the optimal beam patterns are derived to provide the largest channel capacity with a constraint of the
limited implementation space (volume). Then, the optimal beam patterns are projected on the assumed surface
to calculate the achievable number of streams and the resulting channel capacity. The results of numerical
analyses indicate OBPB with a spherical surface yields at least 3.5 times higher channel capacity than
conventional patch array antennas with hybrid beamforming. The OBPB method contributes to deriving new
antenna structures and simplification of the antenna design
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