2015 #5533 stA S 3

dv| gt 7| 3P

A

9

ot
Hu
5
[
)
[

=z 0
TETa
s

WETY A2ge $5A7] BA
3%
o 8

joonoos@kmou.ac.kr

Transceiver Design Method for the Millimeter Wave Based Uplink Hybrid
Beamforming Systems

Joonwoo Shin and Jeongchang Kim
Korea Maritime and Ocean University

[e]
a

ANZFo R %23%E o]|EEN

A= [RANY Ait]]-/—k—%

HEd Jles dstar g # =RelAe

#8317 5
wideband) A|A® FZo] fLoldt 3-300GHz WavgH3 g w9ls 1851
o AFE g o]FEAA AHEHE 3GHz olate] thele] wlste] AntEA o] o
gelel agAed 2848 A8 5 Ad ol FA AARE ofdET/UAE ¥
shojH g =

ok
of

A A 2R S 23 (ulira
Qe eivh @ejn e}
otau. olef e Welule 5
N2y J)4e Ag solue:
A%e Aed oE ey Aewa

s 5 Al

ol

] 5z 1)

CED

A XE X AZ-EA (zero—forcing) T2 FFA17] A7 7|WE A7

1. A&

%1% dolg A4 FA A" gF o Fbel uet
(11, 2w (millimeter—wave; mm—wave) T35
e FFE M AAER  (spectrum) & o] &%
dEuEy F4l 7)ol FE5E wn Qv [2]. HYuE
T4 J1ee 4 717F HE (Gigi bin e dlolE AF £
94 F e Vo, ofF w2 28 FusE < He
A4 &4 (propagation loss) & #A+th [3]. 18y o]
AE Fale dEvEIte e g o)gd Ui
JelvE FAAFoEHM WA F gtk o]d opdEI
gA" 23 Ags AFs stojlmygt WA  (hybrid
beamforming) ©% <Y 7]% (multiple—input multiple—
output; MIMO) o tjgt A7} gutsiet [4-6]. dlojEFE
Wxn 7&e ofdzl dtdole Aok ofdZ HolA
%747] (phase shifter) 9] 44 o]5 A%k, ANFE FHolA
Alo17]  (phase control) TOoZ <3, ALY FEA

EOE ofol 2
[4,7] %ol oltt
R E!

(covariance) & o|&3t= WH [6],
(dominant eigenvector) & ©]€3}=
g3 olgst sfelHE Waxw W
(downlink) A|~®S AAZ A5

319

B eRoie obd2 7 fugole 3EA Aok 7HeHe
g BAl 9ol 3 GPP EY oEFAH  (Long—term
evolution; LTE) TF# el =913t o]ik o] W3 (Discrete
Fourier Transform; DFT) @& 719 1743 % (fixed beam)
& A&ste AFHA el Hlxw AAE FxE
a/letal [8], d¥E A AMEAE (M AAS e AZ-E
(zero—forcing) 71X A7) F+25 A|Qkdtr},

e

2. o]4t FEo ¥g FE 7|9 AFE I 3ol
BEE Wxd AAH (Discrete Fourier
Transform Matrix Based Uplink Hybrid
Beamforming Systems)

Bowged agsk: ey s A4y
sfolugl= WEy Asde 18 13 2



2015 #5533 stA S 3

Baseband
MIMO
Processor

{M,P}

Qoo kWAl AgR v
band) A& X = W¥YW AL
( N, ONSED/NO= H= o 59
L—\:Oﬂ/ﬂL old® 1 W™ A4Z 3 GPP LTE/LTE-A

71 A<
c Ckal

A%dry, =

p

(base

oA H&stE= DFT dES& ARgSt. & 7479
ofdz21 HWMEY A¢E DFT 389 permuted &
(column) o sFattt. Z7] NxN DFT 9] |3,

A gl ko AgRga ¥4 Ad

(ant) (ant)

H, (ECN" *Nes ) < quasi-static =g (7] &=
itk Ad AlGTE deoj® WEta 85 JdAe d)=
7}AE A, A QHEY (Geometric) MY RS o] &3
g3 ol welde = gl L 7f scatter 7} 9lar,
7} scatter & Z|A=T @EIbe] sy HWEF A=
(single propagation path) & Zt=t} 7F4gshd [9,10],
Ade & Zo] x3dT 4 ok

(ant)

%Za@am (e'(k))aBSH (ﬂ(k))

4714 p) 3t a = A7 kWA AR wev)e
NAZ 2k A £ | 9A) scatter & 533 A2 9]
depant (left-,L}).
‘&, A2 4 JE22 HdHo] (Rayleigh) X & W&t}

-

%0]% (complex gain) &

320

MR 5,

e 5L

o
ot

Ol|(k) 0 N(O,ISR) el
SNi= t9|(k) <} ﬂ(k) = angle of
(AoD) 8} (AoA) E
st t, ay (6F) & ag(4Y) = 44w

Z1A=el Qtelv wiE &9 #H  (array response
vector) ©]t}. Uniform linear array (ULA) StE|lUYE
714 A, 71A 79 gGHY md see oS3 Zr.

T
.27 .
)] ... (ant) _ (k)
N (am) [1 exp dsm ¢ ) ,exp(] . (NBS 1)dsm(¢, )ﬂ

P, & @z

departure angle of arrival

aBS

71 A v Awel #, d v 7 AR ey
Arg euigeh k wA AR gEvlel we ew
N9 ay(4Y) = we wwew waw + an
47 A9 mAe s gol AUS ol 1A

EAY 5 vk
H, = Ay Vdiag (o) 4,

1714 diag(a)x #E a 2 A7 diagonal FHL

“Lefar ABS( :[ BS(¢1 )v'

AMS(k) = [ams (Hl(k))7“'1aMS (eﬁk)ﬂ = 2z}

A= ki walel Loy Aol da )
EEEE LR RIS

il
oo
ot

3. AIZ-F7% (zero—forcing) TZ9 A=
3 slo]BYE WEW AJAHL FA7]

O Mol A3 ANz mdo] thaf AT Al
A o

k=1
/1A n(— Pk/af)—t— $4 Ag Ao AF, B
- 2 2
gwr An &4 A9, E(|xk| ):gx

NEYxY o . . . o
nleC 2 additive white Gaussian ¥z 7t

PHE =RAE 71X g7 4] 2] horizontal
29Y) BExYW 2= 13t wabA] elevation
angle & A3}l azimuth angle 3+ a1 gkc},



2015 #5533 stA S 3

+n

DFT &gz o|gx G|
VeC™ g gz quy o

- KxK §
2 A4 (processor) ReC™™" & o]&3)
A AsE FAE 7 Aok

7IA=  RF WEH

o
0
)
-
w4
>

©

x =RVy

A7 K we] Abga d@r]oa $AHE N353k
4A = A|Z-XA  (zero-forcing)
ZIAAS A7 = o Zo] A 4 QT

714 pinv(X)-< qlele] e Xel o3 pseudo-

inverse & <]u|gtt} [9].

BN s S E R
9 % AR-XY A7l
A

E1 = ol ] e e |
A2EE AT RF

. RF AgielA DFT ¥
ZIvk 1Ay WER wWHs AEsta, AR 1HES
sl AAY HE 1AdGY vs <tEd
X 2 A A (processor)® A Z-¥4 (zero-forcing) <Al
WS AR P

shdoe] A og

=20
Rl
i
r U

2 Al EHold Ak AdS B8 AAE Zelth

321

[1] Y. Guo, D. Liu, and N. Bird, “ Guest editorial for
the special issue on antennas and propagation aspects
of 60— 90 GHz wireless communications,” IEEE Trans.
Antennas Propag., vol. 57, no. 10, pp. 2817— 2819, Oct.
2009.

[2] R. Daniels and R. Heath, “ 60 GHz wireless
communications: Emerging requirements and design
recommendations,” IEEE Veh. Technol. Mag., vol. 2,
no. 3, pp. 41— 50, Sep. 2007.

[3] S. Rangan, T. S. Rappaport, and E. Erkip,
“ Millimeter-wave  cellular  wireless networks:
Potential and challenges” Proceedings of IEEE, vol.

102, no. 3, pp. 366-385, Mar. 2014

[4] A. Alkhateeb, O. Ayach, G. Leus, and R. W. Heath,
“ Channel estimation and hybrid precoding for
millimeter wave cellular systems,” IEEE JSAC. vol. 8,
no. 5, pp. 831-846, Oct. 2014

[5] J. Nsenga, A. Bourdoux, and F. Horlin, “ Mixed
analog/digital beamforming for 60 GHz MIMO
frequency selective channels,” in Proc. IEEE ICC,
May 2010, pp. 1- 6.

[6] A. Adhikary, J. Nam, J. Ahn, and G. Caire, “ Joint
spatial division and multiplexing — The large-scale
array regime,” IEEE Trans. on IT., vol. 59, no. 10, oct.,
2013

[7] A. Alkhateeb, O. Ayach, G. Leus, and R. W. Heath,

“ Hybrid precoding for millimeter wave cellular
systems with partial channel knowledge,” in Proc.
ITA, May 2013, pp. 1- 5.

[8] “ Results on zero—forcing MU-MIMO,” Freescale

Semiconductor Inc. 3GPP TSG RAN WG1, R1-071511,
Tech. Rep., 2007

[9] G. H. Golub and C. F. V. Loan, “ Matrix
computation,” Baltimore, U.S.A.: Johns Hopkins, 1996





