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Abstract
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AL (5G ¥ 6G) 7IA T2 kst dAst] AgH oz gy s thekst WAl thE
kel Y Al A~ (Multiple—input multiple—output: MIMO) £ A}&3fojof st} a2y, dAE3 =
MIMO 752 I Fx24 8 e @2 Aol7t EAste] Hed 2As5SE ET
Tt el wol ofg o] EAsT}. o]t T’ijﬂé?—j‘é‘ Adstr] f3l, & =TdAe tgs
MIMO WAE& e EHF st A8 & JEE dFs ddstd d+: ts ey
A2~ ¥l (Unified Massive MIMO) = A A7) Y& 119 H of 3= T2 AlEEo i mE3h)

¢

DPC (Dirty paper coding) [1]&

Division Multiple Access)E 93t  7]<&,
]

kel e

A Study of Unified Massive MIMO Design for 6G Mobile Communications
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9%t ES(Eigenvector
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6G FA4RE 7w 7|8 Ast Fo sty ohekdt Steering) 71ES HEA3t d+e=d, o] v FH OEF
A stellA F&et7] H% ¥% EE(Common mode) & Qualcomm ©] X33 9l Common 7] 7|HF $fofA
7= AEelzt & £ vk olE flEAl At Es AAEY Qlth. wbde]  OL-MIMO 9]
Qs il LA7IE o3 QHeLE Aol & 4 9= Diversity—spatial multiplexing
1*5“ (Multiple—input ~ multiple—output: ~ MIMO) (SM) order & Z#3&7] 9&lA Effective (virtual)
therst SR/ ey W ARERE, T8l Au|AE X9 antenna /NES Z={dste] A4 A3 A AHE 7ﬂ
T sk Eﬁ‘% TZXE JHAoF grh ERE gty Sl olgst wdIEHu  fAds F2
54 247 deAME Ad Ao FA FHA FAANE FdsA AT £ =™, E—Té]
Eud (RAT) S FR/o uwet X 7led o9y LDC (linear dispersion code) [2] AY& Al&3ozH
Eo] EAst=d thokd RAT 3+ A3 842 FAdE A skar ok
Qofof sttt ol dvtE tE QY
Al2~"l (Massive MIMO System) 9 &8£S E3 24 % 1.87HA T& Ayge 2 gx AFE
7Vesttta 3AX L QU AdgEe | A gy AWE A s 874 o] 54
MIMO ¢ s2 AyvgleEs sy Cellular Low/Medi
RAT W& thekdl et} 2=, A otug)=, wjou 4 Mobilel | (Large WAN Rural owvied
5l A o] A3 2= Q) o B o X = o Cells)
S T. Mq—q L& el Ljaﬁl— 30 Cellular Urban/ Low/Medi
o sk Avgolty, ol o|F El=, Mobile2 | (Midsize MAN Suburban/ ow/vied
1A ol A AFEre] ShAl X g 4 gledd F41719] Cells) Rural um
B FxE A v dtu w=w Ade] uel | Tsotated | por, | Urban/Indoor/ 1y po iy
P o . . oo Nomadicl| (Small ’ Outdoor to .
dolg  dAEE, WY 43k, Diversity Cells) LAN indoor High
multiplexing & #AstA A= Aol HashH, Cellular [[ 400 Indoor/ [y iy
2% AEA F4E AdHes Ada7) Q8 ARE  |Nomadicz| Smal |MGPTAOU ndoor 1o [Medium
%5 7HAoF & Zolth 6G ol AY A E AP Cells) - —{—outdoor :
5 N Lo _ . Rel Cellular/ | Range & 7, Urb Low/Med1
v=r9] Qualcomm Inc. ¢ frHARL o2 g Massive Y | Isolated | #1%=% -3} rban um/High
MIMO 9 7V S Q2% QA s v)g] & shetsta gl Moving Isolated Bus, Subway, LOS Low/Medi
= A EFZE Resu 9tk WA Network Train, Plane um/High
O Aby _ _ Indoor/Indoor .
. = AvEE, OL(Open. loop) ~MIMO %} Ad—Hoc | Isolated | TRS, P2P to outdoor/ LOW/I?.[GSI
SCW (Single Code Word), MCW (Multiple Code Words) = Urban um/Hig
CL(Closed—loop) ~-MIMO 7],  Z1¥il Broad— | Cellular/ [ i [Urban/Suburban{Low/Medi
Matched—filter based precoding ©]2}= SDMA (Spatial casting | Isolated /Rural um

0969




2023

At 2E 2FA Y FE3E FFI B W 6G oA Y
Massive MIMO + 98] mode & Alo]2 WH7F
<l (flexible)stAl & = Q& e ZHES 7R
2l 3} ¥ (unified) FE)Z 7Fof & Ao|t}. Diversity, SM,
a8 w5 AFs stelrge WAS wE FA3
T = o] Ao W}F/‘r Ags|A Agshe 7= WA
ohoFst o]F RAT & A Yste 6G oA 5284 &AL
Aol AU 7HsAdo] =k Bk oyt 2 Al(cell)
Wel %= Geometry ©f w2} = 334 (feedback
channel) & ZFejel 22 <Ist 2183 4 Q= MIMO 7|&
S 9 Z2Ex7] &l Geometry 5% THAME
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¥ 2.MIMO ¥4l 7% &5
e ZE
Space—Time Block Full diversity, rate 1 & 7FA]+& code &
Code
BLAST (SM) Full mult1p1ex1ng§g%wer51ty 5 7=
LDC STC(Space—Time Code) =5 dlspers1on

matrix & 484 o7 1 7t TH

Perfect STC
(PSTO)

Cyclic division algebra & ©] &3}
design 3 full-rate, full—diversity code

SU—-MIMO ©| 4] precoder codebook
SDM index, rank adaptation F &, H N<
HETE I e e Feo] gy Wi

Per Ant. (Stream)
Rate Control

SU-MIMO |- ¢telud & A=

@%:_ﬁ\'_l‘__e Z A& )‘ %L H]—lﬂ

SDMA st e FARFEYE 7F MU-MIMO
MU—-MIMO w/ SDMA ¢} Zoi}t z+ A7 QU=
Multiple Rx Ant. |1 7~Tx ohzﬂ T 7HA= A4S SDM %
per user SDMA £ &3 g2ozg & 4 qlS
DPC Ao A CSI && 19 Fol= ARE
a3 S W B AA Ve

2R 39

Linear Receiver inverse = watALf 7ﬂ7]°ﬂ noise
variance & U3 e E 7HA3 &
Near—ML HA 94 ML 9 BEdEE ZFolu
Receiver (Sphere e FARHA A& W (o143]
Decoder %) ERALE 23)
7* Layer 2 x4 02 decoding &
SIC 28 MMSE 53 e B we e
Arolel A A FE tradeoff = B4
Joint Detection w/ FEC (Forward error correction) o] & Q.3+
Optimized FEC LLR (Log 1kehhood ratio) AAFS $13
p soft bit & WA 7] = B2

Tx 7} Diversity mode & X A W]
Spatial Multiplexing mode & X3 Z1<lX]
Rx 7} A 3lA feedback 3= 7]3

Mode Selection
based on rank

Mode Selection based on rank °©ll Ut 3] A],
o]l Antenna & H3WS u Throughput ©]
Huj7b ==2 dAst= dugs

Antenna Subset
Selection

II. Unified MIMO Design

@Gadstd MIMO AAE 98
MIMO F21 7l&3 41 7l&S % 2 9 1% 3 o 424
k3] 71kl & 2 oA, LDC ¢ PSTC(Perfect
Space—Time Code) [3]E= EF $A717F A8 AR
ot & lokeE THgolH, o)y 7IES w|eA KH
OL-MIMO += o}YXA|7F Antenna selection bit =&
Spatial stream bit ¢ F 7MHAE ¥+ A2 OL-
MIMO 2tz g e E aklvt. webs LDC, PSTC B OL-—
MIMO 9] Wt ¥3&%ch 18]ar CL-MIMO + Tt
SU(Single User) —MIMO, MU Multi—user) MIMO Z

ey 6H°¥ O}L T8
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Us=d SU-MIMO & SDM(Spatial — Division
Multiplexing)¢|&}x  H37|= 31 MU-MIMO +=

SDMA gt A5t = st
E 34, FAltEY 7 FAltEURG 4S8 et
SIC(Successive Interference Canceller), ML (Maximum
likelihood) &2 14T FA7E AFEsHA] &+ RAT ¢
$ol= SDMA & A& 7401 29 Ao o d&eAo|th
AZ7tA el SM F217] = ?ﬂol Lﬂ‘j ERdsAY d%E

Ay
Qs ASAL Fe B EFo] mEel 4EE
olmet FHes GAA . T HEe Saa
ML a2 Fal7lels Fdshs ik S7F AAA
=S wide Axe HAolEy wWe £ dyg|Eo)

e ML FTox fAEA B grjxo=
UEE ATE FAste] gk dA) 7?” g 1 H+e
71%°] MMSE (Minimum mean square error)—0SIC
(Ordered SIC)o|t}. MMSE + ~E#® ¥ SNR(Signal—
to—noise ratio) & |3}t —’F Q& 7]%o]a, OSIC &= 7+
2E®H SNR £AURE M AAE FIdst] R/
s HASAIZIARE e HZF dib @2 Apolrt
Q171 wiZel ML ol 7I9& & 3% (Sub—optimal)
wale] dyg]Fo] wol AFHE I Qe Aol

m 22

2 ATAE 6G ol EA AAEEY A Tl
st 4= 9l Unified Massive MIMO & AASH7]
—’EJ]EHO]C St T3 AEES S5 O—JI’_F/]

23Tl Unified Massive MIMO 2] 7]
CL of wAQlel TU A7) RS 7HA
48 Jhsgt FJ=W 3 SNR gl Lf]r‘j/]r 7}““5}
=z 3] (Precoder) ¢l 5 XH37Y Multiplexing
order & 4% ¢ Stk ¥ Jhed A= g
SNR #tel w& 9 AX (Threshold) & #AA3 A +
Qo OL ¥ CL & 543t 7%= AAT & Q. o]
Threshold & sk dixZQl AAHS MIMO 9 Ad
73} (Channel hardening) & ©]&3] AFEA}e] <=of wheth
7y AEAPE SEWES Hstn AAEHS A3
R 4], Z+ A2 SINR(Signal—to—interference—
plus—noise ratio) o] W} 7HE3t I =W S E=EE
Azlel g FEWNS 747 BUW FAT7F 443
'&]ﬂ'—é A OL Q1A CL A o= AFEAE A8 EH
TS AT F As Aol

r1r e
= nm TN
rlg
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