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Q GI0I&H Mapping

Q Tx Signal Flow

QALFEERS

Q8L

QMAHIHE

Q AAS (Adaptive Antenna System)
O Space Time coding
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=clHS A&

O Cellular based portable Internet system
€ Frequency reuse factor 1 0| &

0 OFDMA system

O TOD system

O Advanced FEC
¢ CTC

d H-ARQ

O High order modulation

Q Smart ANT support

€ Range Extension
¢ SDMA
Q STC/MIMO support
€ Open loop (STC, Spatial multiplexing)
& Closed loop (ANT grouping/selection, Precoding)
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Parameter Value
System Bandwidth 10 MHz
Sampling frequency 10 MHz
Number of used tones (OFUSC) 864 out of 1,024
Number of data tones (OFUSC) 768
Number of pilot tones (OFUSC) 96
Tone spacing 9.765625 kHz
Signal bandwidth 8.447 MHz
Cyclic prefix 1/8
Basic OFDMA symbol time 102.4 pus
Cyclic prefix time 12.8 ps
OFDMA symbol time 115.2 ps
TOD frame length 5 ms
Number of symbols in a frame 42

TTG+RTG

161.6 us
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UL subframe

DL subframe

< > < >
b e e B e i | ___T___—l

fa) fa) fa) 81 —~
— o o o £ 8 '
) £ 8 8| ¢ q 2 :
SloF|luajua|loal o g OE| 8 O
Elopa | @ |9 | & I 3 S > N = ] s |
Sl2 1282828 < (@l 23 = < |

< T © © © o < | o o

o @] o} o} o} e] — I
L £ £ £ =y ) I
o] o] o] I |

o o o Q ~—
S S NN S SR S - __

Must appear in every frame

r _———
| I
| : May appear in a frame according to mapping

DL/UL Zone switch IE
- DL: symbol offset, length, permutation, PermBase, PRBS_ID,
STC type, AMC type
- UL: symbol offset, length, permutation, UL_ IDcell, AMC type
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€ 3 preamble sets

» N+3*K
0 6 9 1695 1698 1701

1 Common synch symbol
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Freq. Diversity

Selection Gain in

AAS HE E0ld

gain scheduling Pilot overhead (DL/UL
Symmetry)
DL PUSC Good Good 1/8 No symmetry
DL FUSC Good Good ~1/11 No symmetry
DL OFUSC Good Good ~1/9 No symmetry
Symmetry with
1
UL PUSC Good Good s TUSC
Symmetry with
UL OPUSC Good Good 1/9 TUSC
Good in H-ARQ Symmetry
MAP &
DL/UL Band AMC , Better 1/9
Bad in normal Retter for
MAP

beamforming
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SHERE L SH

Q0L FUSC

¢ Slot = 1 symbol
€ Construction: 1024J]| Bt

Subcarriers

Used carriers [0S E4S I | Symbols

0 9 81 153 225 297 369 441 513 585 657 729 849

Of data tones(48) ? Constant Pilot Set 0 ? Constant Pilot Set 1

0-15 16-31 32-47 752-767

Symbol 0 ||

Subchannels(16)

Symbol1 '

|
0 10 20 30 40 50 60 70 80 90 100

Subcarrier index

? Variable Pilot Set 1 ? Variable Pilot Set 0

Pilot allocation
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EY EEE T

D UL PUSC O @ symbolo

@ Slot = 3 symbols ® ° ::tl
€ Construction: 1024J]| Bt

Subcarriers .

210 tiles

tile grouping(6)

35 Subchannels
(1Dell)

Change
Mapping order

Segmentation
Bitmap in UCD

Subchannel
Enumeration

subchnnel
rotation

Slot O Not applied for UIUC 12, 13
Slot 1
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Gl Ol& Mapping

1 DL data mapping

OFDMA symbol number

>t
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® Each slot shall span one or more subchannels in the subchannel axis and two one
or more OFDMA symbols in the time axis.

® Continue the mapping such that the OFDMA symbol subchannel index is increased.
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Gl Ol& Mapping

3 UL data mapping . ool numb

< Uplink zone >

\/
-

k-1 k k+1 k+2 k+3 k+4 k+5 k+6 k+7 k+8 k+9

Slot (n+11) Slot (p+23)
Slog (n) & P

Slot (h+10)
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OFDMA sub-channel
number

The UL mapping consists of two steps.
A. Step 1 — Allocate OFDMA slots to bursts
B. Step 2 — Map OFDMA slots within the UL allocation.
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Gl Ol& Mapping

Q=cdd& 24 21X

Mandatory Manggtory
. DL PUSC B FUSC, OFUSC or AMC - UL PUSC ~ OPUSC or AMC
Burst4
Burst 1
Burst 4
CQICH

o
00!
0!
HI

e FCH: 24 bits, Y M PUSC zone &% & &, MAP

« MAP: Burst allocation 8 &2
Data bursts: Data or control traffic from/to MAC later
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Tx Signal Flow

 Tx Signal Flow

From
MAC —| MAC PDUs > FEC I Modulator
Layer
Subchannel| . R ) __, TO
Mapper IFFT Transmitter ANT
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Qlate LFEE 232 &

& Convolution Code (CC)

¢ Block Turbo Code (BTC)

€ Convolutional Turbo Code (CTC)

€ Low Density Parity Check code (LDPC)
d Coding rate

®R=1/12~5/6

€ R =Y 0| &2 Repetition coding=2 Al=etL}.

d S8 HEE S signal path

Data to

transmitin —J»| Randomizer -9 FEC | Bit-Interleaver ~9»| Repetition [P

PHY burst

Modulation

N Mapping to
OFDMA tones
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0 H-ARQ A[&

& Link adaptation mismatch &4

» CINR estimation error
» CINR feedback latency

€ Incremental Redundancy Type
> CTCZ2 2 XI& Jis
€ Chase combining type
> 2= FFE 25(CC, BTC, CTC, LOPC)0l CHotH Jts
& -2 S X0 16JHS] H-ARQ HE X &
& ACK/NACK feedback
» Dedicated PHY layer ACK/NACK feedback channel
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 Data Modulation
& UL: QPSK, 16QAM
& DL: QPSK, 16QAM, 64QAM

by Q c=1/42
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QPSK, 16QAM, 640QAM constellation
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HOxH=

O Ranging
€ Ranging based on CDMA code
& |nitial ranging & HO ranging

> Adjust time, freq. and power offset of MSS entering network
€ Periodic ranging

> Adjust time, freq. and power offset
€ BW REQ ranging

» BW request

e
guard _
mnterval lime -
_______________ EQP_)_%WLF@{[ e e e
cp cp
1 [ 1 Y
.. copysamples 1ot copysamples .+ leeeees e
| || | ' |
OFDM svmbol period OFDM symbol period OFDM symbol period
Initial Ranging Periodic or BW Req. Ranging
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HOxH=

Q CQICH

€ CQI channel: 32 different SNR levels
> 6 tiles (8 subcarriers X 6 tiles)
= QPSK modulation
» a data payload of 6 Dbits.

6 bits payload -> vector indices per Tile Tile(0), Tile(1), ... Tile(b)

0Ob101001 ->6,4,0,3,5,2
Vector index My mgs My gmats -+ Mygmar - oot I
0 PO. P1, P2, P3. PO, P1, P2, P3 carrier carrier N
I PO. P3. P2, P1, PO, P3, P2, P
2 PO. PO. P1, P1, P2, P2, P3, P3
Symbol 1
3 PO, PO, P3. P3. P2, P2, P1, P
4 P0. PO, PO, PO, PO, PO, PO, PO
5 PO, P2, PO. P2, PO, P2, PO, P2 pilot pilot
carrier carrier Symbol 2
6 PO, P2. PO, P2, P2, PO. P2. PO
7 PO, P2. P2, PO, P2, PO. PO, P2

Subcarrier mapping of

Orthogonal Modulation Index in Fast-feedback channel Fast-feedback modulation symbols for PUSC
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HOxH=

J ACKCH
&€ Feedback for DL Hybrid ARQ

€ 1 bit(ACK/NACK) is encoded into a length 3 codeword
> 3 tiles (8 subcarriers X 3 tiles)
= QPSK modulation

ACK 1bit symbol -> vector indices per Tile Tile(0), Tile(1), Tile(2)
0->0,0,0;1->4,7,2

Vector index .1!‘”1 . .1!‘”1 et ooor ,U”‘Sm L7 pilot pilot
0 PO. P1. P2, P3. P0O. P1, P2, P3 carrier carrier Symbol 0
1 PO. P3. P2. P1. P0O. P3. P2. P1
2 PO. PO. P1. P1. P2. P2, P3. P3
Symbol 1
3 PO. PO. P3. P3. P2, P2, P1. P1
4 PO. PO. PO. PO, PO. PO. PO. PO
s PO. P2. PO, P2. PO. P2. PO. P2 pilot pilot
carrier carrier Symbol 2
6 PO. P2, PO. P2, P2, PO, P2. PO
-
7 PO. P2. P2. PO, P2. PO, PO. P2
. . Subcarrier mapping of
Orthogonal Modulation Index in UL ACK channel UL-ACK modulation symbols for PUSC
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A Dedicated AAS zones for DL/UL

& DL/UL framell 28 AlES
€ Non—-AAS EA N AlZHEC 2 =2

AAS zonelL & A=

PUSC OP—UFSU%/C AMC (2 x 3) / TUSC (0)-PUSC AMC (2 x 3) / (0)-PUSC
—> —> < «“—>—> »
TTG
e —— — =7
|@ AAS-DLFP AAS-DLFP
FCH | i UL burst #1
| [ .
| | DL traffic burst #1 UL burst #2
o | ————»
< | @ | o -«
= o] . Ie) — - -
@ I Broad | € | DL traffic burst #2 o c R =
£ e cast | 3| = S| <= =
o | o | = a c
g Burst = . O < UL burst #3 3
a I = ! OL traffic burst #3 ~ #5 O = )
&) &)
N | w w
< I .
fl : : DL traffic burst #6 UL burst #4 ~ #6
D
: AAS-DLFP AAS-DLFP |
Non-AAS AAS Zone Non-AAS AAS Zone
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O AAS features
& DLFP (Down Link Frame Prefix)
> FCH, MAPG&! 0| AAS allocation & &

€ UL AAS preamble
> Spatial signature &=
» DL/UL symmetric trafficd 2< DDLUl & Jt=
€ DL AAS preamble
» DL Beam &
< DLE spatial signature

€ UL Channel Sounding
> DL/UL asymmetric traffic¥ &
1St Beaml =z ™

€ Private MAP
> Allocation 82 £ trafficdt =

> MAP overhead &£~
€ SDMA allocation IE
> SDMA allocation=s @ 24822
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AAS (Adaptive Antenna System)

QAAS &2
€ Coverage Extension
> MAP coverage 52| MSSO| ot &=
= 4\_8 6|.l:§

> DLFPE 0|20t MSSJF Network entryE =dotE=5

€ Adaptive Beam forming
> UL AAS preamble, Channel sounding= 0| &3} spatial signature

st

F

gol

€ SDMA (Spatial Division Multiple Access)
> UL AAS preamble, Channel sounding= 0|20l 0{ spatial signature
sty

> DL AAS preamble= AtEot0d SDMA beam= €
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STC/MIMO

A Dedicated MIMO/STC zones for DL/UL
& DL/UL frame? L8 AH=2 MIMO/STC zonel Z AIE
& Non-STC/MIMO g9t A2t &S = 22l&

pusc  SUSC AMC/OFUSC/PUSC (0)-PUSC  AMC/OFUSC/PUSC  AMG/OFUSG/PUSC
“—r “— < » € —P>C—>« > >
TTG
FCH UL burst #3
DL traffic burst #2
STBC UL burst #4
0 —
< DL traffic burst #3 -
o | 7 DL iyt « | UL burst #2 J——
Yo a traffic e = L
E burst S |\————
g #l DL traffic burst 8 > UL burst #5
| _ - .
- Spatial MUX
DL traffic burst #5 “— -
a #4 Hybrid
<§( Spartial MUX with ANT
B selection
-]
Non-STC/MIMO Zone MIMO/STC Zone Non-STC/MIMO Zone MIMO/STC Zone
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STC/MIMO

Q X A
€ Open loop STC/MIMO
> CINRR & A& 32 222 otAl 2=CF.
> Transmit diversity
= Alamouti code S: =2 diversity order
» Spatial Muxing
» Blast P4l =
> Hybrid 24
€ Closed loop MIMO (Feedback is required)
> CINRL EEo| A2EEE ZERE el
» Antenna grouping
= TD, Hybrid &40l M spatial channel & EH0l 2t Tx ant pair 84S S

2:>|

0
pal
O
fol
i)

> Antenna selection
= SMO|| CHGHd &= ANT & &
» Codebook based precoding
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| WiBro 22l H&

ds &S ?let USCHHIL D=
- Theoretical Background
- WiBro AAS Technology

- WiBro MIMO Technology

© SAMSUNG Electronics Co., Ltd.

25/30



Theoretical Backgrounds

@ Antenna Technology
@ Channel Capacity
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Multiple Antenna Technology

e Space Diversity: Link Reliability

o Spatial Multiplexing: Data Rate

o—
—O TR o—

Multiplexing
« Beamforming: SINR, SDMA

« @

—:@

e Beam forming

© SAMSUNG Electronics Co., Ltd.
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Transmission Scheme

H:{hll hu}:[hl hz] pl»/imaxl

th h22
2, :eigen —value of HH" P —> o) “ c,
it Al =E Hesy
1.,
WF-CL-MIMO/  C =Y log, (4,4)" 2 =) =p
WF-SVD-MIMO i i |
EP-SVD-MIMO C=> log,(1+p/2-4) p=pl2
BF-MRC C=log,d+,0-A..) Prax = £
STC-MRC C=log,d+p/2-(A,n + Arin)) p,=p/2
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Channel Model

_ 1/2 1/2
- Channel Model:H, =C;;,G, C:/,

where G, has i.i.d zero-mean unit variance complex
Gaussian RV’s as elements for user k and

1 p X 1 X
CTx,k =|: x le} CRX’k = . Pruk
Prxk Prx.k 1

v' A2 antenna spacing
v pq, = 0.97e934r (Macro Cell), 0.76e!%17= (Micro Cell), -0.3 (Pico Cell)
Prx = -0.3 (Rich Scattering)
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Macro-Cell: Average Spectral Efficiency

Take the vectors for ZF-
SDMA & BF-Only in 2x1
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MIMOIVsS. AAS
Technology Compar -

Category AAS MIMO
Pilot Per Beam Per Antenna
Preamble
Cg?gtr;el Necessary Necessary or Not
Information (Closed-Loop) (Closed or Open Loop)
RF Adaptive BF (Yes) Adaptive Precoding (Yes)
Calibration Pre-defined BF (No) Codebook Precoding (No)
Favorable Near LOS Rich-Scattering
Conditions Macro-Cell Pico-Cell /Indoor
%Zg?rﬁl Coverage Enhance Link Reliability (TD)
J BS Throughput SS Data Rate (SM)
Approach
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WiBro AAS Technology

@ AAS System Design
@ AIr Interface Detalls
@ AAS System Operation

@ Implementation Issues
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AAS System Design

Design Requirement

Data Channel Coverage Extension
Beam-formed Transmission of Data & Pilot Signals
Dedicated Pilot Processing
Control Coverage Extension
Beam-formed Access & BW Allocation Channel
SDMA Scheduling
Periodic Channel Sounding Signals
Wide-band TDD OFDMA System
Band-narrow Orthogonal Signal Design in Freq. Domain
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AAS System Design

Air Interface Specificatio

@ Downlink Design

— MAP Coverage Extension
* AAS DLFP: Diversity Beam Scan of System & Access Information
* AAS Private MAP: Beam-formed MAP Transmission

— SDMA Allocation: AAS SDMA DL IE
— Dedicated Pilot: AAS Preamble, Per-Beam Pilot

@ Uplink Design
— Access Channel Coverage Extension
* AAS Ranging Channel Pointed by AAS DLFP
— SDMA Allocation: AAS SDMA UL IE
— Dedicated Pilot: AAS Preamble, Per-Beam Pilot
— Signature Estimation: Sounding Symbol
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Al Interface Detaills

MAP Signaling for AAS Mode

MAP Pointed by Code Rate H| a1
Normal QPSK 1/2 ~1/12
Map FCH (Fized) H-ARQ Support
: DIUC &
Sub-Map Sub—M 2 a2 Repetition H-ARQ Support
in DL Map :
(Variable)
: DL IE in DL Map DIUC &
Private : i H-ARQ Support
Map DL Comp IE in AAS DLFP Repetition MAP SDMA

Private Map (Chain) (Variable)
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Al Interface Detaills

Private Map Cha-

e e W v N7 [ [ [N [
: v

H ) E t| Private ] Private Traffic 1 Traffic Private Traffic Traffic

f IEsin [l Map | Map Data ! Data Map Data Data

g Nl?/fmal 1 . Burst |} Burst Burst ! Burst Burst Burst Burst

1l ap | E L B I R D (4 === = Lo S e e ) (N [ — e N o [ [
| Burst ]

9 J

g ]

PUSC DL UL PUSC DL UL PUSC DL UL
Normal MAP AAS Zone AAS Zone Normal MAP AAS Zone AAS Zone Normal MAP AAS Zone AAS Zone
Frame n Frame n+1 Frame n+2

% Initiated from Normal Map, AAS-DLFP
% Specify DL/UL BW Allocation for Next Frame
% Concatenation of MAP and DL Data Burst

* Beam-formed/SDMA Transmission in AAS Zone
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Al Interface Detaills

Signal Design for AAS M

Sounding |* Orthogonality: Cyclic Shift vs. Freq. Decimation
Symbol | * Golay Seq. for Low PAPR (5.1 ~ 6.3 dB)
* Originally Proposed for MIMO Operation

Category Specifications H| 11
AAS * Combination of DL Preamble Sequence
Preamble | * Random Freq. Shift / Orthogonal Cyclic Shift
* Orthogonal per-Beam Pilot for Tracking
Per-Beam | * Supported in AMC Permutation Only
Pilot - DL AMC (2 x 3) « UL AMC (2 x 3)
* Allocation Unit: 2 bin vs. DL sub-channel Type A/B

© SAMSUNG Electronics Co., Ltd.
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Pessible Frame Configuration

ACronyms

Tile Usage of Sub-Channel
: DL TUSC1 <> UL PUSC
DL TUSC2 < UL O-PUSC

pusc SS9 AMC (2 x 3) / TUSC (0)-PUSC AMC (2 x 3) / (0)-PUSC
“—> > —> < » ——><€C———> < '
TG
AAS-OLFP B355 AAS-DLFP | | B T
cCh AAS—DLFPm ASDLFP | | | | |
| . UL burst #1 I |
I DL burst #1 I I I
| I | I | I
& [ i o ; UL burst #2 | |
e} L = |

D fl Broad I e I DL burst #2 CZD I 0 I DR l— - I '®) I

Ie) I = ac I e o ___———- -
= - cast | S | = o - | 5 |

O b)

e Burst i a | 3 | a | IS I

& w | DL burst #3 ~ #4 2 | 2] Ulbust#3~#4 | &3
| < > I | |
I . | . | |

a [ I
< I I
= | DL burst #5 | : |
= | || UL burst #5 I |
|| |
AAS-DLFP AAS-OLFP | I
o .____.I__I _I =
Non—AAS AAS Zone Non—AAS AAS Zone
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AAS Systenm Operation
1

@ Signature Estimation
— TDD Channel Reciprocity

— Band-narrow Estimation (Bin/Tile)

@ Paired Operation
— Symmetric DL/UL BW Allocation
— Signature Estimation from UL Allocation

— DL Beam-forming based on Estimated Signature

@ Scheduling Operation
— Maximize Multi-user Diversity
— Monitor RF Condition & Decide BW Allocation Instants
— Required Feedback Signals: Sounding Symbol, CQI Information
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Implementation Issues

SDMA Scheduling

X/

¢ Scheduling Domain: Space, Time (Frame), Frequency (Band AMC)

s Trade-Off between Complexity vs. Throughout

X/

¢ Proprietary Rx./Tx. SDMA Beam-forming Algorithm

|

PA }
% Proprietary Calibration Scheme 4 TDD Xmitter (\} Filter
) TDD | ______ ] ~
% Compensate Relative RF Path Control | ———— =
Characteristic among Antennas M << 5 | )
TDD Receiver

© SAMSUNG Electronics Co., Ltd.
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WiBro MIMO Technology

@ MIMO System Design
@ Air Interface Detalls
@ MIMO System Operation
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MIMEO: System Design

Design Requireme ~

Tx. Matrix: Up to 4 for DL and 2 for UL

Data Channel Reliability Enhancement
Open-loop Transmit Diversity
Per-Antenna Pilot Signals

Per User Data Rate Enhancement
Spatial Multiplexing of Coded Symbol (Vertical Encoding)
Per-spatial Mode Rate Control (Horizontal Encoding)
Pre-coding with Index Feed-back or Channel Sounding
Multi-user MIMO Scheduling
Periodic Channel Sounding Signals
Wide-band TDD OFDMA System
Band-narrow Orthogonal Signal Design in Freq. Domain
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MIMEO: System Design

© SAMSUNG Electronics Co., Ltd.

# BS Antenna 2 Tx 3Tx 4 TX Comments
TD (A) V V Z/Alamouti with Spatial rate (Ns) = 1
(Alamouti) | (Beceem?’s) : .
antenna circulation)
Open- J v \ (double-Alamouti | Ns =2
|O(F)) Hybrid (B) (ETRI’S) (antenna w/ different second | Rate control possible
P circulation) | pairing) (multi-FEC or single-FEC)
Ns = Nt
SM (C) N N N Rate control possible
(multi-FEC or single-FEC)
Arr;tjnir:]a NS Z/AS for \ (AG for rate 1,2) | Grouping/Selection
Closed gelecfiong rate 1.2) \ (AS for rate 1,2,3) | index fed back
-loo ’
b General J J J Codebook based precoding
Precoding (or eigen beamforming)

=
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MIMEO: System Design

Uplink Specifications

# SS Antenna 2 Tx 2. Il Comments
single Tx
TD V : N/A
(Alamouti)

Open- :
loop 2 Tx: Rate control possible

SM N v Collaborative SM among 2 SS with

single Tx antenna

© SAMSUNG Electronics Co., Ltd.
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Al Interface Detaills

TD (Transmit Diversity) Hybrid (TD + SM) SM (Spatial Multiplexing)
TIF A B C

Siv1- 7 Siqq JT- 8+ 8,5 ) .

5 Tx [Sl _32] l [ Sitir Sies TSt S |
' L Ay T !

1’ N
g 0 5y =83 85 8 5
~ —t 3 Sl -

—_— - o - s

0 & o o PBlIST S S-Sy E

5 —& 0 0 § —&; & —& “1

* * * =

g, 8 o0 S & & —8& 54 ="

4 TX. -A(Mr_.;:, = ' . B(M_-i.j =™ e : S P

o 0 = -s& S, T8y S; T8 3
i 0 = & ] 5 & & & ] |54

. i For UL Only

N
~

» Simple ML Decoding; Constellation Rotation for Diversity

AT, . . . . . .
%> Constellation Rotation and Circulation for Diversity
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Al Interface Detaills

TD (Transmit Diversity) Hybrid (TD + SM)
T/F A B
Ant.
1’ 0 0| ... .
Ei _SE |:| .5'] —52 Sq —.S't:,
3TX. sy = |5 A 0 _—; 0|5, 5 S5 S5
&3 0 0 i 'S.T 53(51 —&y4
i 2] &2

s, =xe =5, +js,;0=tan"(/3) S =Sy, +[S30:5 =S5 + JSugq

X. : QAM Constellation Sy =S, + Jle’ =8, + 15,0
~ . L~ - fl f2 ~ ~ ~
& S5 =S5+ 1570156 =561 T IS5 T, S 0 S, S, 0 s,
S7 =571+ 185015 =355 T JISs0 T, —§2* 0 S =35 0 s
Ant O Ant 1 Ant 2

© SAMSUNG Electronics Co., Ltd. 47/30



Al Interface Detaills

e« MIMO Mid-amble

— DL Channel Estimation per Antenna

— Orthogonality by Freq. Decimation

— Up to 4 Transmit Antenna Support

— Optimized Sequences for PAPR Reduction

01 23 45
— -
Sub-carriar index
. Antanna-0 f_:l Antenna-1
. Antenna-2 {0 antenna-3
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Al Interface Detaills

« MIMO Pilot Pattern Example

— AMC and O-FUSC Permutation
— Same Pilot Overhead as SISO Case

— Pilot Shifting and Data Puncturing for 2/3 Tx. and 4 Tx.

Pilot for Ant 0

I

Puncurad pilat for Ant 1

Pilot for Ant 2

S===—"
S===—_

Punctured pilet for Ant 3

4 Tx. for AMC/O-FUSC
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Pessible Frame Configuration

(0)-PUSC AMC/OPUSC/PUSC

PUSC/
PUSC O-FUSC AMC/OFUSC/PUSC
«—> ——» «
TTG
FCH DL burst #2
TD
[l
<
= DL burst #3
2] = DL Hybrid
= @) burst | =
S #1 | E
= I DL burst #5
= [ DL burst u S
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< with ANT
= SM )
| selection
1
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MIVIO: Sy stem Operation

Ns

Nt

« Terminology

— Layers (L), (STC Coded) Streams (Mt), Antennas (Nt)
« Open loop (OL)
— Specified by Transmission Matrix: A (TD), B (Hybrid), or C (SM)
« Closed loop (CL)

— Implemented by precoding matrix W at the output of STC

— Precoding information fed back from SS using either fast feedback
channels (CQICH) or UL sounding channels

_ _ L=3 L=4
Layer = 1 (TD or VE only) L = 2 (HE only) (HE only) (HE only)
Mt=1 2 3 4 Mt =2 3 4 Mt=3 (4| Mt=4
A (TD) | A(TD)! | A(TD)!
Beam-
B (VE) | B (VE)!| B (VE)! B (HE)! | B (HE)!
foring | B(VE) | B(VE)! | B (VE) (HE)! | B (HE)
C(VE) | C(VE) | C(VE) | C(HE) C (HE) C (HE)

1) Applicability of the Antenna Grouping Technique.
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MIMO Sy stem Example

©
Data R |—p| FEC |—p»{ Modulation —» Sub-
C —> . | carrier IFFT
STC Precoding mapping
Q_J L Encoder M matrix N N\
Nep Matrix t t Suh
C (B, C) w ub-
—P> —>
Data R|1—p| FEC | —p»! Modulation —» carnt T
c mapping
BS
' Subcarrier Log
- De CRC
! % Demapping [ | Likelihood gt ot P check [P
] Ratios
NF ST Decoder L
. Log
' Subcarrier —_— De I CRC
FFT % Demapping > - L'kel'.hOOd P> coder check ’
Ratios
SS

Layers (L) =2, STC Coded Streams (Mt) = 2, Antennas (Nt) = 2, Nr = Nt
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MIVIO: Sy stem Operation

MIMO System Operat 1

@ Step 1. Capability Selection

— Transmission Matrix: A,B,C for 2 ~ 4 Tx.
— Feedback Capability: Precoding index, AG/AS, Channel Sounding

@ Step 2. Operation Mode Selection

— Operation Mode Selection within Capabllity
— Decision Factor: User Geometry (SNR), Antenna Correlation, Mobility

@ Step 3. Packet Scheduling
— Maximize Multi-user Diversity
— Monitor RF Condition & Decide BW Allocation Instants

— Required Feedback Signals: CQI, AG/AS Index, Precoding Index,
Channel Sounding
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Implementation Issues

ModerSelecHon

X/

% Open loop vs. Closed loop : Mobility
s STC vs. Multiplexing: User Geometry, Antenna Correlation

% Vertical vs. Horizontal Encoding: Decoding Capability, Feedback Info.

0

QG

% Multiple RF Path Design
s ST Decoder: MMSE, MMSE-SIC, ML Decoding
% CTC Codec: Peak Data Rate with Spatial Multiplexing

J
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