Analysisof STFBC-OFDM for BWA in SUI channel

|EEE 802.16 Presentation Submission Template (Rev. 8.21)

Document Number: IEEE C802.16aP-01/18
[The appropriate coordinator, normally the Task Group Chair, will fill in this number after obtaining it from the 802.16 Chair. The document
number will match that of the base contribution, with “p” replacing “c”’. For example: IEEE 802.16.Xp-01/NN].

Date Submitted: 2002-01-22
[The date the document is contributed, in the format 2002-01-22.]

Source:
Panyuh Joo, DaeEop Kang Voice: +82-31-279-5096
Fax: +82-16-9530-5096
Samsung Electronics E-malil: panyuh@samsung.com
Information & Telecommunication davekang@samsung.com

R&D center 416, M aetan 3dong,
Paldal- Gu, Suwon-si, Gyeonggi-do,
Korea 442-742
Venue: 802.16a meeting, Jan 21-25, 2002,Levi ,Finland Base Document: IEEE C802.16a-01/18

Purpose: This presentation presents the concept & results for the proposed new diversity scheme feature.

Notice:
This document has been prepared to assist |EEE 802.16. It is offered as abasis for discussion and is not binding on the contributing individual (s) or organization(s). The material in this
document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.

Release:
The contributor grants a free, irrevocable license to the |EEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an |IEEE Standards
publication; to copyright in the IEEE’ s name any | EEE Standards publication even though it may include portions of this contribution; and at the IEEE’ s sole discretion to permit othersto
reproduce in whole or in part the resulting | EEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by |EEE 802.16.

|EEE 802.16 Patent Policy:
The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures (Version 1.0) < >, including the statement “ |EEE standards may
include the known use of patent(s), including patent applications, if there istechnical justification in the opinion of the standards-devel oping committee and provided the | EEE receives
assurance from the patent holder that it will license applicants under reasonable terms and conditions for the purpose of implementing the standard.”

Early disclosure to the Working Group of patent information that might be relevant to the standard is essential to reduce the possibility for delaysin the devel opment process and increase the
likelihood that the draft publication will be approved for publication. Please notify the Chair < > as early aspossible, in written or electronic form, of any paents
(granted or under application) that may cover technology that is under consideration by or has been approved by |EEE 802.16. The Chair will disclose this notification via the |IEEE 802.16
web site < >,



Anaysis of STFBC-OFDM for BWA 1n SUI
Channel

PanYuh Joo
Samsung Electronics



Objective

|dea

Efficient utilized methods
of frequency diversity
in OFDM system

ﬁ:’roblem of STBC-OFDM ﬁAdvantage of STFBC-OFDM
L imitation in Performance « enhancement in BER
«Complexity increase | ( using Frequency Diversity)
as Number of Antenna increase e simple structure
*Transmission rate decrease (do not increase number of antennas)
as Number of Antennaincrease  Range enhancement

(dueto Eb/NO enhancement)

STBC: gspacetimeblock code

STFBC: spacetime frequency block code
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History of MIMO techniques

o Space-Time Trellis Code (STTC)

— Guey et al. (1996) and Tarokh et al. (1998) independently
derived design criteriafor STTC

e Alamouti scheme with 2 Tx and Nr Rx antennas

— Alamouti (1998) proposed a novel scheme to orthogonalize the
channel with a very ssmple decoder

o Space-Time Block Code (STBC)

— Tarokh et al. (1999) generalized Alamouti  scheme with an
orthogonal block coding structure

4/30



Space-Time Block Coding

« Some STBC Examples for Multiple Transmit Antennas

* |nthe case of using more than three transmission antennas, smultaneoudy satisfy code orthogonality and
transmission rate of STBC as 1, do not exists (Proved by V. Tarokh)

Num. of
Hum.- o Space-Time Block Code BW
TX. Ant.
_</\ﬂ . (2' 2) Matrix
2 iTSC /\ﬂ : 2 symbol transmission in 2T 1
oder _< (Proposed by Alamouti)
_</\>' . (8' 3) Matrix
3 STBC _</\’ : 4 symbol transmission in8T_ | 1/2
Coder _</\>' (Proposed by Tarokh)
/
STBC /AA . (8' 4) Matrix
4 ; % : 4 symbol transmissionin 8T | 1/2
Lol | oM (Proposed by Tarokh)
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Space-Time and Frequency Block
Coding - OFDM - |

e Motivation

—Request More reliable system in next generation comm. system

* Request of higher Diversity Gain = should increase the number of

antennas
—Diversity Gain of STBC Depends on number of Tx antennas

* Toimprovein performance should increase number of tr antenna

o Of number of antennaincrease HW load seriously increases.

» Especialy, In the case of STBC-OFDM compare to single carrier system,
operational complexity increases depends on sub-carrier number. =
oper ational complexity qgreatly increases
In OFDM, an STBC-OFDM system that have more than 3 tx antennas is not
easy in implementation.

—The STBC using more than 3 tx antennastransmission rate decreases.
OFDM can obtain frequency diversity in smple method.
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Space-Time and Frequency Block
Coding - OFDM - |l

. Design consider ation ™

— Maximum Frequency Diversity Gain
o #of Tx antenna # of rx antenna frequency gain
— Simple Structure

» Should not increase number of transmission antenna.

» To earn frequency Diversity Gain in Decoding process it should be
Incorporate with Linear Processing

— compatibility with STBC-OFDM system

/

e« Minimize complexity increase
« Maximize Diversity Gain
- Space-Time and Frequency Block Coding Technique
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Space-Time and Frequency Block
Coding Wideband OFDM - |lI

_ Signal 1
« STFBC Transmitter o
Y
X, )
Space-Time
_ T > Block Coder
s=[s(0) - s(N-1)] Frequency o xul I
N Coder X, X J—e’y lu
'_» e 2 11U
><2 \I\A
Space-Time Signal 2
X,_is replica symbol of X, and Freguency
Block Coder

Frequency Coder : Frequency diversity enabling part in STBC-OFDM system
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Space-Time and Frequency Block
Coding Wideband OFDM - |V

» STFBC Recelver

T

ML Decision

u
A 2R .
\15 &N

>e|=is

1
Space-Time Block Decoder
(Linear Combiner) > Frequency
= 1 H Decoder
r = r_H r ;
] r
H
Channel State Space-Time
| nfor mation and Frequency

Block Decoder
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Channel state Information
Needs only small amount
Of data



Channel Covariance Matrix(CCM)

Channel impulse response of L multi-path frequency selective fading can

L-1
be modeled as L-Tap FIR filter as, g(t)= é h(ild(t-t,)

L-1

Than H(k)=3 h(i)g PN 0EKEN-1

i=0

o = E[H(K)H " (k+ Dk] gls e

. DKL &
IO L- 1 Snéﬁ)Tg
é eijDkl/N =_ e ﬂerLk(L-l)/N (1)
L =0 nngkg
Channel covariance matrix is .. e N g
é o Iy rN-ll;I
e u
~ T r cee p
C,=EHH"]=8 "+ 0 N-2() .
" e ! ' Y 1Mok =0
2] U —
gh v Tone2z 0 To (g 2 ‘r-Dk‘_‘er‘

3

H=[HOH@-H(N- 1] Is defined Mo =1 e

CCM has Cyclic Shift property
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To maximize the frequency diversity

select optimum sub-carrier position
*Letr,,,=0,in Eg. (1), than

°=0 (2)

e N g
e Dk, IS function of the distance of 2 sub-carriers.

o ang

e Dk, =m—|1\| IS general solution.

. ££ £L- ﬁ m, N & L all positive integer
. 1£ mEL-1 (3)

 The optimum sub-carrier position in one of m.

 Find minimum channd covariance in m sub-carrier
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Maximum frequency diversity
achievable OFDM system structure

o 3 things shall be considered in the FD system.
—Maximize diversity gain
—Distance between all sub-carrier shall be maintained.
—Robust property of channel correlation between sub-carrier.

* The maximum separation of sub-carrier isN/2. And in
general, the optimumox=a=£rae- Moo =T o

» According to channél covariance matrix property 3 the
correlation vector is cyclically rotate to each other. So the
maximum separable sub-carrier spacing K’ Is

« k’=(k+d) mod N
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Optimum Position of Sub-carrier of
Symbol X,

1 T T . . . T .
| *Put the 0" sub-carrier of
09 H | |5 Fl ]
i _ the replica symbol here!!
Put replica symbol of X, I ' N . -
~ |||l *Frequency Diversity Maximized

=l
oo
T

~
T

(a7
T

Amplitude of Correlation
e T e Y o o O
= [y |

gl hmﬂmmﬁ”[wﬁ { HHM‘ |

Subcarrier Index
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MIMO system performance

For the quasi-static flat fading channel with Nt transmit
and Nr receive antennas, the pairwise error probability

IS
Es | LN, = t - N,
4N, =1
where L£N, Is the number of nonzero Hamming
distances per branch d}, (c,e)
diversity gain: slope of BER curve

coding gain: horizontal shift of BER curve

P(c® e) £ (

15/30



Symbol (frequency) Interleaving

Original

Interleaved

a0

—pO O ——pO O

Interleaved | O
Cyclic Shifte of X,

O

oF—»> O —»+— 0O

Rf——0 0o —nv o
DN R R W O

or—O —rpr O

Of—u1 O mu1 O

R0 O M0 O

R N0
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Cyclic shift of symbol

> > Do not effect

Coding & Interleaving Gain




Analysis in SUI channel model

 In L path frequency selective fading,
—Assumed Uniform delay spread

e But, It is different in SUI model
—Ricean
—Delay spread is Not uniform

 Two model is analysed

—SUI 1terrain Type C
—SUI 3terrain Type B
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SUIl channel model
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CCM is Still Cyclic Shift in SUI model

1.1 : : : : : Channel Covariance Matrix
—— Oth Subcarrier . . el
- --. 10th Subcarrier Still Cyclic Shifting
1 200th Subcarrier Not in amplitude
But also in Delay.

.
"

= .y

Amplitude of Correlation

O . 4 I I I I I
0 50 100 150 200 250

Subcarrier Index



Performance Evaluation |

e Channel Order : 10

e Compares,
* STBC 3x1,16QAM
* STBC 4x1,16QAM
e STFBC 2x1,16QAM
 Independent Rayleigh Fading Channel

e Perfect Channel & Order Information
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Performance Result |

* In uniform delay spread Rayleigh Fading
e Simulation environments

STBC vs. STFBC

L i O STBO (T, IR Atomas) | _

I | S o —4 tx antenna using

" g mm—— STBC and 2 tx antenna
2 255553‘-- < o using STFBC shows
%1“' g same performance
b — Compare to 3 tx antenna
E o using STBC in 104SER
bl ) shows approx. 2.5dB

SNR gain
10°h gy e
10 15 20 25 a0

SHR [46)]



Performance Evaluation |l

—Channel Order : 10

—Independent Rayleigh Fading Channel
—Pefect Channel & Order Information
—To match the Spectrum Efficiency

—Compares, 2bits/sub-carrier
 QPSK (STBC) : 2 tx antennas & 1 rx antenna
* 16QAM (STFBC) : 2 txantennas & 1 rx antenna
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Performance Result Il
* In uniform delay spread Rayleign Fading

e Simulation environments

—In10”°
2 2 T Antennas & 1 Rx Antenna In BER m-Ore than 5dB
performance improvements.

......................................
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Performance Evaluation Il

SUI 1

—2bits/sub-carrier
 QPSK (STBC) with 2 antenna
* 16QAM (STFBC) with 2 antenna

—Ricean Fading Channel
e Perfect Channel & Order Information

24/30



Performance Result Il

 Simulation environments SUI 1
— STEBC in 10 BER shows approx. 4.5dB_Eb/NO gain

2Tx, 1Rx Antennas in SUI-1 Channel {2bitfSsubcartiar)

=v= STBC-OFDM (QPSK)

HH : : ; & STFRC-OFDM {16-QAM)

BER {Bit Emer Rate}

ER/NO [dE)
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Performance Evaluation 1V

SUI 3

—2bits/sub-carrier
 QPSK (STBC) with 2 antenna
* 16QAM (STFBC) with 2 antenna

—Ricean Fading Channel
e Perfect Channel & Order Information
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Performance Result IV

e Simulation environments SUI 3
— STEBC in 10"° BER shows approx. 5dB_ Eb/NO gain

107 ¢

BER (Bit Error Rate)

2Tx, 1Rx Antennas in SU3 Channel (2bit/subcarrier)
—— STRC-OFDM (QPSK)

o | =&~ STFBC-OFDM (16-QAM) |]

7 1 1 1
) 10 15 20 25 20
Eb/m0 [d8]
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Normalized Instantaneous Channel Power

Comparison of diversity Gain

2. T T T [ [
° *Blue : OFDM only
= OFDM

= = STBC-OFDM Red : STC-OFDM
> TFBC-OFDM ) *Black : STFC-OFDM

100 150 200 250
Subcarrier Index

28/30



Closing Comment

 Space-Time Block Coding (STBCQC)

— Simple structure and Full space diversity gain
— But there are many problem when using more than 3 antennas in OFDM system

(HW and operational complexity, decrease in tx rate)
e Space-Time and Frequency Block Coding (STFBC)

— Overcome the problem of STBC-OFDM
— A scheme, Not only Maximize Space Diversity but also frequency Diversity gain
— Using frequency diversity so that increasing the number of tx antennais not

required.
— Compatible to existing STBC-OFDM
e Tx diversity scheme for OFDM system is desirable to
use the STEBC is strongly requested.
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