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Motivations Motivations for UEP, OFDM, and MIMO

Realizing UEP

o UEP: invokes the need for non-uniform error protection.
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Motivations Motivations for UEP, OFDM, and MIMO

Realizing UEP

o UEP: invokes the need for non-uniform error protection.

©~ OFDM: suitable for adapting individual subcarriers using different
data rates, code rates, and powers

o MIMO: has high multiplexing gain and allows for channel layering.

o UEP MIMO-OFDM: devotes an arbitrary number of bits to different
classes, eigenbeams, and subcarriers
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Why UEP ?

Equal Error Probability Unequal Error Probability

o Source encoders deliver data of different importance.
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Motivations Motivations for UEP, OFDM, and MIMO

Why UEP ?

Equal Error Probability Unequal Error Probability

o Source encoders deliver data of different importance.
<o Matching the channel variations to enhance performance & capacity.
o Different error sensitivities of different communication devices.
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Motivations for UEP, OFDM,

Motivations

UEP Schemes in MCM

UEP coding layer

and MIMO

Adapt coding scheme/rate (i.e., use
puncturing or pruning)

Importance levels

UEP Channel
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Motivations Motivations for UEP, OFDM, and MIMO

UEP Schemes in MCM

UEP physical layer
Adapt bit/power loading and physical
transport, e.g.: MIMO channel
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UEP: Bit-Loading Previous Work

Bit-Loading Algorithms

@ Optimum: add bits to the locations of minimum incremental power, e.g.:
Hughes-Hartogs and Campello

@ Sub-optimum: based on Shannon capacity (Chow et al.) or probability of error
minimization (Fischer-Huber and Yu-Willson)
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UEP: Bit-Loading Previous Work

Bit-Loading Algorithms

(Chow et al.)

Bit-Loading by Chow (BRMP):

SNR
by =log, <1+ v k)
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UEP: Bit-Loading Previous Work

Bit-Loading Algorithms

MIMO UEP Bit-Loading (BRMP):
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UEP: Bit-Loading Proposed Algorithm

UEP Bit-Loading and SNR-Sorting Algorithms

@ Compute b,((’)l using YV =y —j- Ay,
then adjust .2 iteratively unit
):k,ZbX} =TV or maximum iteration

SNR

M

Class, (m) Classo() [11]
Clasa(32) [T

robust-sorting: Classy(72)

Classy (711

intutive-sorting: Classy(yo
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UEP Bit-Loading and SNR-Sorting Algorithms

@ Compute b,((’)l using YV =y —j- Ay,
then adjust .# V) iteratively unit
Zk,zb@ =71V or maximum iteration
@ If By is not achieved, update j, and
recompute. If maximum iterations,
add/subtract bits according to Ab,(f)

SNR

My My M,
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UEP: Bit-Loading Proposed Algorithm

UEP Bit-Loading and SNR-Sorting Algorithms

@ Compute b(’) using YV =y —j- Ay,
then adjust (//!(1'> iteratively unit
Zk,zb@ =TV or maximum iteration
@ If By is not achieved, update j, and
recompute. If maximum iterations,
add/subtract bits according to Ab,(f)

@ The power is allocated according to
SER. If the target SER is not fulfilled,
reduce the total rate

SNR

robust-sorting: Class(7y k

)XY Classi (1) 7Z] Classooo) [1]
intutive-sorting: Classo(qp) £3 30 ass (4 . cmz m
R}
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MIMO-OFDM and Eigen Beamforming

@ Substantial improvement in
throughput

@ Effectively exploit multipath
@ Scalability and adaptation
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MIMO-OFDM and Eigen Beamforming

@ Substantial improvement in
throughput

@ Effectively exploit multipath
@ Scalability and adaptation

Main Problem!

CSl errors
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MIMO-OFDM and Eigen Beamforming

Eigen Channels Representation

Eigen Channels MIMO-OFDM bit-loading
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MIMO-OFDM and Eigen Beamforming

Channel side information feedback

feedback: Hy = Hy, — By,

spatial | R
b ) k adaptive [l I V- Y || v, | decoding|®) | outer |
coding unit i i and decodef
lequalization
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@ Channelmean: H=H-Z, @ Channel estimation error
@ Channel corelation: @ Quantization error

_ H
Ryug = E{H"H} @ errors included by the feedback
channel
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MIMO-OFDM and Eigen Beamforming

Channel side information feedback

feedback: Hy = Hy, — By,

spatial R
b b, i ~ S - i B
e coang ] e Y| cesonal o over
lequalization
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[- full-length beamforming (full-BF), when n = M
II- shorter-length beamforming (n-D BF), due to antenna correlation or CSI
errors
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MIMO-OFDM and Eigen Beamforming

System Analysis

CSl error: £, = H; — H;,
where E; ~ €4 (0,02)
the received vector:

Yk = HkaPl/ZXk + ny
Fy
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= UDViViP! 2Xg 41
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MIMO-OFDM and Eigen Beamforming

System Analysis

CSl error: £, = H; — H;, -
where Z; ~ .4 (0,02) ZF detection:
the received vector: W= {F*F}‘IFH
Yo = HVPX MMSE detection:
Fy
—_—~
— +y, pl/2 W = {F'F 4 oZI} 1F"
= UV, VP /X 41 N )
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MIMO-OFDM and Eigen Beamforming

System Analysis

CSl error: £, = H; — H;,
where E; ~ €4 (0,02)
the received vector:

Yk = HkaPl/ZXk + ny
Fy
= UDViViP! 2Xg 41
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— _
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Simulation Results UEP Adaptive MIMO-OFDM Results

Roubst and intuitive loading using 4D-BF @2 =0.25)

Robust and intuitive scheme @ aﬁ =0.25
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o 4 x4 MIMO-OFDM equivelent to a 512 SISO subcarriers
o 3classes, with AYY) =3 dB, TV) = 1024 bits, and max 8 bits/subcarriers
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Simulation Results

UEP Adaptive MIMO-OFDM Results

Different equalization using 62 =0.1):

El
-
°

K. Hassan (Jacobs University)

5| = =3 ©-0 with 20 eigen-beam

ZF & MMSE with channel mean feedback @ o2 = 0.1

perfect CSI

int-rob-ZF & MMSE

bk
Ak

S T ?c' = " int ZF ‘full elgen‘fbeam : . :
0 2 4 6 8 10 12 14 16 18
SNR [dB]

UEP MIMO-OFDM for Imperfect CSI

OFDM Workshop, Hamburg 07

17 /22



Simulation Results

UEP Adaptive MIMO-OFDM Results

mean CSl using 4D-BF @o2 =0.1
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MMSE with channel mean feedback for robust and intuitive scheme @ 03 =01
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Simulation Results UEP Adaptive MIMO-OFDM Results

Roubst and intuitive loading using different

beamforming techniques @oZ =0.25)

Full eigen—-beam vs 2D eigen—beam for robust and intuitive scheme @ o. = 0.25
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Simulation Results UEP Adaptive MIMO-OFDM Results

Highly correlated channels using 2D-BF @o2 =0.25)

MMSE for highly correlated antennas with 2D beamforming @ 02: =0.25
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Conclusions

Conclusions

@ We described an UEP bit-allocation
scheme for MIMO-OFDM

Channel
estimation

T/a?iai)_\e
detection
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Conclusions

Conclusions

@ We described an UEP bit-allocation
scheme for MIMO-OFDM

@ Exploit channel layering using SVD,

thereby realize UEP
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Conclusions

Conclusions

@ We described an UEP bit-allocation . Bitloading and Power loading using ntutive scheme
scheme for MIMO-OFDM R oo

@ Exploit channel layering using SVD, T
thereby realize UEP = o R L N 1 1%

@ Allows for arbitrary margins, error SER for cach class

probabilities, and bit-rates
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Conclusions

Conclusions

@ We described an UEP bit-allocation VIS i chnnelmen ecback o ot nd e s @7 <01
scheme for MIMO-OFDM g2 '

@ Exploit channel layering using SVD,
thereby realize UEP

@ Allows for arbitrary margins, error
probabilities, and bit-rates

@ Selected beamforming is a practical ,
solution for suppressing CSI errors. PREEE: ke

perfect CSI

o[ = 1=G == robustcst
0 2 4

8 10
SNR [dB]

Ongoing Research:

We are studying the effect of the channel
correlation feedback.
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Conclusions

Conclusions

Questions!
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