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Introduction of GPU - structure of GPU

t+2 t+1 t
. In various kinds of the
communication systems, the signal %
processing operation speed is the 5
key issue. 8
a
. Propose a new scheme of the < Conventional DSP Structure >
Graphics Processing Unit (GPU) for
iImplementing the communication Data Elements
systems. S t
/
. GPU has a great number of ALU
than Conventional DSP .
. Parallel computing power of GPU
can accelerate the speed of signal
processing which is needed in SDR. < GPU Structure >
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Instruction of GPU — Advantage of GPU programming

. FPGA suffers from relatively high price and extremely complicated procedures
for development and debugging.

Development Process of FPGA

Floating-to-

Algorithm Fixed-Point | Parallelization Functional Timing

Development Debugaing Debugging

Conversion

Development Process of GPU

Algorithm

Development Parallelization Debugging
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Instruction of GPU — structure of gPU

. Graphics Processing Unit ( GPU )
. Single Instruction Multiple Data( SIMD )
. The GPU is massivel rallel pr r
e GPU is massively parallel processo INSTRUCTION
. Kernel
- A function compiled for Device
DATA DATA
ﬂ Computation grid DATA DATA
Block Block Block
(0,1) 1,1) (2,1)
DATA DATA
Block Block Block
(0,0) (1,0) (2,0)
Block
(1,0)
KER R R Sl LU
oa  us  @a  @a
SIMD processor architecture
Ton 4y en ew
o @o  @o @0

Structure of CUDA Memory
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Introduction of GPU — cpuvs bsp vs FPGA

* FPGA : high performance
but low flexibility.

= DSP : high flexibility
and low
perf

9JueWJI0lIad

* GPU has all
advantages of DSP
and FPGA.

ance.

Flexibility
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Proposed System — 2x2 smmiMo wiMAX system

Block diagram of 2x2 SM MIMO WiMAX system

The parallelization of signal processing algorithms
appropriately for the SIMD architecture

- To use GPU and CPU resources effectively
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PrOpOSEd SyStem — Encoder Implementation

. Permutation component as an example of parallel technique

Permutation is a procedure of re-ordering the clusters consisting of 14
neighboring sub-carriers using the predetermined permutation table.

source memory thread Destination memory
thread #0 Clust
Cluster 0 >| Address=permtb0 i% er
(threadﬁID)
Cluster 1 thread #1 Cluster
[ —>| Address=permtb1 #1
(thread ID) Cluster
Cluster 2 ~\> : 42
1
E Copy to flestination memorny addfess E
thread #M
Cluster
Cluster M >| Address=permtbM N HM
(threadEID)

Block diagram for permutation
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PrOposed SyStem — Decoder Implementation

ime

l

. Channel Estimation component as an
example of parallel technique

Frequency

OB GNP Q@ G R GO

. 4 pilot bits at each cluster are used for
channel estimation associated with the
surrounding data subcarriers.

2D linear interpolation

- consisting of 2 steps

@ pilot
Q . data
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PrOpOSEd SyStem — Decoder Implementation

. Need 2 pilots for interpolation, which means we used 2 clusters for the
channel estimation.

. The first step
- A linear channel estimation is performed along the time axis.
- The time needed for estimating for just 4 symbols only.
. The second step
- Using the channel estimation obtained along the time axis, we perform
the channel estimation along the frequency axis for the linear
interpolation of data subcatrriers.

. Equivalent to the time needed for estimating for just 7 symbols only,
regardless of the number of clusters.
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PrOposed SyStem — Implemented System

CPU:
Streaming
Server

RF RF
Transceiver Transceiver

Terminal Computer Base-station Computer

e GPU - Geforce GTX 260 provided by NVIDIA
e CPU - Intel(R) Core(TM) i5 750 2.67GHz
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Performance Analysis — system parameter

. System Parameter

Modulation 16QAM
FFT Size 1024 points
Coding Rate 1/2
Channel Fading Channel
Chann_el 2D Linear Interpolation
Estimation
Frame 5Mms
Duration
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PrOposed SyStem — Implemented System
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Performance Analysis — computation Time

Profiler provided by NVIDIA
« Computation time of GPU is 3-14 times less than DSP

- Due to the difference in parallelization performance at each component.

LLR 2x218QAM
Viterbl Decoder
De-Permutation

Channel Estimation
FFT
Zaro Forclng

IEET = DSP{TI TMS320C58416) s GPLI(NVIDIA GTX250)

Convelutional coding

0 2 4 8 8 10 12

Comparison of computation time: GPU vs DSP
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Performance Analysis — computation Time

« Specifications of WIMAX : 1 frame =5ms
« Enough for the real time processing.

_ GPU Processing time | DSP Processing time

Downlink 754.976 us 6019.89 us
Uplink 2499.388 us 20148.2 ps
Total time 3.254 ms 26.136 ms

Processing time for 1 frame: GPU vs DSP
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Conclusion

e GPU can be a solution
because of its powerful
computation capacity

Mobile
WiIMAX

e Also with the GPU, wireless
communication systems can
be implemented effectively
for SDR.

« GPU can operate all
waveform effectively.
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