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Introduction

" Modern wireless communication
" Wireless LANSs (stationary) /@ wﬁ
" |[EEE 802.11 a/b/g/n - E
" Cellular networks (mobile) G S Em;

u G S M GLOBAL SYSTEM FOR
MOBILE COMMUNICATIONS
" UMTS

A

" LTE
" Cdma2000 < @ >
= Merging of stationary & mobile communication
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" You expect your ...
... Smartphone to also support wireless LAN
... laptop to also support cellular networks
= Need for a flexible, programmable platform
" Software Defined Radio
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Introduction

qu_'gi Platform programmability issues:
-
[ concrter

Recaive

| = portability

Contradicting Requirements !

Flexibility (programmability) vs.
Energy Efficiency

Specific mobile platform issue:

" Efficiency

Power consumption must be close to power consumption
of dedicated device (battery operated!)

AMce :




" |ntroduction
Q Nucleus Methodology
® Case Study : MIMO OFDM Transceiver
= Application analysis - Nuclei identification
" Mapping on a ST P2012 platform
" Mapping on a Tl-based SDR platform

= Rapid Platform Migration

= Summary & Outlook

A
[ICC 7 R LN



Nucleus Methodology

Transceiver Description
Transceiver » N1
Description T, N 2
e o
Nuclel N 1

-

Nucleus
« Critical, demanding, algorithmic kernel

» Kernel is common among different waveforms
* Not waveform nor hardware specific
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Nucleus Methodology
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Nucleus Methodology

Transceiver Description
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Case Study: MIMO OFDM Transceiver

| TXoFDM Y Y RXOFDM | .o ||  Sof
e N “| Processin Processin . Demapper e N
e T e
] ol T X szczzs::gl i ¥
Source Sink
L Outer Modem, TX ) Channel j L Outer Modem, RX )
Estimation
Inner_ll_\;l(odem L Inner Modem, RX )
OFDM |[EEE 802.11n
" OUter MOdem /Em Preamble Data Payload ‘\
" Channel (De-)coding P P|/P|[P|[D|D|D|D]| .-
" (De-)Interleaving A T
" [nner Modem (RX) PIPIPIPIDIDIDID |-
* RX OFDM Processing @ oM sio )
Ms

" Channel Estimation
" Spatial Equalizing: Mitigate channel impact on payload

= Soft Demapping: Calculate soft bits (LLRS)
BPSK, 4QAM, 16QAM, 64QAM
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Case Study: MIMO OFDM Transceiver

RX Spatial OFDM Soft Channel
components Equalizer Processing Demapper Estim|ation
Linear Non-Linear Least
Equalizer Equalizer Squares ke
I
I |
Algorithms ZF MMSE
ZF MMSE
DMI QRD DMI QRD sic sIC

Computational
Qernel@ QernelD kernel 2 kernel 3 kerneID Qernela Qernel@ """"""
Kernels

" Analyze different algorithmic choices within RX blocks
" |dentify computational kernels
® Recurring tasks
® Operate on data with certain alignment
" Build application as composition of kernels
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Case Study: MIMO OFDM Transceiver

Channel
Estimation mat-mat add
MMSE
e %

77 matmatm)
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" Application variants consist of a few kernels only!
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Mapping on a ST P2012 platform

= MPSoC platform with maximum of 32 clusters
= One cluster provides
" Max. 16 RISC cores (STxP70) @ 600MHz
" VECX vector extension (SIMD)
" 128 bit vector registers
" 8x16 bit or 4x32 bit operations
" Hardware synchronizer for inter-core signaling
" |nterface for hardware accelerators (ASICS)

P2012 Shared T
Platform — 7 Program Memory =
s} I (2]
8 & e
: : cp DMA | |2 Elleeo|[PEr] lPEn-]— &
Fabric ! Sub- Sub- g - 3
Controller : system system | | 5 5 I 2.
) (@) = Shared (0]

|| = Data Memory

Cluster Controller ENCore
| Local Interconnect |
I I ] Many-Core
: : - 3| [nwPE| [HwPE] HWPE Computing Cluster
Qe O e o | 1 9 Ko
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Mapping on a ST P2012 platform

System 2x2 4x4
Operation cycles time | cycles time
(pes) (jr5) \
Matrix/Vector Operations = For 2x2 and 4x4 MIMO use case
1 mat-mat add 13 | 0.022 23 | 0.038
2 | mat hermitian 26 | 0.043 90 | 0.150 " Cycles for execution on
4 mat-vec mul 44 | 0.073 70 | 0.117 . . .
5 | mat-mat mul 102 | 0.170 | 301 | 0502\ core including VECx unit
6 mat-rmat mul 74 | 0.123 205 (0.342 [ | Correspondlng tlme for
7 mat-tmat mul 52 | 0.087 239 | 0.398
8 | mat-mat mul 8vm22 218 | 0363 | 503 | 0.838 600MHz clock frequency /
0 | mat inv 385 | 0.642 1,328 | 2.213 1
10 | tri mat inv 43 | 0.072 278 | 0.463
11 | reg-mgs-grd 447 | 0.745 991 | 1.652
12 | reg-mgs-ds-grd 703 | 1.172 1.368 | 2.280
13 | back subst. 054 | 1.590 | 2,106 | 3.510
14 | back subst. slicing 1,170 | 1.950 | 2,538 | 4.230 " |n the range of ...
OFDM slot wise operations _ -

15 | bpsk soft demap 329 | 0.548 658 | 1.097 " Competing solutions
16 | 4qam soft demap 658 | 1.097 1.316 | 2.193 .
17 | 16gam soft demap 857 | 1428 | 1705 | 2.842 " IEEE 802.11n real time
18 | 64qam soft demap 1550 | 1.428 | 3.117 | 5.195 (4ps per OFDM slot)
19 | 64qam soft demap appr 1.134 | 1.890 | 2,268 | 3.780
20 | fft 1,774 | 2.957 | 3,548 | 5.913
21 fft mem realign 2.052 | 3.420 4084 | 6.838
22 | ifft 2,028 | 3.380 | 4,056 | 6.760
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Mapping on a ST P2012 platform

® Final mapping includes parallelism on task level
" Partitioning of components into processing groups
" Number of cores per group
" 8 cores enable real time

PG 2
b b PP&EQ
casr:'Jiers _]% cas;:iers 4 PES
—— PG 3
. 5 Demapping
M02d LFj)Iégon E(;Qr?lr;rt]iiln Prepl\:lcllc\:/leossing <: 2 PES
T2 v?
1 subc.
------ —
FFT FFT| -~ sub
strz;(ms ...... 14 carriers [ EQ ][ EQ ] inl tRX <-—
—> — = 7 LEa J[ EQ J- [ ™
: : -~ : : L
OFDM slots i ° ' '
OFDM Demodulation OFDM slots OFDM slots
Spatial Equalizing Soft Demapping
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Mapping on a Tl-based SDR platform

B Texas Instuments TMS320C6457

" Common Texas Instruments DSP
" Features
" Very Long Instruction Word (VLIW)
" Application specific extensions
" VCP2: Viterbi Channel Decoding
" TCP2: Turbo Channel Decoding
® Signal processing instructions
" Complex multiplication
" Dot product
" Parallel addition/subtraction
= Silicon Specs
" Clock frequency 850MHz, 1GHz, 1.2GHz
" L1D cache: 32kByte
AT " 2D cache: 2048kByte
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Mapping on a Tl-based SDR platform

B Texas Instuments TMS320C6474
= Multicore DSP comprising 3xC6457
® Features

" |nter-core signaling via memory mapped
communication registers

" |nter-core data exchange via unified
L2 memory map

= Silicon Specs
" Clock frequency: 1GHz, 1.2GHz
" L1D cache: 32kByte
" 2D cache: 3075kByte

= Evaluation board available
" TMDSEVM6474L with live onboard debugging capabilities
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Mapping on a Tl-based SDR platform (C64xp, 2x2 MIMO)

Tine (us) @8S0MH:

Preprocessing Steps

OFDM Demodulation 1,296 1.525
Subcarrier Demapping 1,220 1.435
CP remove 360 0.424
Channel Estimation (MIMO, LS) 3,272 3.849
Detection Preproc. (MIMO 2x2, MMSE, DS) 39,499 46.469
Sum 45,647 53.702

Detection Steps

OFDM Demodulation 648 0.762
Subcarrier Demapping 610 0.718
CP remove 180 0.212
Equalizing - MIMO 984 1.158
Soft Demapping 4QAM (per OFDM sym.) 364 0.428 _
Soft D ing 16QAM (per OFDM ) 618 0.727 Close o ieel Tline
oft Demappin er sym. : .
AL i 4 requirements (4us)
Soft Demapping 64QAM (per OFDM sym.) 1,062 1.249 already with 1 core
sum 3,484 4.099 > (of 3 available cores)
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Rapid Platform Migration

= Migration of communication application to different
platforms

= Civil platforms
" Smartphone
" Laptop
" Base Station

= Military platforms
" Handheld
" Manpack
" Vehicular

= Different processor cores
= Different energy constraints

A= HEN
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Rapid Platform Migration

= Rapid Migration Enablers
" Platforms programmable in C
" Platform specific C extensions to use special capabilities

= Rapid Migration Strategy

" Represent generic structure of communications applications
C control structures (loops, jumps)

® Generic structure is platform independent
" Implement algorithmic kernels for target platforms
= Kernels are platform specific

= Rapid Migration Implementation
" Embed platform specific kernels into generic frame code
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Rapid Platform Migration

®" Frame code (written in plain C) remains the same
= Flavors are replaced by platform specific version

([ Board Support 1
Package -
Platform 1

Flavor 1

Flavor 2 Frame Code

Flavor 3 Nucleus 1

—

\IDDI

Flavor 4
11—
\ | &
) \
Board Support
package ||| -
Platform 2 L )
Flavor 1 select
Flavor 2 target
platform

Flavor 3

Flavor 4
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Summary & Outlook

" Summary

" Nucleus methodology as a systematic design approach
for flexible and efficient transceiver design

" Nucleus methodology successfully applied
to a MIMO OFDM Transceiver with mapping
on different Multi-Processor System-on-Chip platforms

" Generic approach enables rapid platform migration

= Qutlook
" Implement concept on custom in-house platforms
" |nvestigate advanced MIMO detection algorithms
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