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Introduction 

 Modern wireless communication 

 Wireless LANs (stationary) 

 IEEE 802.11 a/b/g/n 

 Cellular networks (mobile) 

 GSM 

 UMTS 

 LTE 

 Cdma2000 

 Merging of stationary & mobile communication 

 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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Proprietary Platform 

SDR Platform 

P2012 Platform 
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SDR Platform 

P2012 Platform 

Proprietary Platform 

Platform programmability issues: 

 

 Portability 

 Software is portable onto different platforms 

 Standard.exe → Device_1, ..., Device_n 

 

 Loadability 

 Platform is capable of running different standards 

 Device ← Standard_1.exe, ..., Standard_n.exe 

 

 

Specific mobile platform issue: 

 

 Efficiency 

 Power consumption must be close to power consumption  

of dedicated device (battery operated!) 
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SDR Platform 

P2012 Platform 

Proprietary Platform 

Platform programmability issues: 

 

 Portability 

 Software is portable onto different platforms 

 Standard.exe → Device_1, ..., Device_n 

 

 Loadability 

 Platform is capable of running different standards 

 Device ← Standard_1.exe, ..., Standard_n.exe 

 

 

Specific mobile platform issue: 

 

 Efficiency 

 Power consumption must be close to power consumption  

of dedicated device (battery operated!) 

Contradicting Requirements ! 

Flexibility (programmability) vs. 

Energy Efficiency 
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• Critical, demanding, algorithmic kernel  

• Kernel is common among different waveforms 

• Not waveform nor hardware specific 
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 Outer Modem 

 Channel (De-)coding 

 (De-)Interleaving 

 Inner Modem (RX) 

 RX OFDM Processing 

 Channel Estimation 

 Spatial Equalizing: Mitigate channel impact on payload 

 Soft Demapping: Calculate soft bits (LLRs) 

BPSK, 4QAM, 16QAM, 64QAM 

OFDM Slot 

IEEE 802.11n 
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 Analyze different algorithmic choices within RX blocks 

 Identify computational kernels 

 Recurring tasks 

 Operate on data with certain alignment 

 Build application as composition of kernels 
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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 

 Interface for hardware accelerators (ASICs) 
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 For 2x2 and 4x4 MIMO use case 

 Cycles for execution on  

single STxP70 processor 

core including VECx unit 

 Corresponding time for 

600MHz clock frequency 

 

 

 

 

 

 

 In the range of … 

 Competing solutions 

 IEEE 802.11n real time 

(4μs per OFDM slot) 



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 
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Mapping on a TI-based SDR platform 

 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 

 L2D cache: 2048kByte 
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Mapping on a TI-based SDR platform 

 Texas Instuments TMS320C6474 

 Multicore DSP comprising 3xC6457 

 Features 

 Inter-core signaling via memory mapped 

communication registers 

 Inter-core data exchange via unified 

L2 memory map 

 

 Silicon Specs 

 Clock frequency: 1GHz, 1.2GHz 

 L1D cache: 32kByte 

 L2D cache: 3075kByte 

 

 Evaluation board available 

 TMDSEVM6474L with live onboard debugging capabilities 
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Component Cycles Time (us) @850MHz 

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 Demapping 16QAM (per OFDM sym.) 618 0.727 

Soft Demapping 64QAM (per OFDM sym.) 1,062 1.249 

Sum 3,484 4.099 

Close to real time  

requirements (4µs) 

already with 1 core 

(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 
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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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 Frame code (written in plain C) remains the same 

 Flavors are replaced by platform specific version 
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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 

 

 Outlook 

 Implement concept on custom in-house platforms 

 Investigate advanced MIMO detection algorithms 
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Thank you! 
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