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I. INTRODUCTION

The emerging digital communication standards must allow the access to very high throughputs with low energy consumption. Among the different components of a communication system, channel decoder is probably the most demanding in terms of computation, communication and memory. To improve their quality and efficiency, error correcting codes are now specified with a wide variety of options, resulting in a growing need for flexible hardware solutions (Table 1). This need for flexibility is even more emphasized with the introduction of new applications for opportunistic radio and cognitive radio which require a quasi-simultaneous decoding of multiple streams of data. However, optimal solutions in terms of performance, area and power consumption are yet to be invented: a "blind" approach towards flexibility leads to losses in these criteria, unacceptable for most applications.

Thus, the originality of this work is related to unifying flexibility-oriented and optimization-oriented approaches. The main goal is to de deliver basic enablers and hardware building blocks in order to derive, for specific application needs, the best balance between a highly flexible solution and a specifically optimized one.

To reach the desired optimal tradeoff between flexibility and performance, we propose a multiprocessor architecture model integrating networks-on-chip and computation units based on the new concept of ASIP (Application Specific Instruction-set Processor). The results on the association of optimality in terms of energy consumption and area via an ideal sharing of hardware resources are obtained through a pragmatic approach that considers advanced optimization techniques on all levels: algorithm, architecture, and target technology (Figure 1).

The main result of this work is the proposal and the design of an innovative architecture for universal channel decoder which achieves high-throughput, energy-efficiency and modularity with mastered complexity. The proposed channel decoder has been validated on an FPGA demonstrator supporting LDPC and Turbo decoding techniques and their specified parameters in the standards WiFi/WiMax/LTE/DVB-RCS.

II. MULTI-ASIP DECODER ARCHITECTURE

The proposed ASIP was modeled in LISA language using CoWare's processor designer. Table 2 compares the obtained results with other related works. The achieved throughput is comparable to [START_REF] Alles | FlexiChaP: A reconfigurable ASIP for convolutional, turbo, and LDPC code decoding[END_REF] in LDPC WiFi mode while the proposed architecture achieves 2 times more throughput in LDPC WiMax mode. In SBTC mode, the throughput is more than 8 times that achieved by [START_REF] Alles | FlexiChaP: A reconfigurable ASIP for convolutional, turbo, and LDPC code decoding[END_REF] at the cost of ~2 times the occupied area. [START_REF] Gentile | A Multi-Standard Flexible Turbo/LDPC Decoder via ASIC Design[END_REF] occupies 20% more area compared to our proposed architecture and does not achieve the throughput requirement of LTE. On the other hand, [START_REF] Sun | A Flexible LDPC/Turbo Decoder Architecture[END_REF] achieves higher throughput in LDPC and SBTC modes at the cost of 7.75% more area and does not support DBTC. 

Figure 1 .

 1 Figure 1. FPGA demonstrator of the proposed flexible Multi-ASIP Turbo/LDPC decoder

  meet flexibility and performance constraints of current and future digital communication applications, multiple ASIPs combined with dedicated communication and memory architectures are required. In this work we consider the design of an innovative universal channel decoder architecture model by unifying flexibility-oriented and optimization-oriented approaches. Towards this objective, we have designed a flexible and scalable multiprocessor platform based on a novel ASIP architecture for high throughput turbo/LDPC decoding. The proposed platform supports turbo and LDPC codes of most emerging wireless communication standards (WiFi, WiMax, LTE, and DVB-RCS). Energy-aware optimisation techniques have been also proposed and implemented. Finally, a fully functional FPGA demonstrator is available and the proposed Multi-ASIP architecture has been successfully integrated into a new generation telecom chip.

Table 1 .

 1 Selection of standards and channel codes (CC: Convolutional Code, SBTC: Single-Binary Turbo Code, DBTC: Duo-Binary Turbo Code, LDPC: Low-Density Parity-Check code)

	Standard	Codes	Rates	# States	Block size	Channel Throughput
	IEEE-802.11 (WiFi)	CC CC LDPC	1/2 -3/4 2/3 1/2 -5/6	64 256 -	≤ 4095 -≤ 1944	≤ 54 Mbps -≤ 450 Mbps
	IEEE-802.16 (WiMax)	CC DBTC LDPC	1/2 -7/8 1/3 -5/6 1/2 -3/4	64 8 -	≤ 2040 ≤ 4800 ≤ 2304	-≤ 75 Mbps ≤ 75 Mbps
	DVB-RCS DBTC	1/3 -6/7	8	96 -1728	2 Mbps
	3GPP-LTE	CC SBTC	1/3 1/3	64 8	-40 -6144	-≤ 150 Mbps

  The synthesis was done with 90 nm CMOS technology and gave 0.2 mm² per ASIP with maximum clock frequency Fclk = 500 MHz. Thus the proposed channel decoder architecture with 8 ASIPs and interconnection network is about 1.76 mm² with total memory area of 1.2 mm². The best throughput achieved in LDPC mode is 460 Mbps for WiMax code rate C rate =5/6, Z=96, M b =4, N b =24 and N iter =10 iterations. The architecture has N A =8 ASIPs each processing C AN =3 check nodes per Clk CN =2 clocks. Regarding turbo mode, an average N instr =4 instructions are needed to process 1 symbol which is composed of Bits sym =2 bits. Considering N iter =6 iterations, the maximum throughput achieved is 160 Mbps.

Table 2 .

 2 Results comparison with state of the art

		Core area (mm²)	Tech. (nm)	LDPC WiMAX	Throughput in Mbps LDPC DBTC WiFi WiMAX	SBTC LTE	Fclk (MHz)
	This work (8 ASIPs)	2.96	90	460	460	160 @6iter	160 @6iter	500
	[3]	3.2	90	600	600	-	450 @6iter	500
	[4]	0.62	65	27.7-237.8	34.5-257	18.6-37.2 @5iter	18.6 @5iter	400
	[5]	0.9	45	70	100	70	18	150
		III. ENERGY-AWARE OPTIMISATIONS
	Power consumption analysis was conducted and novel
	power reduction techniques have been proposed. The

analysis is done using Synopsys Prime Power tool and based on post synthesis simulations. Targeting ASIC technology, memories technological features and constraints in terms of power consumption and area have been thoroughly analyzed. On the other hand, each memory block has been studied in terms of size (width and depth), access behaviour and scheduling, bandwidth
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