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1 Introduction

In TR-031091 [1] presented during RAN1-34 meeting in Seoul, some aspects of OFDM-UE blocks’ complexity was presented. Those blocks, FFT operation, the channel estimation and the equalization, are independent and constitute functionalities used in order to perform OFDM reception. 
This document concerns a text proposal for section  6.8.1 in TR 25.892 about the Fast Fourier Transform operation at the UE side.

2 Fast Fourier Transform

FFT is the operation responsible for demodulating the received signal. After synchronization, sampling stages and guard interval elimination, samples are fed into the FFT block. The resulting symbols are the transmitted symbols multiplied by the channel coefficient on every sub-carrier.

The FFT complexity is investigated for both sets specified in [2]. The main constraint is the real time processing meaning that an OFDM symbol has to be demodulated during the reception of the following OFDM symbol, e.g. during one OFDM period Ts.

Complexity is presented as the required memory (ROM and RAM), the frequency processing and the multiplier number and size.

This study is done in a basis of radix-2 and radix-4 butterfly. This has the merit of presenting a classical approach giving a clear insight on the resulting complexity. Other choices may be applied in order to come up with less complex architectures, this remains a constructor’s choice.

3 References

[1] 3GPP TSG-RAN1, “TR-031091: Some elements on OFDM UE complexity”, RAN1-34, Seoul, September 2003.
[2] 3GPP TSG-RAN1, “TR 25.892: Feasibility Study for OFDM for UTRAN Enhancement”, version 0.4.1, October/2003

Text proposal for section 6.8.1 in TR25.892

--------------------------------------- start of text proposal---------------------------------------

6.8.1
The FFT operation complexity

The FFT operation can be done according to the following commonly used architecture for demodulating OFDM systems (Figure 1). 
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Figure 1 - FFT processor block diagram

· FFT Memory unit : Memory is needed in order to be able to store the incoming OFDM symbol while processing the available OFDM symbol. The input samples are usually coded on number of bits ranging from 12 to 16bits

· Twiddle_Factor_Rom: The Fourier Transform operation done on N points is given by : 
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Where the term 
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, called twiddle factor, is given by : 
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The Twiddle factors are usually coded on a number of bits ranging from 13 to 16 bits. The ROM size can be reduced by using symmetrical properties and the fact that in some cases, the twiddle factor is just equal to 1, -1, j or –j.

· Radix 2/4 Butterfly and complex multiplier: The FFT algorithms consists in decomposing the N point  DFT (Discrete Fourier Transform) into N/2 two points DFT (radix 2) or N/4 four points (radix 4), which are then recombined recursively until reaching the result of the N point DFT. Radix2 butterfly is illustrated in Figure 2, and Radix4 butterfly is illustrated in Figure 4.
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	Figure 2: Radix 2 butterfly structure
	Figure 3: Radix 4 butterfly structure


The FFT complexity can be analysed by determining the number of complex multiplications needed to perform the operation. For single radix implementation of the FFT, the number of complex multiplications within a TTI period is given by the following formula: 
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The FFT complexity main features are summarized below for both OFDM reference sets: 

For set 1, with the 512 point FFT and a radix-2 architecture: 

· 65 MHz clock rate guarantees real time processing 

· the number of complex multiplications, per OFDM symbol is 2304, and 62208 per TTI

· for input sample of (12..16) bits the required FFT RAM memory is (24..33) Kbits, and  the twiddle factor ROM memory is (3..4) Kbits

· the complex multiplier gate count is (6..12) K.

For set 2, with the1024 point FFT, and a radix-4 architecture: 

· 39 MHz clock rate guarantees real time processing 

· the number of complex multiplications, per OFDM symbol is 3840, and 46080 per TTI

· for input sample of (12..16) bits the required FFT RAM memory is (49..66) Kbits, and  the twiddle factor ROM memory is (6..8) Kbits

· the complex multiplier gate count is (6..12) K.

Note that the FFT complexity figures given above have been calculated assuming a radix-2 implementation for parameter set1 and a radix-4 implementation for parameter set2. However, other possibilities exist that enable trading off speed for code and memory size. For example, 512-point FFT cores are available, which employ a mixed radix-4/2 architecture and require less processing speed than the radix-2 architecture, at the cost of extra control code and memory. Similar hybrid architectures can be applied to 1024-point FFT also.

--------------------------------------- end of text proposal---------------------------------------
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