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1 Introduction

At RAN1 ad-hoc meeting on LTE the technical report TR25.814 has been updated [1]. It now includes a section (7.1.1.1.2) on enhanced OFDM-based modulation schemes such as OFDM/OQAM. In [3] we have provided an overview of OFDM/OQAM modulation. The aim of this contribution is to provide a short version of this description for section 7.1.1.1.2 of the technical report.
----------------------------------------- Start of Text Proposal -----------------------------------------------------

7.1.1.1.2
Enhanced modulation scheme 
As an alternative to conventional OFDM, OFDM with pulse shaping (OFDM/OQAM) should be studied. 
7.1.1.1.2.1
OFDM/OQAM overview

Contrary to conventional OFDM modulation, OFDM/OQAM modulation does not require a guard interval (also called cyclic prefix). For this purpose, the prototype function modulating each sub-carrier must be very well accurately localized in the time domain, to limit the inter-symbol interference for transmissions over multipaths channels.

This prototype function can be also accurately localized in the frequency domain, to limit the inter-carrier interferences (due to Doppler effects, phase noise…). This function must also guarantee orthogonality between sub-carriers both in time and frequency domains. 

It is mathematically proven that when using complex valued symbols, the prototype functions guaranteeing perfect orthogonality at critical sampling rate can not be well localised both in time and frequency. For instance the unity function used in conventional OFDM has weak frequency localisation properties and obliges using a cyclic prefix between the symbols to limit inter-symbol interference.

To let the use of accurately localised functions in the time-frequency domain OFDM/OQAM introduced a time offset between the real part and the imaginary part of the symbols. Orthogonality is then guaranteed only over real values. The corresponding multi-carrier modulation is an OFDM/OQAM. The OFDM/OQAM transmitted signal is expressed as
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(7.1.1.1.2-1)

where am,n denotes the real valued information value (can be the real part or the imaginary part of the Offset complex QAM symbol) sent on the mth sub-carrier at the nth symbol, M is the number of sub-carriers, 0 is the inter-carrier spacing, it is the same of the classical OFDM system. 0 is the OFDM/OQAM symbol duration, it is equal to Tu/2 (Tu is the OFDM symbol duration), and g is the prototype function. 
It is important to notice that OFDM/OQAM symbol rate is twice the classical OFDM symbol rate without cyclic prefix (0 =N/2), meanwhile, since the modulation used is a real one, the information amount sent by an OFDM/OQAM symbol is half the information amount sent by an OFDM symbol. Figure 7.1.1.1.2-1 depicts the signal generation chain of an OFDM/OQAM signal. 
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 Figure 7.1.1.1.2-1: OFDM/OQAM Signal Generation Chain

The modulator generates N real valued symbols, each 0 where 0 = Tu / 2. The real valued symbols are then dephased, they are multiplied by im+n before the IFFT as it is noted in (7.1.1.1.2-1). Figure 7.1.1.1.2-2 shows the time-frequency localisation of the transmitted symbols both for conventional OFDM using complex valued QAM symbols and for OFDM/OQAM.
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Figure 7.1.1.1.2-2: OFDM/OQAM time and frequency lattices (compared to conventional OFDM w/o guard interval)

The main difference of OFDM/OQAM over conventional OFDM signal generation stays in the filtering by the prototype function g after the IFFT, instead of the cyclic prefix addition.

Thanks to the Inverse Fourier Transform, the prototype function g can be implemented in its polyphase form, which reduces strongly the complexity of the filtering. Moreover the density 2 induces some more simplifications in the polyphase implementation. Figure 7.1.1.1.2-3 shows a possible polyphase implementation of both an OFDM/OQAM modulator and demodulator (Gi are the polyphase components of the prototype filter).

[image: image4.emf]
Figure 7.1.1.1.2-3: OFDM/OQAM polyphase implementation

One candidate for OFDM/OQAM filter (g) is IOTA (Isotropic Orthogonal Transform Algorithm) prototype obtained by orthogonalizing the Gaussian function in both time and frequency domains according to Schmidt method. See Figure 7.1.1.1.2-4. 
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Figure  7.1.1.1.2-4: Temporal and spectral representation of the IOTA prototype filter
Another particularity of IOTA is the spectrum of the generated signal. Thanks to its good frequency localisation, the resulting spectrum is steeper than for conventional OFDM. Figure 7.1.1.1.2-5 depicts the resulting spectra of the signals generated by both rectangular filter used in classical OFDM system and IOTA function used for OFDM/OQAM system. FFT length is 512 and 300 sub-carriers are modulated (parameters corresponding to the 5 MHz case)
[image: image6.png]



Figure 7.1.1.1.2-5: OFDM/IOTA and conventional OFDM spectra

------------------------------------------ End of Text Proposal -----------------------------------------------------
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