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1 Introduction

In this document, we propose a text input for Sections 3 and 4 of the “Feasibility Study for analysis of OFDM for UTRAN enhancement” TR25.892. With this text proposal, we intend to describe an alternative to classical OFDM with guard interval: the OFDM/ IOTA modulation [2]

 REF _Ref32641860 \n \h 
[3]

 REF _Ref32641862 \n \h 
[4].

2 Text Proposal

From [1]  ------------------------------------------------------------------------------------------------------------------------

3 Definitions, Symbols and Abbreviations

3.1 Definitions

3.2 Symbols

Fo

OFDM sampling frequency.

fd

Maximum Doppler shift.

N

Total number of IFFT/FFT bins (sub-carriers).

Np

Number of prefix samples.

Nu

Number of modulated sub-carriers (i.e. sub-carriers carrying information).

Ts

OFDM symbol period.

Tg

OFDM prefix duration

Tu

OFDM useful symbol duration 
f

Sub-carrier separation.

· Channel total delay spread.

Start of Text Proposal ---------------------------------------------------------------------------------------------

g(t)

Prototype function
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IOTA function

0

OFDM/OQAM symbol period 

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

For the purpose of the present document, the following abbreviations apply:

FDM

Frequency Division Multiplexing

FFT

Fast Fourier Transform

IFFT

Inverse Fast Fourier Transform

Start of Text Proposal ---------------------------------------------------------------------------------------------

IOTA 

Isotropic Orthogonal Transform Algorithm

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

ISI

Inter-Symbol Interference

MIMO

Multiple-Input Multiple-Output

OFDM

Orthogonal Frequency Division Multiplexing

Start of Text Proposal ---------------------------------------------------------------------------------------------

OQAM
Offset Quadrature Amplitude Modulation

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

PAPR

Peak-to-Average Power Ratio

PSK

Phase Shift Keying

QAM

Quadrature Amplitude Modulation

4 OFDM Technology

4.1 OFDM fundamentals

– – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – 

Start of Text Proposal  -------------------------------------------------------------------------------------------- 

4.2  OFDM/IOTA fundamentals

OFDM/IOTA is an OFDM/OQAM modulation using a particular function, called IOTA, modulating each sub-carrier. First, the general principle of OFDM/OQAM is introduced, and then IOTA filter is presented

4.2.1 OFDM/OQAM principles

OFDM/OffsetQAM modulation is an alternative to classical OFDM modulation. Contrary to it, 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 localized in the time domain, to limit the inter-symbol interference
. Moreover, it can be chosen very well localized in the frequency domain, to limit the inter-carrier interferences (Doppler effects, phase noise…). This function must also guarantee orthogonality among sub-carriers and among multi-carrier symbols. Functions having these characteristics exist, which guarantee the orthogonality only in real domain. Consequently, the complex QAM data stream  EQ 

 EQ (cmn) must be separated into its two real components: real part ( EQ amn) and imaginary part ( EQ bmn.) (see Figure 1), the imaginary part being modulated with a half-symbol-duration (Tu/2) shifted version of the modulation filter (thus the connotation Offset). The classical OFDM signal (without cyclic prefix) can be written as:
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where g(t) is a rectangular filter. 

By separating the two parts of  EQ 

 EQ (cmn), the corresponding OFDM/OQAM modulated signal can be written as:
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where g(t) is the prototype function (noted 
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in the case of IOTA). In a more concise writing, this gives:
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Note that data is multiplied by im+n prior to modulation in order to have orthogonality in real domain.

Notation: in OFDM/OQAM, the symbol period is usually noted 0 and 0 = Tu/2 
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Figure 1: OFDM/OQAM time and frequency lattices (compared to OFDM w/o guard interval)

Figure 2 represents the OFDM/OQAM  transmitter.
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Figure 2: OFDM/OQAM Signal Generation Chain

The “real OQAM modulator” is simply a Pulse Amplitude Modulator.

Thanks to the Inverse Fourier Transform, the time filtering is implemented in its polyphase form, in order to reduce the complexity of the filtering.

4.2.2 IOTA filter 

IOTA filter guarantees a quasi-optimal localisation in time/frequency domain; it is obtained by applying the Isotropic Orthogonal Transform Algorithm to the Gaussian function aiming at orthogonalizing this function.

Thus, the IOTA function has the following properties:

· it is identical to its Fourier Transform, so, the OFDM/IOTA signal is affected similarly by the time and frequency spreading due to propagation conditions (if parameters are adapted to the channel),

· the time-frequency localization is quasi optimal as the IOTA function does not differ a lot from the Gaussian function (optimally localized).


Figure 3
 and Figure 4 show various representations of the IOTA function. On Figure 4, the frequency response of the IOTA function is represented, as well as the rectangular function (used in classical OFDM). 
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Figure 3: IOTA function and its Fourier transform
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Figure 4: IOTA and Rectangular Function Fourier transforms

Orthogonality of IOTA function is expressed as:
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OFDM/OQAM using the IOTA filter is noted OFDM/IOTA.

4.2.3 OFDM/ IOTA parameters

As for classical OFDM, the OFDM/IOTA parameters have to be designed according to the channel constraints. Conditions from sections 4.1.6 and 4.1.7 are still relevant in the IOTA case:

We need to have
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 in frequency domain. According to the channel environment (Doppler frequency
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is chosen in such a way that the FFT size is a power of two.

With the IOTA filter flexibility, as there is no guard interval, the design of the parameter set leads to an integer number of symbols per TTI (2 ms) with a frequency sampling of 7.68 MHz. The configuration can be done by soft means. For examples, a 512 points FFT leads to 60 symbols in a TTI and a 1024 points FFT leads to 30 symbols per TTI.

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

4.3 OFDM mobile system

……………………………
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� For comparison, in classical OFDM with guard interval, the prototype function modulating the sub-carriers is the rectangular function.
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