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1 Introduction

According to the initial evaluation, it is found that DFT-S-GMC is superior to DFT-S_OFDM in many aspects, e.g. MAI robustness and UE complexity. To easy the understanding of the implementation, this paper is used to describe the components involved for the UE transmitter in more detail. 
2 Signal generation

[image: image1.emf]K-point

DFT

M-band

IFBT

Circulated

Data 

Blocking

CP & 

Ramp 

padding

()

s

T

T

xn

L

()

s

T

T

xn

L



0

1

()

()

s

Ks

alT

alT















0

1

K

b

b















Tx Signal 


Figure 2.1 Components of DFT-S-GMC at transmit side
From the above figure, the following components are mentioned
· K-point DFT, used as a DFT operation, spreading input symbols 
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over the whole transmission bandwidth. As the output, sequence 
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denotes the generated signal.
· M-band IFBT, used as an M-band inverse filterbank transform, shaping the transmission subbands over radio channels. As the output, the sequence
[image: image4.wmf]()

s

T

T

xn

L

denotes the generated signal, where the constant L represents the samples over symbol duration, e.g. 18 samples per symbol duration.
· Circulated data blocking, used to construct a fixed-size data block with circulating operation and head-tail splitting operation. As the output, sequence
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denotes the generated signal.
· CP padding and ramp padding, used for FDE at receiver side and spectrum shaping for subbands.
3 Implementation details
3.1 Combined DFT and IFBT operation

In figure 3.1, the composite DFT-IFBT transform is described in more detail, where IFBT is now replaced by its fast implementation structure [1]:
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Figure 3.1 combined DFT and M-band IFBT

According to figure 3.1, each step is describes mathematical form as following:

· K-point DFT transform
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· M-point IDFT

The output sequence of DFT transform, 
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, is equally mapped onto the input of M-point IDFT, while the rest input points are set to zero, i.e. 
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zeros are inserted between every two mapped signal points. Let
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denote the input of M-IFFT, where
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is replaced with 
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when 
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Here, the constant I denotes the mapping offset onto the M-point IFFT.
So
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Based on the properties of FFT and IFFT, it could be found that the output sequence,
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, is a repetition of 
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with special phase rotation {
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and
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· Polyphase filtering, up sampling and interpolation

Assume polyphase filters are denoted as {
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}, they are decimated from the prototype filter via
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So for each output of polyphase filters, they are expressed as the following equation assuming that 
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As a result, the output,
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, of DFT-S-GMC at each symbol timing is expressed as the multi-rate processing of the outputs of all the polyphase filters, assuming that 
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So, the output signal,
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, constructed from Q-symbol timings is described as
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Figure 3.2 presents the resulting simplified combined DFT and IFBT operation, which can be viewed as M parallel polyphase filtering, up sampling and time-domain interpolation. 
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Figure 3.2 polyphase filtering, up sampling and interpolation
3.2 Circulated data blocking

However, the size of 
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 is much larger than the Q-symbol duration, i.e. the waveform with ramp-up and ramp-down at both sides greatly exceeded the Q-symbol duration, N-sample in time domain. In practice, both ramp-up and ramp-down are not necessary and redundant in carrying new information. So, we use circulating and head-tail splitting operations to remove the out of N-sample signals. Figure 3.3 and 3.4 describe such a processing. In mathematics, they are expressed as 
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At first, an N-sample repeated periodical signal is generated. Following this step, a modular-N operation must be performed to select N samples, i.e. 
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, which is explicitly expressed in figure 3.3 as a data circle. In practice, equation (10) can be implemented using l=0 and 1, and modular-N operation is accomplished by selecting the first N samples. 
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Figure 3.3 circulating operation

· Head-tail splitting operation

For the operation of head-tail splitting, it is just used to form an N-sample data block from the above data circle. After this operation, the head and tail of the data block are constructed for block transmission.
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Figure 3.4 head-tail splitting operation

By use of the above two operations, the ramp-up and ramp-down which are originally found for xT(n) are removed, but without loss of information. To achieve this, two conditions are satisfied, that is, 

· Prototype filters must be optimized to satisfy Nyquist condition. So, no ISI will result in AWGN channel.

· N must be multiples of Ts. So, the data block constructed by circulated data blocking operation can be recovered at the receiver side if the channel is perfectly equalized.

4 Conclusion
In this paper, the mathematical basis for DFT-S-GMC transmitter is partly presented. Based on such work, we hope that the fundamentals of DFT-S-GMC could be better understood to some extent.
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