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1 Introduction

At previous RAN1 meeting on LTE, principle and implementation of DFT-S-GMC was introduced for EUTRA uplink [1-2] and initial performance was also demonstrated for its benefits [3]. DFT-S-GMC transmission scheme has low PAR, more robust against time-frequency synchronization error and Multi-Access Interferences (MAI) than DFT-S-OFDM, and moderate BER performance between the DFT-S-OFDM-D and DFT-S-OFDM-L. In a word, DFT-S-GMC achieves good compromise between performances, and can be considered as a powerful candidate for EUTRAN UL access scheme. This contribution provides a further description of the DFT-S-GMC implementation module by module. The mathematics principle of each processing are also provided. 
2 DFT-S-GMC

The main difference between DFT-S-GMC [1-4] and DFT-S-OFDM [5] lies in the fact that the former depends on filterbank transform (FBT) & inverse filterbank transform (IFBT) for subband shaping, while the latter on the FFT and IFFT for sub-carrier shaping. Hence, for practical implementation there are some processing differences between them. However, DFT-S-GMC also applies DFT for spectrum spreading, FDMA for separation of uplink simultaneous terminals, and FDE for channel equalization at the Node B side. From such aspects, they are very similar to each other in principle.

2.1 Module description
Figure 1 depicts the signal generation chain of a DFT-S-GMC transmit signal.
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Figure 1. The transmitter of DFT-S-GMC

To further describe the mathematics principle of DFT-S-GMC by module, let the input parallel data block sequence as
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where D is the number of waveform symbols transmitted during each data block, i.e. the times of performing IFBT transform during each data block. 
[image: image3.wmf]n

is the index of waveform symbols transmitted during each data block. K is the number of used sub-bands. 
[image: image4.wmf]k

is the index of used sub-bands.

2.2 Transmitter description

Module1: K-point DFT transform
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Module2: Equidistance mapping
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Where, C is user-specific sub-band offset, and
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. M is the number of total sub-bands of system, and is the integer times of total used sub-bands K. 
[image: image8.wmf]m

is the index of sub-bands of system.

Module3: IFBT transform
The IFBT transform can be subdivided into four functional modules as shown in Figure 2.
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Figure 2. The Inverse Filter-Band Transform (IFBT) 

M-point IDFT transform :
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where “mod” denotes modulo operation.

Up sampling with rate L/M:
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Where 
[image: image12.wmf]L

 is the length of prototype filter.

Polyphase filtering:
The output of m'’ th polyphase filter is
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Where 
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 denotes discrete convolution, and 
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 is the impulse response of prototype filter of filter bank with length
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. The prototype filter satisfies the shift orthogonality condition
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N is the shift orthogonal interval of prototype filter.  The superscript “*” denotes conjugation.

P/S converting:
Let 
[image: image23.wmf]''M

tmn

=+

,
[image: image24.wmf]0'M1;0'L/M1

mn

££-££-

,


[image: image25.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

'+'M

'

M1

0

M1

0

M1

0

gg

''M

exp2'/M''M

exp2''M/M''M

exp2/M

tmn

mp

mp

m

mp

m

mp

m

nn

cnfmn

bnjmmfmn

bnjmmnfmn

bnjmtft

p

p

p

-

=

-

=

-

=

=

=+

=+

=++

=

å

å

å



[image: image26.wmf];0L1;0D1

tn

££-££-


The fast implementation of the IFBT and FBT is existed shown in Appendix A.
Module4：Buffering and shift cumulating
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Module5：Circulated data blocking
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Figure 3. Circulated data blocking

2.3 Key features
The key feature of DFT-S-GMC transmission is described as follow:

· SC approach

As is well discussed, IFDMA and DFT-S-OFDM imitate SC system by approaching its PAR performance and signal form. Basically, DFT-S-GMC achieves these features through the operation of combined K-point FFT, M-band IFBT and appropriate subband mapping.

· FDMA
DFT-S-GMC is FDMA based single carrier scheme as DFT-S-OFDM, which allocate traffic access through frequency granularity.
· Synchronization robust

One of the major motivation for proposing DFT-S-GMC as an alternative solution for SC-FDMA lies in the possibility that it might perform quite robustly against synchronization errors. As shown in Figure 2.16[1], DFT-S-OFDM-D is mostly sensitive to MUI, which results in an error floor in performance. DFT-S-OFDM-L is almost not sensitive to MUI, and DFT-S-GMC and DFT-S-OFDM-C behave in similar manner, i.e. being much less sensitive to MUI than DFT-S-OFDM-D.
3 Conclusion

In this paper, further mathematical basis for DFT-S-GMC transmitter is presented. Based on such work, we hope that the fundamentals of DFT-S-GMC could be better understood and considered as powerful candidate for EUTRA uplink.
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Appendix A: Fast implementation of IFBT

The output samples of IFBT of M sub-bands at time 
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 are
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 is the transmitted symbol over m’th sub-band at time n
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Where 
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