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1. Introduction
The precoded EGPRS2, with either single-block [1] or multi-block [2] design, uses IDFT as its precoder, which resembles an OFDM implementation.  Because the sampling rate (270.833kHz for 2-A; 325kHz for 2-B) of GSM/EDGE/EGPRS2 is greater than the intended channel bandwidth of 200kHz, a pulse shaping filter is needed in compliance with spectrum requirements.  The pulse shaping shall cause non-uniform transmission in subcarriers for precoded EGPRS2, as discussed in [3].  Besides, pulse shaping filter, for example, the LGMSK pulse, usually will introduce inter-symbol interference (ISI) for transmit symbols.  

The precoded EGPRS2 uses a cyclic prefix (CP) to mitigate ISI that is caused by channel delay.  The length of the CP should be greater than channel delay for a complete ISI removal.  The channel delay should be the combined length of the TX/RX filter and the radio channel.  
This contribution proposes a different approach for spectrum shaping.  Instead of using conventional pulse shaping, a circular convolution shaping, or a spectrum shaping in frequency-domain is proposed to achieve the desired TX spectrum property.  One benefit is the reduction of the CP length, because there is no need in CP to remove ISI that is caused by TX filter.   Another benefit is flexibility to control subcarrier TX power.  With a proper design of spectrum shaping coefficients, a potential gain can be achieved with an optimal trade-off between link performance and spectrum property.
The two but equivalent spectrum shaping schemes, the time-domain shaping with a circular convolution, and the frequency-domain shaping with frequency domain multiplications, are discussed in details in the paper.  Power spectrum density of the new spectrum shaping is provided with a set of shaping coefficients, which are obtained from the PSD of LGMSK pulse.
2. Convolution and Circular Convolution
Given modulating symbols
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is the block length, and 
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.  By adding a cyclic prefix (CP) of length 
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, the time domain sequence
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can be represented with 
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is a mod-N operation.
Let 
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be the discrete response of a pulse shaping filter, and 
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 be the discrete channel response.  The nonzero lengths of 
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, respectively.  By omitting noise and interference, the signal at the receiver side can be represented as
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is convolution.  If the CP length is greater than the combined length of the pulse shaping filter and the radio channel, i.e. 
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, the convolution becomes circular convolution by removing cyclic prefix part of signal.  Denote 
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as circular convolution.  When
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.  Its frequency domain representation is 
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are corresponding frequency domain responses of the pulse shaping and the radio channel.
In the context of precoded EGPRS2-A, the length 
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of pulse shaping filter is about 5.  Usually we may need a length of 
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 (~11µs) for radio channel delay.  To achieve circular convolution, the CP length should be greater or equal to 8 to avoid any ISI.
One possible approach to reduce CP length is to implement circular convolution with the pulse shaping filter directly.  The transmitter is aware of filter coefficients of the pulse shaping.  Instead of sacrificing certain CP symbols for a circular convolution, the circular convolution between transmit symbols and the pulse shaping filter can be calculated directly.  A CP is still needed, however, its length could be reduced because the delay introduced by the pulse shaping filter has already been accommodated by the circular convolution.

If the circular convolution with pulse shaping is used, the received signal 
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 can be rewritten as 
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.  The transmit signal 
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shall add a CP with length 
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after the circular convolution.  The detailed processing is illustrated in Figure 1.  The pulse shaping operation is proceeded with a circular convolution.  A CP is still added; CP symbols are picked from the output symbols of the circular convolution.  

At the receiver side, a circular convolution between 
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 can be yielded by removing the CP.  ISI can be fully removed if 
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.  Note that the CP length G is only required to be greater than the channel delay.  Any accommodation for TX pulse shaping filter in the CP is no longer needed.
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Figure 1
Precoded Transmitter with Circular Convolution for Pulse Shaping

For precoded EGPRS2-A design, when 
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, ISI-free transmission will be reached if the delay of the radio channel is less than ~11µs, as the design in [2].
3. Spectrum Shaping in Frequency Domain
Circular convolution in time domain is equivalent to multiplication in frequency domain.  If transmit signal
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is the output of circular convolution of time-domain signal
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and pulse shaping filter 
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, its frequency domain signal
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can be represented as 
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 is the frequency domain representation of 
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. This equation indicates that pulse shaping can be implemented in frequency domain. 

[image: image44.emf]PSK/QAM 

Symbols

X

FD Pulse 

Shaping 

Response

IFFT

Coded 

Bits

Add CP


Figure 2
Precoded Transmitter with Frequency Domain Pulse Shaping
Figure 2 illustrates an alternative spectrum shaping approach in frequency domain for precoded EGPRS2.  Instead of using circular convolution in time domain, spectrum shaping can be implemented in frequency domain.  Transmit symbols 
[image: image45.wmf]k

X

are multiplied with spectrum shaping coefficients 
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at every subcarriers.  The coefficients
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, also called spectrum shaping coefficients, provide frequency shaping at all subcarriers.  One possible candidate of spectrum shaping 
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is based on the legacy LGMSK pulse.  The shaping coefficients are shown in Figure 3 for N=58 subcarriers.

After spectrum shaping, the shaped symbols are IDFT transformed to time domain.  A CP is then added after spectrum shaping, as shown in Figure 2.  Similar to that of circular convolution design, the CP length should be greater than radio channel delay to yield an ISI-free transmission.
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Figure 3
Spectrum Shaping Coefficients for N=58
4. Power Spectrum Density

One distinct difference between the legacy pulse shaping and the circular convolution/frequency domain shaping is the operation of the cyclic prefix.  The CP-adding operation of the legacy pulse shaping is performed before the pulse shaping.  The new spectrum shaping approach, either circular convolution shaping shown in Figure 1, or frequency domain shaping shown in Figure 2, will add a CP after the spectrum shaping operation.  This CP operation will have an impact on the TX signal spectrum.  Transmit spectrum should be investigated for the new spectrum shaping scheme.
Because the circular convolution shaping and the frequency domain shaping are equivalent, we only need to investigate one of the shaping approaches.  With spectrum shaping coefficients shown in Figure 3, spectra of the precoded EGPRS2-A are illustrated in Figure 4.  Both the spectra of legacy pulse shaping and frequency domain shaping are shown, together with the legacy 8PSK frequency mask.  From Figure 4, the frequency domain shaping does have some spectrum growth around 100kHz; while it has better performance at frequency greater than 125kHz, when compared to the legacy pulse shaping spectrum.  The PSD of the new frequency-domain shaping is still within the legacy GSM spectrum mask.
The spectrum of the frequency domain shaping is calculated based on the spectrum shaping coefficients of Figure 3.  These coefficients are derived based on the PSD of legacy LGMSK pulse.  Please note that these coefficients are by no means optimal, in terms of the spectrum property and link performance.  Other possible designs of frequency shaping coefficients, which could boost certain subcarriers, might provide better trade-off between link performance and spectrum property.  The frequency domain spectrum shaping provides a very flexible method to control transmit power at individual subcarriers.  The optimal spectrum shaping coefficients may be FFS.  
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Figure 4
Power Spectrum Density of Precoded EGPRS2-A, with both shaping techniques
5. Discussion and Conclusions

An alternative spectrum shaping concept for precoded EGPRS2 is proposed in this contribution.  The new spectrum shaping uses either circular convolution or direct frequency domain shaping to achieve desirable transmit signal spectrum for precoded EGPRS2, by utilizing the subcarrier structure of precoded EGPRS2.  
One benefit of the new approach is a potential CP reduction.  Compared to the conventional pulse shaping, where CP length should be equal to or greater than the combined length of TX pulse and radio channel, the new spectrum shaping only needs the CP length greater than the radio channel delay.  The saved CP length is useful to reduce overall overhead in the precoded burst design.

The other benefit of the new spectrum shaping concept is the flexibility in managing subcarrier TX power.  One shaping coefficients are presented in this contribution.  However, spectrum shaping coefficients could be optimized for a better trade-off between link performance and spectrum property.  
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