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Aspects of Burst Formatting for Precoded EGPRS2 Downlink
1 Introduction
This contribution discusses aspects of burst formatting for Precoded EGPRS2 related to the length of the FFT, the length of the cyclic prefix and the removal of tail symbols. 

Even though there are efficient FFT/IFFT algorithms for vectors of any length, the algorithms for highly composite lengths are much faster. Highly efficient FFT’s are desirable because they result in considerable complexity reductions in both the MS and BTS. 
The FFT size is determined primarily by the number of user data symbols plus the number of training symbols. It can be increased by adding data symbols, training symbols, or special purpose symbols (e.g. symbols used exclusively for PAR reduction). Similarly, the FFT length can be reduced by removing either training or data symbols. Since the timeslot length, the throughput and the channel coding used in EGPRS2 are to be kept intact (except for the channel coding for the MCS with the highest code rate), some restrictions on the FFT length are imposed. 

Precoded EGPRS2 utilizes a cyclic prefix (CP) to mitigate Inter-Symbol Interference (ISI). The presence of the CP increases the overhead. The total duration of the burst is determined by the guard period, the number of tail symbols, data symbols, CP, training symbols and special symbols (if any). 
In this contribution it is argued that it is feasible to discard the tail symbols. Moreover, it is shown that despite the many constraints on the FFT size, there is some flexibility and it is possible to choose it so that very efficient FFT/IFFT algorithms can be implemented in both the BTS and MS. 

2 Tail Symbols

The fixed tail symbols serve several purposes in EGPRS2, such as controlling the amplitude of the signal during ramp up and ramp down, and providing known states for the termination of the trellis search.  However, none of these properties are essential for the proper operation of Precoded EGPRS2 in DL. Therefore, it is proposed to remove the tail symbols in order to compensate for the overhead introduced by the CP. Removal of the tail symbols for Precoded EGPRS2 will require a new Power vs. Time (PvT) mask. A detailed description of modulation without tail symbols is given in Section 3.
3 Modulation and CP Shortening
3.1 Precoding  and Modulation 

This section begins with a general mathematical description of DFT precoding and generation of the baseband signal. It introduces notation and concepts used in subsequent sections.
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 is constructed from the payload and training symbols. 
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Each entry in (1) is drawn from a PSK or QAM constellation. DFT-precoding is applied to 
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 to form a new sequence of complex numbers 
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 as follows. Let 
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be the Fourier transform matrix of size 
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. (In Matlab notation, 
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).) The precoding operation is
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Multiplication by the matrix 
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can be implemented efficiently using the fast Fourier transform. Next, an integer 
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 are appended at the beginning of 
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to form a new vector 
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. In other words, a cyclic prefix (CP) of length 
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 is added. 
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Guard and tail symbols are appended, yielding the sequence of complex numbers
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This sequence is pulse shaped to obtain the baseband signal, as follows.
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Here 
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is the linearized GMSK pulse shaping filter, 
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is the symbol period (in seconds), 
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is the phase and 
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 is the duration of the burst  (in seconds). Finally, the pulse shaped signal (5) is sent to the RF modulator. 

3.2 Baseband signal generation and CP shortening

In this section a procedure to increase the FFT size 
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 without increasing the burst duration 
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 is described. It is also shown how to generate the baseband signal without tail symbols.

One of the first tasks performed in a typical receiver for Precoded EGPRS2 is CP removal. However, since a significant amount of ISI is introduced already at the transmitter, it is possible to modify a part of the CP in the transmitter, after having performed pulse shaping, without incurring in any loss of link performance. CP shortening is performed in such a way that the spectral characteristics of the signal are preserved. Thus, a long burst containing more payload or training symbols than an EGPRS2 burst can be shortened to the same length as an EGPRS2 burst and still fulfil the same spectrum mask requirements.
To begin, choose a non-negative integer 
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 and enlarge the burst (2) by 
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 symbols. These symbols can be either payload, pilots or have some other use such as PAPR reduction. Specifically, the vector of payload plus data (1) is enlarged.
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The new symbols need not be added at the end, they can be placed anywhere in the burst. Next, the vector 
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 is precoded.

[image: image37.wmf](

)

z

W

Z

H

N

r

r

×

=

+

l

.



(7)

Note that the new size of the Fourier transform is 
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. After precoding, a cyclic prefix of the same length 
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 as in (3) is added.
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Guard symbols are added to the left and right of (7).
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The guard symbols may be chosen so that the signal generated after pulse shaping has approximately constant amplitude over the guard. For example, if the pulse shaping filter is the linearized GMSK filter, then the guard symbols may be defined by
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The positive real numbers 
[image: image48.wmf]l

A

, 
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are the amplitudes of the left and right guard symbols respectively. These amplitudes, together with a window described below, can be adjusted to control the power of the signal during ramp up or ramp down. 
The signal (8) is pulse shaped using the linearized GMSK filter
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Note that the signal (11) is 
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 seconds longer than the signal (5). 

We now show how to shorten (11) so that 

1. It has the same length 
[image: image54.wmf]t

as (5),

2. It fulfils the same spectrum constraints as (5), and

3. The link performance is not degraded.

Firstly, the constant 
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must be chosen in such a way that the time dispersion induced by the multipath propagation radio channel (i.e. from transmit antenna to receive antenna) plus the time dispersion caused by the receive chain is less than 
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seconds. Secondly, the first 
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 seconds of (11) are erased.
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Thirdly, two raised cosine ramp functions are defined.
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The parameter 
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 determines the duration of the ramping period.
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Finally, a new shortened baseband signal is generated by the multiplication of (12), (13) and (14).
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Note that a portion of the signal 
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 defined by (15) corresponding to
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seconds of the filtered cyclic prefix, is affected by the left ramp (13). This does not have any effect upon link performance since by design
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 is subject to a time dispersion of less than 
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seconds. Hence, the received signal can still be accurately represented as a cyclic convolution of the sent symbols with a channel filter. This is the property that allows easy demodulation by means of the DFT, and it explains why the shortened signal (15) does not suffer from degraded performance. Moreover, the spectrum of the product of the ramps (13) and (14) is easily obtained from the usual raised cosine spectrum and its impulse response, but interchanging the time and frequency domains. Indeed, the product  
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 defines a raised cosine window in the time domain, while the usual definition gives the raised cosine window in the frequency domain. Thus, the spectrum of 
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  is a modified sinc function and the magnitude of its side lobes is controlled by the roll-off
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. Since the spectrum of 
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 is given by the circular convolution of the frequency response of the 3 terms 
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, (15) will satisfy the same spectral mask requirements as (5) provided
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 is large enough. It is also clear from the discussion above that the raised cosine ramps (13) and (14) may be replaced by other ramping functions provided the spectrum of the shortened signal (15) satisfies the same spectrum mask requirements as (5).

4 Examples
This section gives some applications of the baseband signal generation method described in Section 3.2.

4.1 FFT Sizes
At the normal symbol rate, a reasonable choice of 
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, the FFT size, is 
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 is not a highly composite number since 71 is a prime number. The choice 
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. FFT’s of size 144 are typically 3 to 10 times faster than FFT’s of size 142, depending on implementation details and hardware capabilities. This also gives two extra symbols that can be used for training or other purposes.
At the higher symbol rate, reasonable choices of  
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. This last value can be obtained for example by the elimination of one training symbol. In these two cases 
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Figure 1 and Figure 2 show that the FFT of size 144 (for normal symbol rate) and 168 for higher symbol rate can be adopted without link performance losses with respect to the sizes 142 and 169 respectively. In the next section it will be shown that the signals are compliant with the spectrum mask, and their power profiles will also be illustrated. 
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Figure 1 Performance of Precoded EGPRS2A with and without CP shortening
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Figure 2 Performance of Precoded EGPRS2B with and without one training symbol removed
4.2 Baseband signal spectrum and power profile
The method described in Section 3.2 has been applied with the parameter values shown in Table 1 below. 

	Parameter
	Value
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Table 1 Parameter Values
With these values of the parameters the spectrum mask requirement for normal symbol rate is fulfilled, see Figure 3.
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Figure 3 Simulated spectrum of CP shortened, IDFT precoded burst and spectrum mask requirement

Plots of the ramp up and down of signal trajectories without tail symbols are shown in Figure 4 and Figure 5. The simulations suggest that it is possible to keep the max output power below the maximum values allowed by the EGPRS2 PvT mask during ramp up and ramp down, although some minor modifications to the PvT mask might be required (e.g. due to implementation margins). 
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Figure 4 Burst power vs. time for CP shortened, IDFT precoded bursts. 

Also shown is the left part of power vs. time mask for  EGRPS2A, 32QAM.

[image: image101.png])

10

-0

PuT for 32QAM madulation

570

575

560 565
ts)

590

59




Figure 5 Burst power vs. time for shortened, IDFT precoded bursts. 

Also shown is the right part of power vs. time mask EGRPS2A, 32QAM.

5 Conclusions
It has been argued that it is possible to eliminate the tail symbols, thus compensating for the extra overhead introduced by the CP. Moreover it has been shown that part of the CP may be eliminated without any impact to the link performance or power spectrum. A method to generate the baseband signal without tail symbols has been introduced. It has been pointed out that a new PvT mask will be needed if the tail symbols are eliminated. Simulations suggest that it is possible to keep the outer envelope of the EGPRS2 PvT mask (which determines the max output power during ramp up and down), or that only minor modifications are needed.
It has also been shown that there is some flexibility in the choice of the length of the FFT, and that it is feasible to choose sizes that are highly composite numbers, for which very effective FFT algorithms are available. These reductions in complexity can be quite substantial and therefore useful in both the MS receiver and BTS transmitter.

The exact sizes of the FFT and CP are left for further study. However the following values are suggested as working assumptions.

	Symbol rate
	FFT Size
	CP duration [
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	Normal
	144
	6*48/13

	Higher
	168
	9*40/13


Table 2  Suggested FFT Size and CP length
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