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1 Introduction

1.1 Background Information

One objective in the WID on SPEED ‎[1] is to investigate possible enhancements in Precoded EGPRS2 (PCE2) burst formatting. In PCE2 the data symbols are specified in the frequency domain, and then transformed to the time domain by means of an IDFT. At the receiver side, the receiver performs the inverse operation (i.e. DFT). Due to performance and complexity considerations, it is desirable to append a preamble which is equal to the last symbols of the transmitted block (the Cyclic Prefix or CP). The length of the DFT block, the length of the CP and the mapping of symbols to a continuous baseband waveform are important parameters that determine to a large extent the overall system performance, as well as the complexity of the modulator and demodulator chains.
1.2 Reason for change

Some specific parameters of the burst format, including the length of the DFT, CP length, and tail symbols need to be defined. 
1.3 Summary of change

This pCR introduces the lengths of the DFT, the cyclic prefix, specifies a removal of tail symbols for PC EGPRS2 and describes the mapping from symbols to baseband waveform.
2 pCR to 3GPP TR 45.860-v0.1.0
FIRST MODIFIED SECTION
6.2.1 
DFT length

The length of the Discrete Fourier Transform  - DFT – has a direct relation to the computational complexity and also the sub-carrier spacing, which will have impact on performance. 

This sub-clause evaluates different DFT sizes, both in terms of computational complexity and performance.

6.2.1.1 Choice of DFT lengths
At the normal symbol rate, a reasonable choice of 
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, the DFT size, is 
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, since this length yields the same payload and training symbols as EGPRS/EGPRS2-A. Unfortunately 
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 is not a highly composite number since 71 is a prime number. The choice 
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is proposed since 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. Although the sub-carrier spacing for 
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 is a little smaller than for 
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, the difference in performance between the two FFT lengths is negligible.
At the higher symbol rate, a reasonable choice of  
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, which gives the same payload and training symbols as EGPRS2-B.  A more convenient value from the computational point of view is
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. This last value is obtained by the elimination of one training symbol. Although the sub-carrier spacing for 
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 is a little larger than for
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, and even though one training symbol is removed, the difference in performance between the two DFT lengths is negligible. Table 6.2-1 summarizes the lengths of the DFT.
Table 6.2-1 DFT length for PCE2
	Symbol rate
	DFT Length

	Normal
	144

	Higher
	168


6.2.1.2 Performance Evaluation of DFT lengths
Figures 6.2-1 and 6.2-2 show that a DFT 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. 
Simulation assumptions include TX and RX impairments from [3], TSC positioning based on [4] and using an RX bandwidth of 240 kHz and 275 kHz for PCE2-A and PCE2-B respectively. 
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Figure 6.2-1 Performance of PC EGPRS2-A with different DFT lengths
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Figure 6.2-2 Performance of PC EGPRS2-B with different DFT lengths
NEXT MODIFICATION

6.2.2

CP length

A cyclic prefix is needed to mitigate the impact from channel time dispersion, on PC EGPRS2 performance.

This sub-clause evaluates different CP lengths.

6.2.2.1 Choice of CP length
The CP introduces overhead, but also helps reduce the complexity of the demodulator. In order to keep both the duration of the PCE2 time slot, the length of the DFT as in 6.2.1.1 and maintain the guard period as in EGPRS2, the following values are proposed. 
Table 6.2-2  CP length for PCE
	Symbol rate
	CP duration [s]

	Normal
	6*48/13

	Higher
	9*40/13


The proposed duration of the CP covers the time dispersion due to the Tx/Rx filters, as well as the time dispersion found in the most common propagation environments (except for Hilly Terrain). 
NEXT MODIFICATION

6.2.6 Tail Symbols
6.2.6.1 Removal of 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. 
NEXT MODIFICATION

6.2.7 Generation of the Baseband Signal
6.2.7.1 Pulse Shaping and Ramping
At the normal symbol rate, it is possible to increase the size of the DFT from 142 to 144 without increasing the burst duration, without decreasing the length of the CP and without degradation of the link performance. At the higher symbol rate it is not necessary to enlarge the length of the DFT, but it is necessary to cope with the lack of tail symbols. Both tasks can be accomplished by a slight modification of the usual generation of the baseband signal by means of a linear modulator [2].
6.2.7.1.1 Pulse Shaping
The length of the DFT is written in the form 
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is 142 at the normal symbol rate, 168 at the higher symbol rate, and 
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is a small integer (equal to 2 at NSR and 0 at HSR).
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to be the 
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 data and training symbols after precoding and after having appended a CP of 
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symbols and 
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 guard symbols. The guard symbols are 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


[image: image21.wmf]m

j

l

m

e

A

g

2

p

=

, 
[image: image22.wmf]x

£

£

m

1

,
(
[image: image23.wmf]l

 for left)


[image: image24.wmf])

(

2

x

p

-

=

m

j

r

m

e

A

g

, 
[image: image25.wmf]h

x

£

£

+

m

1

. (
[image: image26.wmf]r

 for right)

The positive real numbers 
[image: image27.wmf]l

A

, 
[image: image28.wmf]r

A

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 vector 
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 is pulse shaped using the linearized GMSK filter
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where 
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is the symbol period (in seconds), 
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is the phase, 
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 is the duration of the burst  (in seconds) and 
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Finally, a new baseband signal 
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 is generated by the multiplication 
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 with two ramps. In other words, the desired baseband 
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 signal is given by
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The parameter 
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 determines the duration of the ramping period. 

This pulse shaping method is applied with the parameter values shown in Table 6.2-3 below. 

Table 6.2-3 Parameter Values for Pulse Shaping
	Parameter
	NSR
	HSR
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6.2.7.1.2 Signal Spectrum

With the values of the parameters shown in Table 6.2-3 the EGPRS2 spectrum mask requirement for normal symbol rate is fulfilled, see Figure 6.2-3
[image: image64.png]symbal energy (4]

Eil

Spectrum of transmitted signal

2

[
Frequency [hz]




Figure 6.2-3 Simulated spectrum at the Normal Symbol Rate
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