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1 Introduction

A new Study Item SPEED (Signal Precoding Enhancements for EGPRS2 DL) was approved in GERAN #46. And the basic TX/RX architecture and solution for Precoded EGPRS2 (denoted PCE2) were given in [1]. In this contribution, an improved solution of Precoded EGPRS2 is proposed and some preliminary performance evaluations are presented. 
2 Solution Description
2.1 Overview

The solution proposed in this paper is a kind of improvement of PCE2 DL. The basic framework of transmitter and receiver is consistent with the description in [1]. The processing of transmission is depicted in Figure 1.
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Figure 1 Framework of transmitter for Precoded EGPRS2

Channel coding module here includes all parts of processing defined in [2]. After channel coding, the order of coded user data bits in each burst is decided. The burst formatting module intercalates Training Sequence (TS) into the coded user data bits. Symbol mapping module maps coded user data bits and TS to PSK/QAM symbols. Symbol swapping is a new simple module added to achieve the function illustrated in Figure 2. Symbols are swapped to ensure the performance of USF and Header which are located in the middle of the burst. The relationship of symbol position in the burst and corresponding frequency characteristics before and after swapping is depicted in Figure 3. The middle figure is the position of user symbols in a burst (taking DAS-5 as an example). The top and bottom figures show the frequency characteristics before and after swapping respectively. It can be observed that the performance of Header and USF would be heavily degraded if the symbols are not swapped. That would affect the total BLER performance in EGPRS2. Some evaluation results on this aspect are presented in A.3
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Figure 2 Symbol swapping
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Figure 3 Frequency characteristics analyses

2.2 Detailed information
2.2.1 MCS definitions 
It has been discovered that the GSM radio channel typically possesses low pass characteristics. This implies that the SNR varies over the precoded symbols within a burst. Symbols transmitted at the edges of the signal bandwidth (BW) will experience a degraded SNR while symbols in the centre of the BW will benefit from an enhanced SNR. Thus if more user data symbols are centralized in the BW of the burst, the performance could get improved.
One way to achieve this goal is to use higher order modulation for each coding scheme in EGPRS2 Downlink. Currently a defined modulation is selected for each coding scheme in such a way that symbol numbers for the user data just fit for the symbol numbers in the burst. In order to put most user data symbols in the centre of signal BW, one level higher order modulation is used to each coding scheme (e.g. 16QAM instead of 8PSK for DAS-5) so that only a portion of symbols are needed to carry the same amount of user data. Some padding symbols could be arranged at the edges of the signal BW to adapt the total symbol numbers for the burst. The detailed information is shown in Table 1. A diagram depicts the frequency characteristics for the PCE2 in Figure 4. The shadow part of the figure is the position that the padded symbols are located.
Table 1 Proposed relationship of modulations and coding schemes
	Coding scheme
	Legacy modulation
	Proposed modulation
	Legacy useful symbols/Burst
	Proposed useful symbols/Burst
	Proposed padded symbols/Burst

	DAS-5~7
	8PSK
	16QAM
	116
	87
	29

	DAS-8~9
	16QAM
	32QAM
	116
	93
	23

	DAS-10~12
	32QAM
	64QAM
	116
	97
	19

	DBS-5~6
	QPSK
	8PSK
	138
	92
	46

	DBS-7~9
	16QAM
	32QAM
	138
	111
	27

	DBS-10~12
	32QAM
	64QAM
	138
	115
	23
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Figure 4 Frequency characteristics of Precoded EGPRS2
The padding symbols have different choices. They can be random symbols, zero symbols or repeated data symbols. The spectrum characteristics of proposed symbols padded PCE2 are given in section 2.2.3. 
A new symbol mapping, 64QAM, is introduced in this proposal. The constellation is depicted in Figure 5.
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Figure 5 64QAM symbol constellations

2.2.2 Burst formatting
The burst format for NSR and HSR in time domain are shown in Figure 6 and Figure 7. Six or eight CP symbols are introduced to mitigate ISI. The TS symbols are intercalated into the data symbols. Considering the GSM radio channel properties, the TS symbols are proportional spaced and centralized in the burst. The details of TS position are given in the right column of Table 3.
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Figure 6 Burst format for NSR in time domain
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Figure 7 Burst format for HSR in time domain
2.2.3 Spectrum characteristics

Figure 8 illustrates the spectral properties of the proposed symbol padded PCE2 DBS5. Random padded PCE2 and the normal PC EGPRS2 have the same spectral properties, showed in red curve. The spectral property of the zero padded PC EGPRS2, shown in blue curve, has the narrow spectrum width. The network interference condition could benefit from the narrowed spectrum characteristic.
[image: image8.wmf]
Figure 8 Spectrum characteristics
2.2.4 TX/RX impairment

In EGPRS2 the increased inter symbol interference makes the receiver performance more sensitive to impairment. That means the sensitivity of EGPRS2 towards impairments is related to the amount of inter symbol interference experienced by the receiver. In PCE2 the inter symbol interference is eliminated by the IDFT precoder module and the application of the DFT at the receiver. Therefore it is expected that the normal PCE2 and the proposed improved PCE2 would have the similar performance towards the impairment. To simplify the comparison between the two solutions of PCE2, TX/RX impairments are not considered presently in the performance evaluations.

3 Performance Evaluation

Some preliminary simulations are performed to evaluate proposed PCE2 solution. For easy comparison, two solutions for PCE2 are simulated in the same scenario. One solution for normal PCE2 is given in [1], called Solution A; the other is the solution proposed in this paper, called Solution B.
In Solution A, Mixed Mode Modulation is not considered. Blind detection of modulation and PAPR reduction are excluded in the simulations.
The MS algorithms implemented in the simulations are straightforward. No ICI equalizer has been employed, and a simple symbol by symbol detector has been used.
3.1 Simulation assumptions
Table 2 lists the most important simulation assumptions used in these evaluations.

Table 2 Simulation assumptions
	Parameter
	Value

	Coding Schemes
	DAS5,DAS11, DBS5, DBS11 

	Channel propagation
	TU3iFH

	Noise/Interference
	Sensitivity/CCI, ACI

	Interference modulation
	GMSK(CCI)/GMSK(ACI) and PCE2(ACI)

	Tx filter
	Lin GMSK

	Frequency band
	900 MHz

	Frames
	5000

	Tx /Rx impairments
	No

	Cyclic prefix
	level A: 6
level B: 8


The intercalation of the training sequence symbols have been done according to Table 3.

Table 3 Intercalation of TS symbols.

	EGPRS2 level
	Solution A TS pos.
	Solution B TS pos.

	Level A, 

IDFT size 142
	[4,13,22,31,40,49,58,65:70,73:78, 85, 94, 103, 112, 121, 130, 139]; 
	[9,14,19,24,29,34,39,44,49,54,59,64,69,74,79,84,89,94,99,104,109,114,119,124,129,134]

	Level B,
IDFT size 169
	[3,12,21,30,39,48,57,66,75,78:90,93,102,111,120,129,138,147,156,165]
	[10,15,20,25,30,35,40,45,50,55,60,65,70,75,80,85,90,95,100,105,110,115,120,125,130,135,140,145,150,155,160]

	Note: the index of the position starts at 1.


3.2 Simulation results

All the simulation figures are given in Annex A. The collected results are shown in Table 4. And the gains of Solution B are depicted in Table 5.
Table 4 performance of Solution A and Solution B@DBLER=10%
	
	Coding scheme
	Modulation
	Sensitivity
	Single-Interference

	
	
	
	
	

	
	
	
	
	CCI/GMSK
	ACI/GMSK
	ACI/PCE

	Solution A
	DAS-5
	8PSK
	12 dB
	10.5 dB
	3 dB
	3.5 dB

	
	DAS-11
	32QAM
	28 dB
	26.3 dB
	21.5 dB
	21.7 dB

	
	DBS-5
	QPSK
	14.1 dB
	11.5 dB
	10.5 dB
	11 dB

	
	DBS-11
	32QAM
	50 dB
	39 dB
	48 dB
	49 dB

	Solution B
	DAS-5
	16QAM
	9.5 dB
	9.5 dB
	-5 dB
	-8 dB

	
	DAS-11
	64QAM
	26.3 dB
	26.3 dB
	16.5 dB
	16 dB

	
	DBS-5
	8PSK
	10.5 dB
	11 dB
	-0.2 dB
	-0.5 dB

	
	DBS-11
	64QAM
	36.5 dB
	32.6 dB
	31.5 dB
	33.5 dB


Table 5 performance gains for Solution B to Solution A@DBLER=10%

	
	Coding scheme
	Sensitivity
	Single-Interference

	
	
	
	

	
	
	
	CCI
	ACI/GMSK
	ACI/PCE

	Solution B gains
	DAS-5
	2.5 dB
	1 dB
	8 dB
	11.5 dB

	
	DAS-11
	1.7 dB
	0 dB
	5 dB
	5.7 dB

	
	DBS-5
	3.6 dB
	0.5 dB
	10.7 dB
	11.5 dB

	
	DBS-11
	13.5 dB
	6.4 dB
	16.5 dB
	15.5 dB


The gains of the Solution B benefit from the protected function of the padded symbols and the narrowed spectrum bandwidth shown in Figure 8.

4 Discussion
Mix mode modulation is another improvement of normal PCE2. The higher and lower modulations are mixed within a burst in MMM solution. It is expected to define the switch point of different level modulation in a burst. Relatively only one kind of modulation is used for each coding scheme in proposed symbol padded PCE2. The complexity of proposed improved PCE2 solution in burst formatting and symbol mapping module is less than the MMM solution.
5 Conclusions
The proposal given in this paper improves the performance of Precoded EGPRS2 both in sensitivity and interference limited scenarios, especially in ACI performance.
It is suggested to take the solution proposed into account in the study of Precoded EGPRS2.
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Annex A Simulation figures
A.1 Sensitivity limited scenario
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Figure 9 Sensitivity performance for Solution A and B
A.2 Interference limited scenario
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Figure 10 CCI performance for Solution A and B
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Figure 11 GMSK modulated ACI performance for Solution A and B
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Figure 12 PCE modulated ACI performance for Solution A and B
A.3 Header and Data performance w/o Symbols swapping
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Figure 13 Data and Header BLER performance without Symbol swapping
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Figure 14 Data and Header BLER performance with Symbols swapping
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