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Burst format of Improved Precoded EGPRS2 DL
1 Introduction
At GERAN #47, the basic concept and some preliminary evaluations of a new solution for Precoded EGPRS2 DL (PCE2) were presented. By increasing the modulation for the coded user data to one order higher, some sub carriers at the channel edge where the SNR is low can be assigned to the padding symbols. This solution for PCE2 can be called Padded HOM. Zero-padded HOM has been evaluated to show some improvements on the performance of PCE2. 

In this contribution, some further investigation results are presented on burst format of Padded HOM, including training sequence (TS) symbol position and the length of DFT and CP. Some recommendations are given based on the evaluations. Another padding pattern, Repeat-padded HOM ,is also analyzed. The performance of PCE2 is further improved in this way. 
2 TS symbol position 
As PCE2 typically is equalized in the frequency domain it is beneficial to spread the TS symbols over the burst. Hence, the TS symbols are no longer located in the centre of the PCE2 burst. In paper [2], a kind of concentrated training symbol placement is recommended, where the TS symbols are consecutively placed to balance the SNR.
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Figure 1 Transmitter of Padded HOM for PCE2
Since the padding symbols are already used to balance the SNR in Padded HOM, a kind of uniform placement of TS symbols are investigated in this section. In order to simplify the description, the burst format shown in this contribution is given in the format before the Symbol swapping. As illustrated in Figure 1 and analyzed in [1], symbols before the IDFT are swapped to ensure the performance of USF and Header which are located in the middle of the burst. That means, in the burst format shown in this document the symbols which are located in the middle of the burst are mapped to the centre of the signal Bandwidth (BW) and the symbols at the both ends of the burst are mapped to the edge of the signal BW.

The exemplary uniformly placed TS symbol position could be achieved as follows:

· Two TS symbols are assigned to each end of the burst;

· Other TS symbols are evenly placed in the whole burst.
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Figure 2 TS symbol position
For example, as shown in Figure 2, when the IDFT size N=142, two TS symbols are allocated at the symbol index 0 and 141. Other TS symbols are evenly placed in the whole burst according to the TS length. A simple way to implement this can be elaborated below.
The interval of every two TS symbols could be roughly calculated by:

· TS_interval = round((N-2)/(NTS-1))
Where N is the IDFT size and NTS is the TS length.

Thus, the training symbol indices TS_ind are usually calculated by: 

· TS_ind(1) = 0; 

· TS_ind(NTS)=N-1;

· TS_ind(k) = TS_ind(k-1)+ TS_interval, for k=2,3,…,NTS-1.

A small adjustment is needed with some exception when TS symbol position index exceeds the bound of the IDFT size.
With respect to the TS length, it should also be taken into account for PCE2. As we know, the TS symbols are mainly used to estimate the channel property. The wireless channels change both in time and frequency. The frequency coherence shows how quickly it changes in frequency. Coherence bandwidth is the parameter which expresses the frequency coherence. It gives the range of frequencies over which the channel can be considered "flat". Considering the new characteristics of PCE2, the TS length in EGPRS2 may not be suitable for PCE2. Within the coherence bandwidth, optimized TS length can give some extra symbols for other use, such as more padding symbols at the edge of the signal BW with little loss on channel estimation. Some investigations have been done on this aspect.
Table 1
 shows the resulting TS position index with different TS lengths. The TS symbols with shorter length are simply intercepted from the legacy TS symbols. The absolute performance and the relative performance for PCE2-A and PCE2-B with different TS lengths are given in Table 2 and Table 3. The gray cell means no simulation has been done in that scenario. The sign “∕” means 10% BLER cannot be reached in that case. The positive value in Table 3 refers to the performance gain with the shorter TS length compared to the legacy TS length while the negative value means the loss. The detailed figures are given in A.2.
Table 1 TS symbol position index
	level A
	N=142
	TS13
	[0:12:132,141]

	
	
	TS17
	[0:9:135,141]

	
	
	TS21
	[0:7:133,141]

	
	
	TS26
	[0,3,6:6:138,141]

	level B
	N=169
	TS13
	[0:14:154,168]

	
	
	TS18
	[0:10:160,168]

	
	
	TS25
	[0:7:161,168]

	
	
	TS31
	[0,3,6:6:165,168]


Table 2 Absolute performance for Data@10% BLER with different TS lengths
	Coding scheme
	Sensitivity (dB)
	CCI (dB)
	ACI (dB)

	
	
	
	

	
	TS 17
	TS 26
	TS 17
	TS 26
	TS 17
	TS 26

	DAS-5
	9.5
	9.5
	10
	9.7
	-6.3
	-5.5

	DAS-11
	25.3
	25.6
	26.1
	26
	13.5
	14.7

	DAS-12
	39.6
	40
	
	
	
	

	Coding scheme
	Sensitivity (dB)
	CCI (dB)
	ACI (dB)

	
	
	
	

	
	TS 18
	TS 31
	TS 18
	TS 31
	TS 18
	TS 31

	DBS-5
	10.6
	10.4
	11.8
	11.2
	-2.3
	-1.1

	DBS-11
	37.5
	37
	32
	32
	26
	29

	DBS-12
	42.2
	∕
	
	
	
	


Table 3 Performance improvements for Data@10% BLER with different TS lengths
	Coding scheme
	Sensitivity (dB)
	CCI (dB)
	ACI (dB)

	
	
	
	

	
	TS 17
	TS 17
	TS 17

	DAS-5
	0
	-0.3
	0.8

	DAS-11
	0.3
	-0.1
	1.2

	DAS-12
	0.4
	
	

	Coding scheme
	Sensitivity (dB)
	CCI (dB)
	ACI (dB)

	
	
	
	

	
	TS 18
	TS 18
	TS 18

	DBS-5
	-0.2
	-0.6
	1.2

	DBS-11
	-0.5
	0
	3

	DBS-12
	
	
	


It can be seen that the performance of shorter TS length has little impact on the performance in sensitivity and CCI scenario and has up to 3 dB gains for DBS-11 in ACI scenario.
3 DFT and CP length
Highly efficient FFTs are desirable because they result in considerable complexity reductions in both the MS and BTS. In the document [2], FFT size 144 was suggested for the NSR and 168 for HSR. Compared to the normal FFT size 142 and 169, there are 2 symbols increase for NSR and 1 symbol decrease for HSR.

Increased FFT size will result in even narrower sub-carrier bandwidth which may bring some frequency offset sensitivity issues. Since the total duration of the burst is kept intact and it is determined by the guard period, data symbols, CP, training symbols and special symbols (such as padding symbols at the edge of the signal BW). Keeping the guard period, the CP length will be shortened because of increased FFT size, which is not expected especially for large delay spread channel.
According to above considerations, a reasonable choice of FFT size N =140=2*2*5*7 is recommended for NSR. Thus the CP length will be increased from 6 symbols to 8 symbols.
This FFT size can be easily obtained by the elimination of 2(for NSR) or 1(for HSR) padding symbols in Padded HOM. Some evaluations have been performed for the new FFT size. Figure 3 shows that the FFT size of 140 (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.
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Figure 3 Sensitivity performance of different FFT sizes 
Based on the findings the following values are suggested to be used in PCE2. The CP length defined in duration of microseconds is very close for NSR and HSR (with only a difference of 1.8us).
Table 4 FFT sizes and CP length
	Symbol rate
	FFT Size
	CP length [
[image: image4.wmf]m

s]

	Normal
	140
	8*3.69=29.52

	Higher
	168
	9*3.08=27.72


4 Repeat-padded pattern
As described in [1], some padding symbols are allowed with higher order modulation for the same amount of payload. And the padding symbols have different choices. They can be random symbols, zero symbols or repeated data symbols. Previous investigations are focused on zero-padded pattern. In this section some preliminary evaluations have been done for repeat-padded pattern. 
The zero-padded and repeat-padded pattern for DAS-5 is illustrated in Figure 4. It can be clearly seen that user’s data symbols at both ends are repeated with the reverse order on the sub-carriers at the edge of the signal BW. At the receiver the information of these repeated data symbols could be combined together to get some performance improvement.

[image: image5.png]1 2 1314|1516 |17 | 18| 19[ 20| 91 95| 96 | 97 | 98 | 99 | 100[101] 102|103 115 | 116

zero-padded D1|D2[D3|D4[ 05| D6 | DT D81|D82|D83|D84|D85|D86[DST|

repeat-padded | D14 | D13 D2|D1|D1|D2|D3|D4|D5| D6 | D7 D81|D82|D83|Ds4|Dss|Dss|Da7|Da7|Das) D100|D101





Figure 4 Zero-padded and Repeat-padded pattern
Table 5 Absolute performance and improvements for Data@10% BLER,PCE2-A
	Coding scheme
	Sensitivity (dB)
	improvements(dB)

	
	
	

	
	Rp-TS 17
	TS 26
	

	DAS-5
	9.2
	9.5
	0.3

	DAS-11
	24.7
	25.6
	0.9

	DAS-12
	37.8
	40
	2.2


Table 6 Absolute performance and improvements for Data@10% BLER,PCE2-B
	Coding scheme
	Sensitivity (dB)
	improvements(dB)

	
	
	

	
	Rp-TS 18
	TS 31
	Rp-TS 18

	DBS-5
	10.3
	10.4
	0.1

	DBS-11
	33.2
	37
	3.8

	DBS-12
	41
	∕
	


The simulation results for Repeat-padded are collected in Table 5 and Table 6. The detailed performance figures are presented in A.3 and A.4. Since the shorter TS length can have more extra padding symbols for repeat. The gains for repeat-padded pattern with shorter TS length are larger than zero-padded pattern. There are about 1 dB gains for DAS-11.and up to nearly 4 dB gains for DBS-11. 
It should be noted that even for DAS-12 and DBS-12 repeat-padded pattern also can have un-negligible performance improvement without any change of the channel coding.
5 Conclusions

In this contribution, a general method to uniformly allocate TS symbols is introduced. And some evaluations for different TS lengths are presented. Based on the observations, with shorter TS length of 17 and 18 symbols for PCE2-A and PCE2-B the performance could be obviously improved in ACI scenario while in sensitivity and CCI scenarios it could be maintained at the level of TS26 and TS31 case. Hence, it is proposed to take the shorter TS length into account in the SPEED study.
Analyses and evaluations have been done for the DFT size and CP length. The reasonable FFT sizes N=140 and 168 are suggested to be adopted in PCE2-A and PCE2-B.

Repeat-padded pattern is introduced and some significant performance improvements in highest MCS are shown in the sensitivity scenario. The performance of Repeat-padded HOM in other scenarios is left FFS.
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Annex A Performance Evaluation
A.1 Simulation assumptions
Table 7 simulation assumptions
	Parameter
	Value

	Coding Schemes
	DAS5,DAS11,DAS12;

DBS5, DBS11,DBS12

	Channel propagation
	TU3iFH

	Frequency band
	900 MHz

	Noise/Interference
	Sensitivity/CCI, ACI

	Interference modulation
	GMSK

	Tx filter
	Lin GMSK

	Rx filter
	Level A: 270 kHz;

Level B: 325 kHz

	ICI equalizer
	No

	Frames
	5000

	Tx /Rx impairments
	No

	TS position index
	According to 
Table 1


	Cyclic prefix length
	level A: 6
level B: 8


A.2 The performance of Zero-padded HOM with different TS lengths in sensitivity, CCI and ACI limited scenarios
A.2.1  Sensitivity limited scenario
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Figure 5 Sensitivity performance with different TS lengths
A.2.2  CCI interference limited scenario
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Figure 6 CCI performance with different TS lengths
A.2.3  ACI interference limited scenario
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Figure 7 ACI performance with different TS lengths
A.3 The sensitivity performance of Repeat-padded HOM
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Figure 8 DAS-5 sensitivity performance of Repeat-padded pattern
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Figure 9 DAS-11 sensitivity performance of Repeat-padded pattern
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Figure 10 DBS-5 sensitivity performance for of Repeat-padded pattern
[image: image12.emf]DBLER Sensitivity Performance for PCE2,TU3iFH,NoImpairment

0.01

0.1

1

25 30 35 40 45 50

EsN0

BLER

DBS11_TS18 DBS11_TS31 DBS11_RepTS18 DBS11_RepTS31


Figure 11 DBS-11 sensitivity performance for of Repeat-padded pattern
A.4 The performance for DAS-12 and DBS-12 with different TS lengths and Repeat-padded pattern
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Figure 12 DAS-12 sensitivity performance with different TS lengths and Repeat-padded pattern
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Figure 13 DBS-12 sensitivity performance with different TS lengths and Repeat-padded pattern
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