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Pseudo CR to TR 45.860 on Burst format of Padded HOM
1 Introduction
1.1 Background Information
Burst format design is one of the important items which shall be evaluated in PCE2. The concept of Padded HOM and corresponding enhancements are regarded as effective solution for PCE2. This Pseudo CR proposes to include the latest findings on Padded HOM into the SPEED TR 45.860.
1.2 Reason for change
The purpose of this pCR is to describe the concept of the Padded HOM and show various applications based on this concept. This pCR also presents performance evaluations on burst format of Padded HOM.

1.3 Summary of change
This pCR introduce the concept of Padded HOM for PCE2. Zero-padded and Repeat-padded pattern are described as different application based on the concept. The DFT length, CP length, TSC symbol position, Mapping of block fields and Modulation scheme are all included.
2 pCR to 3GPP TR 45.860
********************************* First change *************************************
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.

6.2.1.2 DFT length for Padded HOM
6.2.1.2.1 Principle of DFT length choices
For the normal case, the DFT size is determined primarily by the number of user data symbols, the number of training symbols and some special symbols (such as padding symbols at the edge of the signal BW). Considering the efficient of DFT algorithm and the impact on other parts, the final DFT length should be carefully designed. 

At the normal symbol rate, a common choice of N, the DFT size, is N = 142 = 116+26=2*71. Unfortunately N is not a highly composite number since 71 is a prime number, which will result in high algorithm complexity both in BTS and MS. So is the N=169=138+31=13*13 at the higher symbol rate.

A good way to achieve highly efficient DFT is to find a number which is highly composite number with the small prime numbers, such as 2,3,5,7. At the same time, the change of the DFT size would have little impact on the functionality of other parts of burst and the performance. The DFT sizes, N = 140 = 2*2*5*7 and N = 144 =2*2*2*2*3*3 are both candidates at the normal symbol rate. Compared to DFT size N = 142 the increased DFT size N = 144 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 other special symbols (if exists), if keeping the guard period, the CP length will be shortened because of the increased DFT size. It is not expected especially for the large delay spread channel. At the higher symbol rate, the DFT size N=168=2*2*2*3*7 is an appropriate highly composite number close to 169.

According to above considerations, a reasonable choice of DFT size N =140=2*2*5*7 is recommended for NSR and N =168=2*2*2*3*7 for HSR, shown in Table 6.2.1.2-1. This DFT size can be easily obtained by removing 2(for NSR) or 1(for HSR) padding symbols in Padded HOM (reference to the section 6.2.5.2).
Table 6.2.1.2-1 DFT sizes for PCE2

	Symbol rate
	DFT Size

	NSR
	140

	HSR
	168


6.2.1.2.2 Performance evaluations for the DFT length

Figure 6.2.1.2-1 shows that the DFT size of 140 (for NSR) and 168 for HSR can be adopted without link performance losses compared to the DFT sizes 142 and 169 respectively. The simulation assumptions are depicted in Table 6.2.1.2-4.
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Figure 6.2.1.2 -1 Sensitivity performance with different DFT sizes
********************************* End of First change *******************************
********************************* Second change *************************************
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.
6.2.2.2 Choice of CP length for Padded HOM
In order to keep the duration of the burst intact and maintain the guard period, the CP length will be increased from 6 symbols to 8 symbols when the DFT size is decreased from 142 to 140, as described in section 6.2.1.2.1. The CP length defined in duration of microseconds, given in Table 6.2.2.2-1, is very close for NSR and HSR (with only a difference of 1.8us).
Table 6.2.2.2-1 CP length for PCE2

	Symbol rate
	CP length [
[image: image2.wmf]m

s]

	NSR
	8*3.69=29.52

	HSR
	9*3.08=27.72


********************************* End of Second change *******************************

********************************* Third change ***************************************
6.2.3 TSC symbol position

This sub-clause evaluates different positioning of the training symbols for improved performance.
6.2.3.2 TS symbol position for Padded HOM

6.2.3.2.1 Principle of TS symbol position generation

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 section is given in the format before the Symbol swapping. As illustrated 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 here 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 6.2.3.2-1 TS symbol position

For example, as shown in Figure 6.2.3.2-1, when the DFT 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 DFT size and NTS is the TS length.

Hence, 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 DFT 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 which can bring some performance improvement with little loss on channel estimation.
Table 6.2.3.2-1 shows the resulting TS position index with different TS lengths according to the principle described above. 

Table 6.2.3.2-1 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]


6.2.3.2.1 Performance evaluations
Some performance evaluations have been carried out on TS symbol position with different TS lengths. The simulation assumptions are shown in Table 6.2.3.2-2
Table 6.2.3.2-2 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 6.2-3

	Cyclic prefix length
	level A: 6
level B: 8
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Figure 6.2.3.2-2 Sensitivity performance with different TS lengths
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Figure 6.2.3.2-3 CCI performance with different TS lengths
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Figure 6.2.3.2-4 ACI performance with different TS lengths
Table 6.2.3.2-3 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 6.2.3.2-4 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
	
	
	


In these evaluations, the TS symbols with shorter length are simply intercepted from the legacy TS symbols. The detailed figures are given in Figure 6.2.3.2-2,3,4.The absolute performance and the relative performance for PCE2-A and PCE2-B with different TS lengths are given in Table 6.2.3.2-3 and Table 6.2.3.2-4 .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 6.2.3.2-4 refers to the performance gain with the shorter TS length compared to the legacy TS length while the negative value means the loss. 

It can be seen that the performance of shorter TS length has little impact on the performance in sensitivity and CCI scenario and has about 1 dB gain for DAS-5, DAS-11 and DBS-5 and up to 3 dB gains for DBS-11 in ACI scenario.
********************************* End of Third change *******************************
********************************* Fourth change *************************************
6.2.4 Mapping of block fields

The optimal position of Data, Header, USF and SF fields in EGPRS2 and PC EGPRS2 is not necessary identical.

This sub-clause evaluates different placements of the burst fields to i) Ensure similar performance as EGPRS2 USF reception and ii) Ensure incremental redundancy performance of Precoded EGPRS2.

6.2.4.2 Block mapping for Padded HOM
The transmitter of Padded HOM for PCE2 is illustrated in Figure 6.2.4.2-1.
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Figure 6.2.4.2-1 Transmitter for Precoded EGPRS2

Channel coding module here includes all parts of processing (including mapping on a burst subsection) defined in TS45.003. 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 bits to PSK/QAM symbols. Symbol swapping is a new simple module added to achieve the function illustrated in Figure 6.2.4.2-2. 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 Symbol swapping is depicted in Figure 6.2.4.2-3. 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 Symbol swapping respectively. It can be observed that the performance of Header and USF will be heavily degraded if the symbols are not swapped. That would affect the total BLER performance in PCE2. 
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Figure 6.2.4.2-2 Symbol swapping
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Figure 6.2.4.2-3 Frequency characteristics analyses

Thus the block mapping (including Data, Header, USF and SF fields but excluding the TS) before the Symbol swapping for each coding scheme is kept intact with the legacy EGPRS2 with only several padding symbols bits are added at both ends of the burst. The numbers of padding symbols are depicted in Table 6.2.5.2-1. For example, the burst format with different padding pattern of DAS-5 in symbols is shown in Figure 6.2.5.2.
It should be noted that this is the simple way to mapping each block of the coded user data to the burst.
********************************* End of Fourth change *******************************
********************************* Fifth change *************************************
6.2.5 Modulation scheme

The introduction of the precoder module allows for different mapping of the encoded bits onto modulation symbols.

This sub-clause contains evaluation of different mappings of bits to modulation symbols in the burst.

6.2.5.2 Padded HOM
6.2.5.2.1 Concept

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. This kind of modulation scheme can be called Padded HOM. The detailed information is shown in Table 6.2.5.2-1. A diagram depicts the frequency characteristics for the PCE2 in Figure 6.2.5.2-1. The shadow part of the figure is the position that the padding symbols are located.
Table 6.2.5.2-1 Relationship of modulations and coding schemes in Padded HOM

	Coding scheme
	Legacy modulation
	Proposed modulation
	Legacy user data symbols/Burst
	Proposed 
User.data symbols/Burst
	Proposed padding 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 6.2.5.2-1 Frequency characteristics of Precoded EGPRS2

The padding symbols have different choices. They can be random symbols, zero symbols or repeated data symbols. 
6.2.5.2.2 Zero-padded and Repeat-padded pattern

As described in 6.2.5.2.1, padding symbols for Padded HOM have different choices. The zero-padded and repeat-padded patterns are two kinds of padding pattern. For example, DAS-5 with these two padding pattern is illustrated in Figure 6.2.5.2-2.
The gray symbols shown in zero-padded pattern means the padding symbols at the edge of the signal BW is null. No specific symbols are transmitted there.
In repeat-padded pattern, 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 further performance improvement.
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Figure 6.2.5.2-2 Zero-padded and Repeat-padded pattern
6.2.5.2.3 Performance evaluations

The simulation assumptions are shown in Table 6.2.3.2-2.
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Figure 6.2.5.2-3 Zero-padded and Repeat-padded pattern sensitivity performance
Table 6.2.5.2-2 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 6.2.5.2-3 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 6.2.5.2-2 and Table 6.2.5.2-3. The detailed performance figures are presented in Figure 6.2.5.2-3. 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.
********************************* End of Fifth change *******************************
3 References
[1] GP-101431, “Improved Precoded EGPRS2 DL (update of GP-101289)”, source Huawei Technologies Co., Ltd., TSG GERAN #47.
[2] GP-101770, “Burst format of Improved Precoded EGPRS2 DL”, source Huawei Technologies Co., Ltd., TSG GERAN #48
1
1

_1344348410.vsd
Burst format for NSR at Point A


Burst format for NSR at Point B



_1344408081.vsd
�

拖动侧边手柄可更改文本块的宽度。�

拖动侧边手柄可更改文本块的宽度。�

Symbol swapping


Channel coding


Burst formatting


Symbol mapping


IDFT


CP


Tx Pulse shaping


user data bits


Amplify and up-mix


coded user data bits


Precoder


B�

A�

C



_1343736241.vsd
�

�

TX Pulse Shaping



_1344345665.vsd
Data


Header


USF


SB



_1329545188.unknown

