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DAS-12b and DBS-12b Burst Formatting
1 Introduction
In [2], the Mixed Mode Modulation (MMM) is proposed as a way to combat the non-constant sub carrier power experienced in a Precoded EGPRS2 (PCE2) burst. Preliminary results has show that the throughput can be increased by applying a mix of lower order modulated symbols at low power sub carriers and higher order modulated symbols at high power sub carriers, instead of using a single mode modulation over the entire burst.

In the scope of the study item for SPEED, [4], a re-design of the highest MCSs of each EGPRS2 set is foreseen.

This contribution focuses on finding the best MMM combination for DAS-12b and DBS-12b. It is evaluated together with header bit swapping and shifting as described in [6], to guarantee the header performance.

2 Burst formatting for DAS-12b and DBS-12b

2.1 Mixed mode modulation
DAS-12b and DBS-12b was introduced in [1] as a replacement for DAS-12 and DBS-12 MCSs for EGPRS2-A and EGPRS2-B respectively. Both MCSs were designed to use 64QAM modulation over the whole burst. 

To use MMM for DAS-12b and DBS-12b, one option is to maintain the burst size introduced in [1] and include 128QAM and higher order modulations together with 64QAM and lower order modulations. However, since 128QAM, and higher order modulated symbols are very sensitive to frequency offset and other impairments, these are excluded from the scope of this evaluation.
Instead the approach chosen is to alter the burst size and use MMM consisting of modulations from BPSK to 64QAM. 

Due to the low-pass property of the GSM radio channel, the MMM sequence over the right half burst can be denoted as:
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The MMM sequence for the left half burst is obtained as the reverse of the right sequence. 

2.2 Design criteria

The following restrictions are used as the baseline for the MMM design, where DAS-12b/DBS-12b with MMM is denoted DAS-12b-mmm/DBS-12b-mmm):

· DAS-12b-mmm and DBS-12b-mmm uses the same Header, USF and SF definitions as DAS-12 (and DAS-12b) and DBS-12 (and DBS-12b) respectively;

· DAS-12b-mmm carries a payload of 3x82 octets;

· DBS-12b-mmm carries a payload of 4x74 octets.

It has been assumed that the DAS-12b-mmm and DBS-12b-mmm shall satisfy:

Number of symbols in the burst
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for DAS-12b-mmm, and 
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for DBS-12b-mmm.

Number of bits in the burst
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for DBS-12b-mmm. 

* Note that some additional restrictions will apply as described in 3.2
2.3 Header bit swapping and shifting
In PCE2, the header bits, which are placed near the centre of the burst, are the parts that are suppressed the most by the low-pass GSM radio channel. To ensure the performance of the header, a header bit swapping, which swaps header bits at weak positions with data bits at strong positions, and shifting, that circularly shifts each half burst so that part of, or all, header bits end up at higher SNR region, are evaluated together with MMM. 
The design parameters to be determined are:

· Whether to use header bit swap;

· Shift value. 
2.4 Objective

To summarize, the objective of the evaluation is to find an optimal combination of MMM, header bit swapper flag, and shift for DAS-12b and DBS-12b that secures the header performance, meanwhile provide as good data performance as possible.
3 Method

3.1 Basic settings

Basic DAS-12b and DBS-12b performance, without MMM, header bit swapper and shifting is used as reference in the evaluation. 

For a fair comparison, the following assumptions are used:

· All MCSs uses the same puncturing mechanism, which transmits all systematic bits, and puncture the remaining bits in a random way;

· All MCSs uses the same interleaver. Interleaver type 1 and 2, designed according to 45.003  chapter 5.1a.2 are used (an interleaving depth a=97 was used);

· All MCSs uses the same straightforward bit mapping as defined in 3GPP TS45.003, [5]:
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where ‘L’ denotes for left half burst, ‘R’ denotes for right half burst and ‘D’ denotes data and ‘H’ header. 

The selection of burst format, including MMM, header bit swapper and shifting is based on performance simulated in a sensitivity limited scenario given a TU50nFH channel. The performance of the best found burst format for DAS-12b and DBS-12b is then verified in other propagation models and interference scenarios. 

3.2 MMM Evaluation
Based on the relative performance of header and data for DAS-12b and DBS-12b, it is assumed that either header bit swapping or shifting, or both, is needed to secure header performance. As both functionalities will move part of data bits from strong positions with high signal strength to weak positions with lower signal strength it is desirable to have a MMM that guarantees the robustness for data over the low SNR region. 

To achieve this it has been assumed that the header/SF and USF are all placed on strong sub carrier positions in the burst, assumed to be using 64QAM modulation, as shown in Figure 1.


[image: image7]
Figure 1. Burst formatting used in MMM optimization.

Thus, the MMM is evaluated given the burst format:
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In this way, the data bits are placed at the worst positions in terms of sub carrier power and thus will be impacted by a change of modulation. 

A MMM that provides the best data performance therefore is the most robust over the whole burst, especially over lower SNR region.

3.3 Selection of MMM together with header bit swapper and shifter

First step

For PCE2A the MMM performance was evaluated for each number of bits per half burst, i.e. A, in the array [58*5:9:58*6]. For PCE2B the MMM performance was evaluated for each number of bits per half burst, e.g. B, in the array [69*5:8:69*6]. 
In this evaluation the burst format described in section 3.2 was used.

Second step

Based on the first investigation a limited set of modulation mixes are used, where the use of header bit swap and shift are evaluated. The best burst format for DAS-12b and DBS-12b is then selected as the one that keeps the relative performance between header and data BLER (using non-precoded DAS-12 and DBS-11 as a reference), meanwhile achieves as good data performance as possible. 
In this evaluation the burst format described in section 3.1 was used.

4 Simulation results

4.1 Simulation settings

Table 1 lists the common simulation assumptions in the evaluation.

	Parameter
	Value

	MCSs
	DAS-12b-mmm, 

DBS-12b-mmm

	TSC placement
	According to [7]

	Burst length
	According to [8]

	CP length
	PCE2A: 6

PCE2B: 9

	RX BW
	PCE2A: 240kHz
PCE2B: 275kHz

	Channel propagation
	TU50nFH, HT100nFH, RA250nFH

	Interference
	AWGN, CO, DTS-2 modified [2] 

	Tx filter
	Lin GMSK

	ICI Suppression
	No

	Frequency band
	900 MHz

	Frames
	5000

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [deegrees]

  - DC offset [dB]

  - Frequency error [Hz]
	Tx/Rx
0.8/1.2           

0.1/0.2           

0.2/2.0           

-45/-40          

-/25           


Table 1: Simulation assumptions.
4.2 Simulation Results
4.2.1 Initial limitation of MMM combinations

For DAS-12b-mmm five MMM combinations showed similar performance in the first step evaluation:

· [57 0 0 0 1 0]
· [55 2 1 0 0 0]
· [56 1 0 1 0 0]
· [54 4 0 0 0 0]
· [51 7 0 0 0 0].

For DBS-12b-mmm the MMM combination

· [69 0 0 0 0 0]

showed best result. This combination corresponds to the single-mode-modulated DBS-12b.

Interleaver type 1 outperforms interleaver type 2 for the selected MMM combinations.
Table 2 lists the burst format of DAS-12b and DBS-12b selected for further evaluation.

	MMM 

combination
	Header Bit 

swapper flag
	Shift

	[58 0 0 0 0 0]
	On/off
	0:10:150

	[57 0 0 0 1 0]
	On/off
	0:10:150

	[55 2 1 0 0 0]
	On/off
	0:10:150

	 [56 1 0 1 0 0]
	On/off
	0:10:150

	[54 4 0 0 0 0]
	On/off
	0:10:150

	[51 7 0 0 0 0]
	On/off
	0:10:150


a: DAS-12b-mmm used for evaluation.

	MMM 

combination
	Header Bit 

swapper flag
	Shift

	[69 0 0 0 0 0]
	On/off
	0:10:150


b: DBS-12b-mmm used for evaluation.
Table 2: Burst format evaluated for DAS-12b and DBS-12b.
4.2.2 Performance of optimized MMM combination
Evaluations according to 3.3 (second step evaluation) shows that the combination of header bit swapping and shifting (50 for DAS-12b and 0 for DBS-12b) guarantees the relative performance between header and data for DAS-12b and DBS-12b (consider header BLER at 1% and data BLER at 50% to avoid error floor). For DAS-12b, the best MMM combination is [56 1 0 1 0 0]; for DBS-12b, the best MMM combination is [69 0 0 0 0 0], which corresponds to single mode modulation.

Simulation results are listed in Table 3 and Table 4. 

	 
	 
	                      Data BLER  @ 10% 
	 
	 
	 

	MCS
	Intf. Scen.
	No bitswap/shifting & 

no MMM
	 With bitswap and shifting
	With bitswap, shifting &

Opt MMM

	 
	 
	TU50nFH
	HT100nFH
	TU50nFH
	HT100nFH
	Tu50nFH
	HT100nFH

	 
	CO
	26,5
	27,3*
	26,9
	29,5*
	26,4
	    27,5*

	DAS-12b
	DTS-2
	28,1
	28,8*
	28,9
	31,5*
	28,2
	  29,5*

	 
	AWGN
	27,7
	28,7*
	28,8
	31,6*
	27,9
	   29,3*

	 
	CO
	26,6
	
	27,1
	
	27,1
	

	DBS-12b
	DTS-2
	30,0
	
	31,2
	
	31,2
	

	 
	AWGN
	28,4
	
	30,0
	
	30,0
	


*Data bler@30% for HT100nFH;

a). Data performance.

	 
	 
	                      Header BLER @ 1%
	 
	 

	MCS
	Intf. 
Scen.
	No bitswap/shifting & 
no MMM
	 With bitswap and
shifting
	With bitswap, shifting &
Opt MMM

	 
	 
	TU50nFH
	HT100nFH
	TU50nFH
	HT100nFH
	Tu50nFH
	HT100nFH

	 
	CO
	17,4
	21
	13,3
	13,0
	13,1
	12,8

	DAS-12b
	DTS-2
	24,7
	27,4
	15,0
	14
	15,2
	14

	 
	AWGN
	26,5
	28,3
	12,4
	12,0
	12,5
	11,8

	 
	CO
	18,5
	
	14,6
	
	14,6
	

	DBS-12b
	DTS-2
	31,9
	
	17,4
	
	17,4
	

	 
	AWGN
	31,2
	
	14,3
	
	14,3
	


b). Header performance.

Table 3: Absolute Performance with/without optimal burst format.

	 
	 
	Data improvements(dB)
	Header improvements(dB)

	MCS
	Intf. Scen.
	With bitswap, shifting &
Opt MMM
	With bitswap, shifting & 

Opt MMM

	 
	 
	TU50nFH
	HT100nFH
	TU50nFH
	HT100nFH

	DAS-12b
	CO
	0,1
	-0,2
	4,3
	8,2

	 
	DTS-2
	-0,1
	-0,7
	9,5
	13,4

	 
	AWGN
	-0,2
	-0,6
	14,0
	16,5

	DBS-12B
	CO
	-0,5
	
	3,9
	

	 
	DTS-2
	-1,2
	
	14,5
	

	 
	AWGN
	-1,6
	
	16,9
	


Table 4: Relative performance using optimal burst formatting, comparing with DAS-12b/DBS-12b no bitswap & no MMM.

5 Conclusions

This contribution evaluates the best burst format for DAS-12b and DBS-12b, including aspects of mixed mode modulation, header bit swapping and shifting. 

It is shown that for DAS-12b, the best burst format is MMM [56 1 0 1 0 0], header bit swapping and shifting of 50 bits, which guarantees the header performance, at the expense of slightly degraded data performance comparing with a single mode modulated DAS-12b (using no MMM, header swap or shift). 

For DBS-12b, the best burst format is single mode modulation with header bit swapping and no shifting. A relatively larger degradation was seen for the data performance with the use of the header bit swapper and shifter while the header is improved up to 17 dB.

It should be noted that the puncturer and interleaver needs to be optimized according to method presented in [3], for the optimized DAS-12b and DBS-12b. Further, the impact on decoding from the combination of soft bits from different modulations has not been investigated.

6 References

[1] GP-100918, “Precoded EGPRS2 Downlink”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#46.
[2] GP-101847, “Mixed Mode Modulation”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#48..

[3] GP-101348, “DAS-12b and DBS-12b Puncturing and Interleaving”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#47.

[4] GP-101088, “Study Item on Signal Precoding Enhancements of EGPRS2 DL”, source Telefon AB LM Ericsson, ST-Ericsson SA, Telecom Italia S.p.A., Vodafone Group Plc., China Mobile Com. Corp., ZTE Corporation, Huawei Technologies Co. Ltd.

[5] 3GPP TS45.003-v8.1.0, “Channel coding”

[6] GP-101850, “Burst mapping of PCE2”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#48.
[7] GP-101350, “Training symbol placements in Precoded EGPRS2 DL”, GERAN#47, source Telefon AB LM Ericsson, ST-Ericsson.
[8] GP-101349, “Aspects of burst formatting of Precoded EGPRS2 DL”, GERAN#47, source Telefon AB LM Ericsson, ST-Ericsson SA.



























































































































































































































































































































Modulation mixes allowed





Modulation mixes allowed





64QAM





64QAM





USF





SF





Header





Data








1(7)
7(7)

_1349444458.unknown

_1349556008.unknown

_1349590583.unknown

_1349591059.unknown

_1349587968.unknown

_1349446567.unknown

_1349444426.unknown

