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MCS re-design for DAS-12 and DBS-12
1 Introduction

The highest MCS DAS-12 and DBS-12 is allowed to be re-designed to get much more gains for SPEED. In [1]
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[2], the channel coding and the burst format of the new MCS DAS-12b and DBS-12b were given. In this contribution the design criteria of another new MCS DAS-12c and DBS-12c are provided. Some performance evaluation and comparison between DAS/DBS-12b and DAS/DBS-12c are also presented.
2 Design criteria
2.1 Assumptions
a) 64QAM modulation is introduced for the new MCS DAS-12c and DBS-12c.
b) The sizes of the payload of DAS-12c and DBS-12c are kept the same as the DAS-12 and DBS-12 respectively to keep the RLC/MAC block intact.

c) DAS-12c and DBS-12c use the same Header, USF and SF definitions as DAS-12 and DBS-12, respectively.
d) The length of the Training Sequence could be different from DAS-12 and DBS-12.
e) The mother code and rate matching algorithms are kept the same as EGPRS2 described in TS 45.003 chapter 5.1a.1.3. The interleaver Type1 defined in TS45.003 5.1a.2.1 is used in this study.
Therefore the design of the puncturing and interleaving algorithms is limited to determine the rate matching parameter swap and the interleaver parameter a.
2.2 Steps of the new MCS design
Based on the assumptions stated above, the steps of designing the new MCS are shown as follows:

1) Select initial best guess value of parameter swap
2) Choose a set of TS length and the TS position according to the principle described in [5]
3) Simulate RV1 (redundancy version 1) Data BLER performance over the range of feasible a values according to each TS length, and select a best parameter value a. 
4) Evaluate the performance of each TS length with corresponding best value a in different propagations, select the best choice of TS length, the corresponding parameter a is decided also. 
5) Optimize the burst format to get good Data and Header relative performance.

6) Simulate (RV1+RV2) and (RV1+RV2+RV3) IR Data BLER performance to get final best choice of parameter swap, and verify the choice of other parameters, i.e. TS length and parameter a.
It should be noted that the step 6) is not performed in the following detail design yet. This kind of optimization is FFS.
3 Puncturing and interleaving design

Based on the findings in [1], the RV1 performances are very similar within a certain range of parameter swap. Thus the puncturing parameter swap = 0% is selected as the initial best guess value. That means all the systematic bits are transmitted at first transmission. 
The range of feasible parameter a is related to the total number of data bits to be interleaved. Due to the length of Training Sequence (TS) is altered in this study, the total number of data bits involved varies according to different TS lengths. Furthermore the coding of Header, USF and SF is kept the same as EGPRS2. The final data bits of DAS-12c and DBS-12c in a burst could be calculated as the lists in Table 1 and Table 2.
Table 1 DAS-12c, the coded data bits in a burst with different TS lengths
	Total Symbols in a Burst
	140

	Total Bits in a Burst
	840=140*6  ( 1 symbol has 6 bits in 64QAM )

	the number of TS Symbols in a Burst
	25
	21
	19
	17
	15
	14
	13
	12
	11
	10
	9
	8

	The number of TS Bits in a Burst
	150
	126
	114
	102
	90
	84
	78
	72
	66
	60
	54
	48

	The number of coded Header+USF+SF Bits in a Burst
	55

	The number of coded Data Bits in a Burst
	635
	659
	671
	683
	695
	701
	707
	713
	719
	725
	731
	737


Table 2 DBS-12c, the coded data bits in a burst with different TS lengths
	Total Symbols in a Burst
	168


	Total Bits in a Burst
	1008=168*6  ( 1 symbol has 6 bits in 64QAM )

	The number of TS Symbols in a Burst
	29
	25
	22
	20
	18
	17
	15
	14
	13
	12
	11
	10

	The number of TS Bits in a Burst
	174
	150
	132
	120
	108
	102
	90
	84
	78
	72
	66
	60

	The number of coded Header+USF+SF Bits in a Burst
	70

	The number of coded Data Bits in a Burst
	764
	788
	806
	818
	830
	836
	848
	854
	860
	866
	872
	878


The range of parameter a is decided by the calculated data bits in a burst. DAS/DBS-12c RV1 Data BLER performances are evaluated over the range of feasible a value at a fix Es/N0, given the swap of 0%. At last the parameter a value is selected at which the best performance is achieved. The TS length and corresponding selected a value are given in Table 3 and Table 4.
Table 3 DAS-12c parameter a selected with different TS lengths
	TS length
	25
	21
	19
	17
	15
	14
	13
	12
	11
	10
	9
	8

	selected a 
	236
	499
	272
	516
	138
	131
	520
	622
	373
	409
	213
	736


Table 4 DBS-12c parameter a selected with different TS lengths
	TS length
	29
	25
	22
	20
	18
	17
	15
	14
	13
	12
	11
	10

	selected a 
	298
	178
	232
	294
	106
	106
	186
	382
	98
	106
	138
	780


4 Choice of the Training Sequence length
The RV1 Data BLER performances with different TS lengths under the selected parameter a are evaluated in the propagation TU3iFH, TU50noFH, HT100noFH, RA250noFH for sensitivity scenario and TU3iFH for Co-channel and Adj-channel interference scenarios. After comprehensive comparison between all the scenarios the TS length 12 symbols for DAS-12c and 13 symbols for DBS-12c are selected.
5 Burst format design
The method of burst format design described in [3] is considered in this study. Burst shift and bit swapper are utilized in searching the best burst format. Based on the performance evaluations, it is shown that the best burst format for DAS-12c is header bit swapping and shifting of 88 bits. And the best format for DBS-12c is header bit swapping and shifting of 45 bits.
6 Performance Evaluation

The new channel coding DAS/DBS-12b proposed in [1]
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[2] and DAS/DBS-12c proposed in this paper are evaluated with the same receiver architecture. The specific and common simulation assumptions are listed in Table 5. The burst formats and coding parameters of the new channel coding are depicted in Table 6 and Table 7.
The IDFT length of DAS-12b is not strictly followed. This change of the design is minimal and should not have impact on performance. The MMM is not considered in this evaluation.
6.1 Simulation assumptions
Table 5 Simulation assumptions
	Parameter
	Value

	
	DAS/DBS-12b
	DAS/DBS-12c

	IDFT length
	PCE2A: 142
PCE2B:168
	PCE2A: 140
PCE2B:168

	CP length
	PCE2A: 6
PCE2B: 9
	PCE2A: 8
PCE2B: 9

	TSC length
	PCE2A: 26
PCE2B: 30
	PCE2A: 12
PCE2B: 13

	TSC placement
	According to [4]
	According to [5]

	RX BW
	PCE2A:270kHz
PCE2B:325kHz

	ICI Suppression
	No

	Backoff
	No

	Channel propagation
	TU3iFH, TU50noFH

	Interference
	AWGN, CO (GMSK), ADJ (GMSK)

	Frequency band
	900 MHz

	Frames
	5000

	PAPR reduction
	No

	Tx/Rx impairments
	No


Table 6 Burst format for DAS/DBS-12b and DAS/DBS-12c
	MCS
	Bit swapper
	Burst shift bits

	DAS-12b
	on
	50

	DBS-12b
	on
	0

	DAS-12c
	on
	88

	DBS-12c
	on
	54


Table 7 Rate matching and interleaving parameters for DAS/DBS-12b and DAS/DBS-12c

	MCS
	swap
	a

	DAS-12b
	10%
	103

	DBS-12b
	0%
	691

	DAS-12c
	0%
	622

	DBS-12c
	0%
	98


6.2 Results
	Table 8 Data BLER performance of DAS/DBS-12b and DAS/DBS-12c
　
	　
	          Data BLER  @ 10% [dB]

	MCS
	Intf. Scen.
	DAS/DBS-12b
	DAS/DBS-12c

	
	
	TU3iFH
	TU50nFH
	TU3iFH
	TU50nFH

	DAS-12
	AWGN
	27.1
	29.3
	25.6
	27.05

	
	CO
	27.1
	29.5
	25
	26.95

	
	ADJ
	18.42
	20.85
	17.25
	19.35

	DBS-12
	AWGN
	29.83
	33.95
	27.75
	29.48

	
	CO
	29.2
	34.15
	26.7
	28.9

	
	ADJ
	24.8
	29.28
	23.05
	25.7


Table 9 Header BLER performance of DAS/DBS-12b and DAS/DBS-12c
	　
	　
	          Header BLER  @ 10% [dB]

	MCS
	Intf. Scen.
	DAS/DBS-12b
	DAS/DBS-12c

	
	
	TU3iFH
	TU50nFH
	TU3iFH
	TU50nFH

	DAS-12
	AWGN
	11.1
	12.6
	11.2
	12.6

	
	CO
	12.9
	15
	12.7
	14.85

	
	ADJ
	2.1
	3.6
	0.92
	2.83

	DBS-12
	AWGN
	12.9
	14.5
	12.08
	13.62

	
	CO
	16
	18.25
	15.2
	17.4

	
	ADJ
	8.35
	10.5
	8.8
	10.75


Table 10 Data and Header performance improvement: DAS/DBS-12c Vs DAS/DBS-12b
	　
	　
	DAS/DBS-12b Vs DAS/DBS-12c

	MCS
	Intf. Scen.
	Data improvements
	Header improvements

	
	
	TU3iFH
	TU50nFH
	TU3iFH
	TU50nFH

	DAS-12
	AWGN
	1.5
	2.25
	-0.1
	0

	
	CO
	2.1
	2.55
	0.2
	0.15

	
	ADJ
	1.17
	1.5
	1.18
	0.77

	DBS-12
	AWGN
	2.08
	4.47
	0.82
	0.88

	
	CO
	2.5
	5.25
	0.8
	0.85

	
	ADJ
	1.75
	3.58
	-0.45
	-0.25


The evaluation results are tabulated from Table 8 to Table 10. It is noted that in all scenarios investigated the data performance of DAS-12c and DBS-12c outperforms DAS-12b and DBS-12b. The gain is as much as 1.17dB to 5.25dB. The header performance of DAS-12c and DBS-12c is also better than DAS-12b and DBS-12b in most scenarios except for several degradations less than 0.5dB.
7 Conclusions

In this contribution, the design criteria and performance evaluation of MCS re-design for DAS-12 and DBS-12 are presented. The performances of two kinds of MCS new design are also compared. Based on the observations in this study, the new channel coding designs DAS/DBS-12c with shorter TS length have much more performance gains compared to the proposed new coding DAS/DBS-12b.
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