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6.1.1.1.5 
Puncturing and Interleaver design for DAS-10b/11b/12b v2 and DBS-10b/11b/12b v2

6.1.1.1.5.1
Introduction
Sub-clause 6.1.1.1.4 presents a proposal to reduce the TSC length and decrease the code rate for DAS-10b/11b/12b v2 and DBS-10b/11b/12b v2 to achieve throughput gains at high SINR levels. During the evaluations performed [6.1-9] to derive the results presented in sub-clause 6.1.1.1.4 the optimization of puncturing patterns and interleaver schemes were left for further study. In this sub-clause the evaluation is made complete as a search for optimal puncturing patterns and interleaver schemes is performed. For detailed information see [6.1-10].

6.1.1.1.5.2
Evaluation Method

The EGPRS2 puncturing pattern and interleaver scheme design are based on the swap and a design parameters. To derive optimal swap and a parameters for each of DAS-10b/11b/12b v2 and DBS-10b/11b/12b v2 the method outlined in [6.1-7] was followed, i.e. to

· Simulate incremental redundancy Data BLER performance for a range of swap values, given an initial best guess of the a parameter value. 

· Select the best swap value and simulate first transmission Data BLER performance over a range of feasible a values for the chosen interleaver type. 

In the evaluation Interleaver type 1 was used since it is typically used for EGPRS2 MCS with low code rate and secures a good spread of bits over the entire radio block as well as within each burst. It restricts a to take on a value less than the number of data bits per burst, Nb, and prohibits a to have factors common to Nb. 

Table 6.1-4d lists the code rate for each of the targeted MCSs along with the applied interleaver type and the required number of puncturing patterns.

Table 6.1-4d. Code rate, interleaver type and number of puncturing patterns.

	
	DAS-10b
	DAS-11b
	DAS-12b
	DBS-10b
	DBS-11b
	DBS-12b

	Code rate
	0.47
	0.59
	0.70
	0.56
	0.70
	0.75

	Interleaver type
	1
	1
	1
	1
	1
	1

	Puncturing patterns
	2
	2
	3
	2
	3
	3


The simulations were performed for TU50nFH and TU3nFH channels which are believed to correspond to typical propagation conditions, while covering scenarios where high as well as low fading diversity can be expected. Table 6.1-4e presents a detailed summary of the simulation assumptions.
Table 6.1-4e. Simulation settings.
	Simulation parameters

	Channel
	TU50, TU3

	Frequency hopping
	No

	Frequency band
	900 

	Tx filter
	LinGMSK

	Rx filter BW
	SBPCE2-A: 280 kHz
SBPCE2-B: 340 kHz

	MMM
	No

	Blind Detection of modulation
	On

	MCSs
	SBPCE2-A DAS10b/11b/12b v2 

LC SBPCE2-B DBS10b/11b/12b v2

	Frames
	80000 

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [deegrees]

  - DC offset [dB]

  - PA model

  - Frequency error [Hz]
	Tx/Rx

0.8/1.2           

0.1/0.2           

0.2/2.0           

-45/-40

On [8-8]/ - 

   -/25           

 

	TSC placement and length
	TSC(16,4,7) 

	Swap
	0, 5, 10, 15, 20

	Interleaver
	Interleaver type 1

	a
	DAS-10b: 1-705, DAS-11/12b: 1-700

DBS-10b: 1-810, DAS-11/12b: 1-805

	PAR reduction method 
	On with hard clipping and soft clipping

	Achieved PAR
	6 dB 

	CP length
	SBPCE2-A: 6 NSR symbols

SBPCE2-B: 15 HSR symbols


6.1.1.1.5.3 
Puncturing design

Incremental redundancy performance was evaluated for DAS-10b/11b/12b v2 and DBS-10b/11b/12b v2. Figure 6.1 shows the performance for DAS-12b and DBS-12b RV 1, 2 and 3 over the range of selected swap values, simulated for TU50nFH and TU3nFH, relative the performance achieved for the best choice of swap. Reference [6.1-10] presents similar results for DAS-11b/10b and DBS-11b/10b.
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Figure 6.1 DAS-12b v2 (upper) and DBS-12b v2 (lower) evaluation of puncturing swap parameter for Tu50nFH (left) and TU3nFH (right) propagation conditions.
To optimize incremental redundancy performance, and minimize the total degradation computed over the simulated scenarios, it was concluded that swap equal to 0% shall be used for DAS-11b/12b v2 and DBS-10b/11b while swap equal 5% is the best choice for DAS-10b and DBS-12b v2. Table 6.1-4f summarizes the results.

Table 6.1-4f. Derived swap values for each studied MCS.
	MCS
	DAS-10b 
	DAS-11b
	DAS-12b v2
	DBS-10b
	DBS-11b
	DBS-12b v2

	Swap
	5
	0
	0
	0
	0
	5


6.1.1.1.5.4 
Interleaver design

The first transmission Data BLER performance was, for each studied MCS, evaluated over a range of a values as defined in Table 6.1-4e, at a fixed Es/N0 corresponding to approximately 10% Data BLER. The puncturing swap parameter was set in accordance to the findings in sub-clause 6.1.1.1.5.3.

Figure 6.2 below shows the performance for DAS-12b v2 and DBS-12b v2 over the entire range of a values, simulated for TU50nFH and TU3nFH, relative the performance achieved for the best choice of a. As the resulting performance from the TU50nFH and TU3nFH simulations were strongly correlated an average value of the relative performance was selected as metric in the search for the optimal choice of a. Reference [6.1-10] presents similar results for DAS-11b/10b and DBS-11b/10b.
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Figure 6.2 DAS-12b v2 (left) and DBS-12b v2 (right) evaluation of Interleaver type 1 a parameter for TU50nFH and TU3nFH propagation conditions.
The optimal a value for each MCS was identified as the value offering the lowest metric, i.e. the best average performance over the simulated scenarios. As DAS-11b and DAS-12b v2 have same data block size they can for simplicity be equipped with identical interleaver schemes. The same principle applies to DBS-11b and DBS-12b v2. A summary of the best a value, given the condition that DAS-11b and DAS-12b v2 as well as DBS-11b and DBS-12b v2 shall have identical interleavers, is presented in Table 6.1-4g.

Table 6.1-4g. Summary of derived Interleaver type 1 a values.

	MCS
	DAS-10b 
	DAS-11b
	DAS-12b v2
	DBS-10b
	DBS-11b
	DBS-12b v2

	a
	641
	117
	117
	318
	595
	595


6.1.1.1.5.5 
Conclusion

This section presents an investigation of interleaver and puncturing design for DAS-10b/11b/12b v2 and DBS-10b/11b/12b v2 based on EGPRS2 Interleaver type 1 a and puncturing swap parameters. Optimal values for the studied parameters have been found through a search over a range of feasible a and selected swap values given TU50nFH and TU3nFH propagation conditions in a sensitivity limited scenario. Table 6.1-4f and 6.1-4g summarizes the findings.
The results from these investigations show that the SBPCE2 performance is robust over a range of puncturing swap and interleaver a parameter values. It is thus concluded that the results from earlier investigations, performed for SBPCE2, where swap has been set to 0% and arbitrary a values have been used, can be considered as robust.
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