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1 Introduction

In [1] two new 64QAM modulated MCSs, named DAS-12b and DBS-12b, was introduced as a part of the Precoded EGPRS2-A (PCE2A) and Precoded EGPRS2-B (PCE2B) throughput envelopes. It was shown that these new MCSs significantly increase PCE2A and PCE2B performance at high levels of SINR. The DAS-12b and DBS-12b MCSs used when deriving these results were however based on a preliminary design.

The purpose of this contribution is to update the DAS-12b and DBS-12b MCS design. More specifically, this contribution addresses the design of the Turbo coder puncturing and the data interleaver pattern. To derive reliable results the design method was aligned with the methods used when deriving the puncturing and interleaving schemes specified for the EGPRS2 MCSs  [5],[6].
2 Interleaver and Rate Matching Design
2.1 Assumptions
The DAS-12b and DBS-12b MCSs shall be seen as replacements to the DAS-12 and DBS-12 MCSs. It is hence assumed that;

· DAS-12b and DBS-12b uses the same Header, USF and SF definitions as DAS-12 and DBS-12, respectively.

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

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

Given these assumptions the code rate of DAS-12b and DBS-12b equals 0.76 and 0.80, respectively. It should be noted that some modifications might be needed to the Header, USF and SF fields but this is, at this stage, left FFS.
2.2  Parameters
To align the design of the DAS-12b and DBS-12b with EGPRS2, it was determined that;

· The channel coding of DAS-12b and DBS-12b shall be based on the Turbo Coder presented in TS 45.003 chapter 5.1a.1.3 [4].
· The puncturing algorithms shall be based on the turbo code rate matching algorithms presented in TS 45.003 chapter 5.1a.1.3.5 [4]. This is discussed further in section 4.
· The interleaving schemes shall be based on the Interleaver type 1 presented in TS 45.003 chapter 5.1a.2.1 [4]. This is discussed further in section 3.
Given these assumptions the design of the puncturing and interleaving algorithms was limited to determining;

· The rate matching swap parameter.

· The interleaver a parameter.

2.3 Objective
The objective during the evaluations was to find a and swap parameters that;

· Optimize DAS-12b and DBS-12b incremental redundancy (IR) Data BLER performance, i.e. the performance of redundancy version 1 (RV1), RV1 combined with RV2 (RV1+RV2) and RV1 combined with RV2 and RV3 (RV1+RV2+RV3).

· Secure that the redundancy versions are self-decodable, i.e. that RV1 and RV2 combined with RV3 (RV2+RV3) are self-decodable.
To limit the scope of the evaluations only Data BLER was studied. The impact from Header BLER on IR was not in the scope of this study.

2.4 Method
It was shown in [5] that no strong correlation exist between BLER performance of EGPRS2 MCSs and the value of a, while in [6] it was shown that the BLER performance is clearly dependent on the value of the swap parameter. Based on these observations the following steps were executed to identify the best combination of interleaver a and rate matching swap parameters;
1. Simulate IR data BLER performance for a range of swap values, given an initial best guess on the a parameter value.

2. Select the best swap value and simulate RV1 Data BLER performance over the range of feasible a values. 
3. Redo step 1 with the best a value, to verify that the best swap found in step 2 value is still valid.
To capture the IR performance in both high and low diversity scenarios, these three steps were performed given both a TU3iFH channel and a TU3nFH channel. 
3 Interleaver Design
The low pass characteristics of the typical GSM radio channel combined with the properties of PCE2A and PCE2B suggests that the channel quality varies considerable over a single burst. From the perspective of interleaver design this implies that a certain spread of bits within a burst is necessary. Further, to obtain an efficient error protection against burst errors it is important to spread the data bits over the four bursts covering the entire radio block. 
Interleaver type 1 of TS45.003 meets these requirements as it spreads the bits over the entire radio block length Nc with the spread within a certain burst determined by the parameter a.

4 Rate Matching

Since the EGPRS2 mother code rate equals 1/3, the code rates of DAS-12b and DBS-12b implies that both MCSs requires three puncturing schemes P1, P2 and P3. It was shown in [6] that a density of systematic bits shall be located in RV1 to guarantee best performance. As all systematic bits theoretically fit in RV1, RV2 will mainly carry parity bits to secure that performance of RV1+RV2 is maximized. Puncturing loops 1 and 2, type 2, in [4] provides this functionality as it guarantees that bits transmitted in RV1 will be excluded from RV2, while letting the swap parameter determine the ratio of systematic bits between RV1 and RV2.
Puncturing loop 3 in [4] is identical to loop 1, with the swap parameter fixed at 30%, and independent of bits transmitted in RV1 and RV2. This implies that a favorable redundancy between RV1 and RV3 and RV2 and RV3 exits. This redundancy does however prevent a certain amount of parity bits from ever being transmitted in RV1, RV2 or RV3.
A code rate between 2/3 and 1 implies that there is space in the RV3 to both secure that all bits are transmitted at least once, and to transmit bits redundant to RV1 and RV2. The Puncturing loop 3 parameters can easily be modified for this purpose as shown in the appendix, section 8.1. This modified approach is used as a complement to the puncturing loop 3 of [4] to improve performance of RV1+RV2+RV3 and RV2+RV3.
5 Simulations

5.1 Assumptions

The simulation assumptions are presented in Table 1.

	Parameter
	Value

	Link direction
	Downlink

	Frequency band
	900MHz

	Channels
	TU3iFH, TU3nFH

	Scenario
	Sensitivity limited.

	MCSs
	DAS5-DAS12b, DBS5-DBS12b.

	Swap
	0, 0.05, 0.10, 0.15, 0.20, 0.30

	a
	1-641 for PCE2A and 1-758 for PCE2B.

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]


Table 1 Simulation assumptions.
5.2 Results

In step 1, the IR Residual Data BLER performance was evaluated for a set of different swap values. The results are depicted in the Figure 1 given a TU3iFH channel. RV1 performance given swap values between 0% and 20% are gathered within a range of 0.1dB, with swap 10% giving the best performance. When swap equals 30% not enough systematic bits are transmitted to secure performance of RV1. RV1+RV2 performance are within a range of 0.1dB for all studied swap values. RV1+RV2+RV3 performances are within a range of 0.1dB for swap values 0% to 20%. Since the RV3 according to [4] is using a fix swap of 30%, RV1 and RV3 will be identical when swap equals 30%. Then RV3 contains no redundant information from RV2, which has a negative impact on performance. Finally, if RV3 is modified as described in section 4, performance of RV1+RV2+RV3 is improved by approximately 0.5dB.
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Figure 1 IR Residual Data BLER performance for swap between 0% and 30% given a TU3iFH channel.
In the case that a header error occurs in RV1 it important that RV2+RV3 is decodable. Figure 2 shows residual Data BLER performance of this combination. A swap value of 30% gives best RV2+RV3 performance,. This setting is however not interesting since it degrades performance of RV1. Again the modified version of RV3 gives slightly improved performance.
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Figure 2 RV2+RV3 Data BLER performance for swap between 0% and 30% given a TU3iFH channel.
In step 2 Data BLER performance is simulated over the range of valid a values, which in the case of DAS-12b is between 1 and 641. Figure 3 shows the DAS-12b Data BLER performance at a fix Es/N0 for the each allowed a value, given a swap of 10%. The best performance is achieved when a equals 103.
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Figure 3 RV1 Data BLER performance for a between 1 and 641 given a TU3iFH channel.
Finally the simulation performed in step 1 was repeated with a set to103. This simulation verified that swap 10% combined with the modified P3 pattern gives best performance for DAS-12b simulated with a TU3iFH channel. The 3 steps was repeated for a TU3nFH channel to verify that the swap 10% and a 101 is the best combination for DAS-12b.
The entire procedure was also carried out to determine the best swap and a parameter combination for DBS-12b. A swap value of 10% and a equal to 691 gave the best performance for the TU3iFH and TU3nFH channels. Again it was beneficial to modify P3 in accordance with section 8.1. 

6 Conclusion
This contribution proposes to base the MCS design of DAS-12b and DBS-12b on Turbo Coder, Interleaving and Rate matching algorithms presented in [4]. Given this proposal interleaver a and puncturing swap design parameters has been derived to guarantee best possible IR performance given TU3iFH and TU3nFH channels. To enhance IR performance a modified puncturing loop has been proposed that secures that all bits are transmitted at least once in RV1, RV2 or RV3. It is proposed that this design shall be used as baseline in the coming evaluations of DAS-12b and DBS-12bB. Table 2 summarizes the findings presented in this contribution. 
	
	a
	swap
	P3

	DAS-12b
	103
	10%
	Modified according to section 8.1.

	DBS-12b
	691

	0%
	Modified according to section 8.1.


Table 2 Best set of puncturing swap and interleaver a parameters for DAS-12b and DBS-12b.
Finally it must be noted that not yet investigated items, such as mixed mode modulation or location of Header, USF and SF fields, might have an impact on the MSC design proposal presented in this contribution.
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8 Appendix
8.1 Modified Puncturing Loop 3
Let PX,Y denote the Xth puncturing pattern derived for the Yth stream out of the Turbo coder. Then set the third puncturing loop parameter  according to;
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Where N and Ndata is defined as in TS45.003, section 5.1a.1.3.5.1 [4].
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