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Parallel Interleaver analysis
1. Introduction

At GERAN#36, parallel interleaver proposal was left for further study. This is an evaluation of the performance of Parallel interleaver. For the time being only DAS-8 and DAS-9 are evaluated.
2. Parallel interleaver description

For Turbo codes, the performance of the decoding is sensitive to errors in systematic bits. For higher order modulation schemes including 8-PSK, 16- and 32-QAM, it is known that not all bits in a symbol have equal reliability. The proposal in [1] suggests to map the systematic bits onto the strong bits in a burst so as to improve the performance of the Turbo decoder. Contradicting simulation results have been demonstrated in [1] and [2] regarding the performance of parallel interleaver compared to the bit interleaver. In this contribution the performance of parallel interleaver is studied using a generic interleaver. To mask the effects of interleaver changes affecting the simulation results, the basic generic interleaver is kept the same however for the case of parallel interleaver, an additional bit-swapping step is used to map the systematic bits of the Turbo code onto the strong bit positions in a burst. DAS-5, DAS-8 and DAS-9 coding schemes are studied.
2.1 Parallel interleaver for DAS-8

DAS-8 is encoded as shown in Table 1. It can be seen that since systematic bits are prioritised in the puncturing step for the initial transmission, there are fewer parity bits mapped on the strong bit positions of a burst than the systematic bits mapped on the weak bit positions after interleaving. The bit swapping step after interleaving takes the systematic bits mapped on the weak bit positions in a burst and swaps them with the parity bits mapped on strong bits in the same burst. It should be noted that some of these strong data bit positions are already used for mapping the weak header and stealing bits (and also PAN bits if present). Since there are fewer strong parity bits left than weak systematic bits as shown in Table 1 in every burst, even after the bit swapping step there will still be some systematic bits that are mapped on the weak bit positions. This is however inevitable unless these bits are swapped with some of the header bits on strong bit positions of the burst, which is not preferable. Overall, for DAS-8, a total of 291 weak systematic bits out of 483 weak systematic bits are swapped to a strong data position. Hence, 20% of systematic bits are still mapped to the weak bit positions in the burst. Note that when PAN is included, some of these swaps will not be possible as PAN bits are also mapped on to the strong bit positions in the burst as a priority over the data bits. Hence the percentage of swapped bits goes further down and this gives even less gains from the parallel interleaver. 
Table 1: Coding details of first transmission for DAS-8

	Input to Encoder
	924 (462x2)

	# Systematic bits mapped on weak bit positions after interleaving
	B0
	B1
	B2
	B3

	
	121
	128
	114
	120

	# Header & USF bits mapped on weak bit positions after interleaving
	22
	22
	22
	24

	# Parity bits mapped on strong bit positions after interleaving
	91
	104
	90
	96

	# Weak data systematic bits that can be swapped with strong data parity bits
	69
	82
	68
	72


2.2 Parallel interleaver for DAS-9

Table 2: Coding details of first transmission for DAS-9
	Input to Encoder
	1116 (558x2) bits

	# Systematic bits mapped on weak bit positions after interleaving
	B0
	B1
	B2
	B3

	
	144
	141
	140
	144

	# Header & USF bits mapped on weak bit positions after interleaving
	22
	22
	22
	24

	# Parity bits mapped on strong bit positions after interleaving
	66
	69
	68
	72

	# Weak data systematic bits that can be swapped with strong data parity bits
	44
	47
	46
	48


Similar analysis as in Section 2.1 is done for DAS-9. As shown in Table 2, only a total of 185 bits out of 569 weak systematic bits are swapped onto strong positions in the burst. That means around 34% of systematic bits are still mapped on the weak bits even after parallel interleaving. 

2.3 Parallel interleaver for DAS-5

Simulation results in section 3 reveal a trend of possible gains for low code rates. Hence, DAS-5 which has the lowest code rate (0.39) for the downlink coding schemes using turbo coding is also simulated. As can be seen from Table 3, in case of DAS-5, there are enough strong parity bits available for all the weak systematic bits to be swapped with, the more so as 8-PSK offers two strong and only one weak bit per symbol. Hence, it can be ensured that in this case all the systematic bits are transmitted on the strong bits of the burst eventually. 
Table 3: Coding details of first transmission for DAS-5
	Input to Encoder
	462 bits

	# Systematic bits mapped on weak bit positions after interleaving
	B0
	B1
	B2
	B3

	
	39
	39
	40
	38

	# Header & USF bits mapped on weak bit positions after interleaving
	11
	11
	11
	11

	# Parity bits mapped on strong bit positions after interleaving
	128
	130
	131
	129

	# Weak data systematic bits that can be swapped with strong data parity bits
	39
	39
	40
	38


3. Simulation results

Simulations are conducted using TU3 idFH channel profile under sensitivity limited conditions, using single antenna and no RF impairments for DAS-5, DAS-8 and DAS-9. The results are shown in Figure 1. 
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Figure 1: Performance study of parallel interleaver
4. Conclusion

Although in theory parallel interleaver should give gains, for the studied coding schemes and for the simulated interleaver configurations the observed gains were limited, there was a very small gain (0.1 dB) at low (0.1%) BLER  regions for DAS-5 and DAS-8 however for DAS-9 a loss of around 0.1 dB is observed for all BLER ranges. It is believed that the achievable gains with parallel interleaver are sensitive to the code rate and hence the availability of strong data parity bits with which the weak systematic bits can be swapped. However, even at lowest possible code rate, the gains observed were limited. At high code rates, the systematic and the parity bits typically become equally important with the parity bits even becoming more important in certain scenarios as suggested in [3]. This might be the reason why DAS-9 shows some loss in performance. 
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