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1. Introduction

Higher order modulation schemes, like 8-PSK, 16-QAM and 64-QAM have bits with different reliability within each symbol. In [1] the idea is to benefit from the different reliabilities by proper mapping of systematic and parity bits. However, two separate interleavers and an additional demultiplexer, are required and must be con​trolled according to the MCS level used. In [2] it is proposed to mitigate this effect using so-called Signal Con​stellation Rearrangement, which basically leads to a similar averaged reliability for all bits in the case of multiple retransmissions. An explicit new mapping rule (i.e., an interleaving operation) is required for different retrans​mission numbers.

This proposal achieves similar gains by simply adapting the Rel.'99 rate matching algo​rithm for HSDPA. For each transmission varying initial values for the error variable (eini) are used. Therefore different bits are punc​tured/repeated and as a result the bit-to-symbol mapping is different for each retransmission. Block error rate simulation for 16-QAM, R=1/2 show 1.3 dB gain for the first retransmission and 2.1 dB gain for the second retransmission with respect to Chase combining.

2. Proposed Rate Matching Algorithm

The proposed scheme uses the same rate matching pattern generation algorithm as described in the Rel.' 99 specifications [3]. But, instead of taking a fixed initial value for the error variable (eini in subclause 4.2.7.5 of [3]) we vary eini for each transmission. To avoid signalling of the retransmission number the calculation of eini can be linked to the SFN or slot number. Due to the variation of eini different parity bits are punctured/repeated in each transmission. This results in a different bit-to-symbol mapping for the transmitted bits and leads to a similar effect as explicit Signal Constellation Rearrangement. As an example, Fig. 1 shows the effect of eini variation on bit-to-symbol mapping for 16-QAM, R=1/2. Bit positions with high reliability are depicted in white, whereas low reliability bits are grey-shaded. It can be seen that for most of the transmitted bits the bit reliability varies from transmission to transmission. 
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Figure 1: Variation of eini and resulting bit-to-symbol mapping

3. Simulation Results

Simulations have been performed for MCS level 5 (16-QAM, R=1/2). The eini variation leads to a puncturing pattern as depicted in Fig. 1, resulting in an effective code rate of 0.6 and to a maximum throughput of 2.4 infor​mation bits per symbol. Fig. 2 shows the resulting block error rate (BLER) curves for a block length of 1600 bits in AWGN. For a BLER=0.1 the new proposal provides a gain of 1.3 dB for the 2nd transmission and of 2.1 dB for the 3rd transmission of a block. This corresponds to an improvement of the Signal Constellation Rearrangement proposal in [2] of 0.3 dB and 0.7 dB for the second and third transmission, respectively. The additional gain of incremental redundancy more than compensates for the non-ideal rearrangement of bit-to-symbol mapping rearrangment. Fig. 3 shows the throughput improvement achieved by the new scheme with respect to Chase combining. Depending on the actual Ior/Ioc value, the throughput improvement can be up to 85%.
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Figure 2: Block error rate versus Ior/Ioc for MCS level 5
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Figure 3: Throughput comparison for MCS level 5

4. Complexity Evaluation

We propose to benefit from the achievable gain due to bit-to-symbol mapping rearrangement in retransmissions. As a consequence, bit level combining has to be used, although the memory requirements are increased with respect to symbol level combining for higher order modulation. For repetition the memory requirements remain constant regardless of the number of retransmissions. The increase of memory in case of puncturing can be limited by adapting the rate matching offset appropriately as will be detailed in the follow​ing.

For low data rates different parity bits are punctured in each transmis​sion (as in Fig. 1). High IR coding gain is achieved at the expense of an increase of memory according to the puncturing rate. But still, due to the low data rate, the overall memory requirement is bound to feasible limits.

For high data rates the initial error variable eini is chosen to limit the increase in required buffer size. Now, the punctured bits are always chosen form the same set of bits. For each transmission the initial offset is adjusted in a way, that the puncturing starts an integer number of puncturing cycles later (cf. Fig. 4). An inverse operation at the end of the block ensures that the total number of punctured bits remains constant for all transmissions. In this case the memory increase is kept very low. However, the decoding gain due to IR is also reduced. In this case our proposal behaves "almost" like Chase combining plus the additional gain of bit-to-sym​bol mapping rear​range​ment.

Fig. 4 shows how the rate matching pattern of Fig. 1 can be modified for high data rates. In this example, the memory increases only by four soft values per retransmission: two bits at the beginning of the block and two bits at the end of the block (the latter is not shown in Fig. 4).
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Figure 4: Modified rate matching for high data rates

In summary, different rate matching algorithms can be found which all ensure to achieve the gain due to bit-to-symbol mapping rearrangement, but allow to trade-off IR decoding gain and memory requirements. Should no rate matching be required in a particular case, the bit-to-symbol mapping rearrangement gain can still be achieved by a combination of repetition and puncturing within a block.

5. Conclusions

We propose a simple way to adapt the Rel.'99 rate matching algorithm for the use with HARQ type III. The rate matching and the bit-to-symbol mapping rearrangement operation are integrated in one functional block. Our proposal achieves notable performance improvement with respect to Chase combining. It also outperforms sim​ple Signal Constellation Rearrangement [2] and does not require any additional interleavers, multiplexers, etc. Since the Rel.' 99 rate matching algorithm is only slightly modified, a high back​ward compatibility is ensured. The modified rate matching algorithm allows to trade-off the IR decoding gain versus memory requirements and can therefore be adapted for all data rates. Additionally, to avoid the explicit signalling of the retransmission number, the calculation of the initial error variable eini could be done based on the system frame number or slot number.
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				-4.8		0.59		0		0		0		0		1.692				-4.8		0.59		0		0		0		1.692

				-5		0.76		0		0		0		0		1.488				-5		0.76		0		0		0		1.488

				-5.2		0.87		0		0		0		0		1.356				-5.2		0.87		0		0		0		1.356

				-5.4		0.97		0		0		0		0		1.236				-5.4		0.97		0		0		0		1.236

				-5.6		0.97		0		0		0		0		1.236				-5.6		0.97		0		0		0		1.236

				-5.8		0.99		0		0		0		0		1.212				-5.8		0.99		0		0		0		1.212

				-7		1		0.067		0		0		0		1.1598				-8.2		1		0.029		0		0		1.1826

				-7.2		1		0.15		0		0		0		1.11				-8.4		1		0.075		0		0		1.155

				-7.4		1		0.3		0		0		0		1.02				-8.6		1		0.15		0		0		1.11

				-7.6		1		0.4		0		0		0		0.96				-8.8		1		0.26		0		0		1.044

				-7.8		1		0.64		0		0		0		0.816				-9		1		0.45		0		0		0.93

				-8		1		0.84		0		0		0		0.696				-9.2		1		0.68		0		0		0.792

				-8.2		1		0.88		0		0		0		0.672				-9.4		1		0.83		0		0		0.702

				-8.4		1		0.97		0		0		0		0.618				-9.6		1		0.92		0		0		0.648

				-8.6		1		0.99		0		0		0		0.606				-9.8		1		0.97		0		0		0.618

				-8.8		1		1		0		0		0		0.6				-10.7		1		1		0.06		0		0.582

				-8.9		1		1		0.147		0		0		0.5559				-10.9		1		1		0.095		0		0.5715

				-9.1		1		1		0.307		0		0		0.5079				-11.1		1		1		0.16		0		0.552

				-9.3		1		1		0.478		0		0		0.4566				-11.3		1		1		0.29		0		0.513

				-9.5		1		1		0.678		0		0		0.3966				-11.5		1		1		0.45		0		0.465

				-9.7		1		1		0.858		0		0		0.3426				-11.7		1		1		0.65		0		0.405

				-9.9		1		1		0.952		0		0		0.3144				-11.9		1		1		0.78		0		0.366

				-10.1		1		1		0.985		0.18		0		0.277905				-12.1		1		1		0.93		0		0.321

				-10.3		1		1		0.995		0.33		0		0.2522475				-12.3		1		1		0.98		0		0.306

				-10.5		1		1		1		0.56		0		0.216

				-10.7		1		1		1		0.8		0		0.18

				-10.9		1		1		1		0.89		0		0.1665

				-11.1		1		1		1		0.97		0		0.1545

				-11.3		1		1		1		0.995		0		0.15075
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Chase Combining

New Scheme
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