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Channel Coding Chain and Symbol Mapping for RED HOT
1. Introduction

Introduction of turbo coding combined with higher-order modulation schemes is a key feature in RED HOT work item. As mentioned in [1], turbo encoder of UTRAN [2] shall be reused for RED HOT levels A and B. In this contribution, a structure of channel coding chain is introduced where some components borrowed from [2] are reused [3],[4]. Moreover, a bit-to-symbol mapping method of 16/32QAM is also introduced to achieve a performance gain of error rate
.  This contribution is an updated version of [5].
2. Channel Coding Chain Turbo Coding

In Figure 1, a structure of channel coding chain with turbo coding is depicted for RED HOT A and B, where 16QAM and 32QAM shall be used. Main components of channel coding chain constitute CRC attachment, turbo encoder, puncturing, and interlever blocks. 
2.1 CRC Attachment 

For new MCSs with higher bit rates, multiple RLC data blocks (up to 4) may be transmitted [6]. CRC bits of length 12 can be attached to each RLC block, by reuse of the conventional CRC bit pattern defined for legacy MCSs [7].
2.2 Turbo Encoder 

Single turbo encoder or multiple turbo encoders can be applied to multiple RLC data blocks. There is a trade-off between single and multiple turbo encoders. By using single turbo encoder for multiple RLC data blocks, link performance can be improved thanks to containing a longer data block. However, it seems to cause potential drawbacks to be resolved for link quality control, as detailed in [6]. Therefore, turbo encoding structure for multiple RLC data blocks is for further study.
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Figure 1.  A structure of transmit coding chain.
2.3  Puncturing Patterns

In the channel coding chain block, the rate matching algorithm in UTRAN [2] can be reused to generate puncturing patterns of new MCSs, required for link quality control.
2.4  Interleaving Structure
A parallel interleaving structure is constructed by reuse of the block interleaver specified in HS-DSCH interleaving in [2]. This block interleaving consists of bits inputs to a matrix with padding, the inter-column permutation for the matrix and bits output from the matrix with pruning. Inter-column permutation pattern for interleaving is shown in Table 1, where the number of column is kept as C2=30. However, the dimension of row in the matrix can be determined by the size of input data bits, i.e. systematic bits and parity bits.
Turbo encoded data bits after rate matching are serial-to-parallel (S/P) converted into systematic bits (denoted as S) and parity bits (denoted as P). S and P are independently interleaved by the 1st interleaver and the 2nd interleaver, respectively, where the two interleavers have the same dimension of matrix, and then interleaved bits, S* and P*, are collected to single data bit stream by parallel-to-serial (P/S) conversion. 
For new MCSs combined with turbo coding and 16/32QAM, the parallel interleaving structure can be used. Single parallel interleaver is needed for single turbo encoding of multiple RLC data blocks, while multiple parallel interleavers are needed for independent turbo encoding of each RLC data block.
When 8PSK modulation is applied in RED HOT level A, a single block interleaver (instead of the parallel interleaver) should be used for the turbo encoded data without separation of systematic bits and parity bits.
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Figure 2. A structure of parallel interleaving.
Table 1. Inter-column permutation pattern for 2nd interleaving [2].
	Number of columns C2
	Inter-column permutation pattern

< P2(0), P2(1), …, P2(C2-1) >

	30
	<0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21,

  6, 16, 26, 4, 14, 24, 19, 9, 29, 12, 2, 7, 22, 27, 17>


3. Symbol Mapping for 16/32-QAM in Burst Formats
Bit-to-symbol mapping of 16/32QAM-modulated symbols is performed in burst multiplexing block of Figure 1. Bit mapping patterns of signal constellations used as working assumptions in RED HOT and HUGE are {
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} for 32 QAM.  In Figure 3, a bit-to symbol mapping concept is sketched for 16QAM and 32QAM and can be applicable to both the normal burst format for the legacy symbol rate (271 ksymbols/s) and a new normal burst format defined for the higher symbol rate (325 ksymbols/s). Referring to Figure 4, bit positions of uncoded 16/32QAM symbols have unequal probabilities in bit error. Therefore, performance of bit error rate (BER) of each bit position shows the following properties: 
16QAM:
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32QAM:
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These properties can be interpreted as follows:
< 16QAM symbol >
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< 32QAM symbol >
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As described in Figure 3, it is possible to apply these properties to bit-to-symbol mapping of turbo coded 16/32QAM-modulated symbols in two normal burst formats. In principle, it is desirable that the systematic bits S should be mapped to higher-reliable bit position (H) (and medium-reliable bit position (M) for 32QAM), while the parity bits P should be mapped to lower-reliable bit position (L).  By doing this, a performance gain can be achieved by mapping higher priority bits (S) onto higher-reliable bit position since the systematic bits S have higher priority than the parity bits P in turbo decoding procedure. Therefore, typical bit-to-symbol mapping patterns based on priority of bits can be represented as:
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Figure 3.  Bit-to-symbol mapping of 16/32QAM in burst formats.

4. Conclusion

In this contribution a channel coding chain for turbo coding and a symbol mapping method for turbo encoded 16/32QAM has been introduced. The symbol mapping method combined with the suggested channel coding chain leads to an additional performance gain in error rate without increasing any computational complexity. It is recommended that the symbol mapping described in this contribution should be used in RED HOT A and B (and possibly in HUGE C) when turbo coding and 16/32-QAM are employed.
5. References

[1] 
GP-062488, “New WID on Reduced Symbol Duration, Higher Order Modulation and Turbo Coding (RED HOT) for Downlink,” Sophia Antipolis, France, November 2006.
[2] 3GPP TS 25.212, “ Multiplexing and channel coding (FDD).” 
[3] 3GPP TR 45.912, “Feasibility study for evolved GSM/EDGE Radio Access Network (GERAN).”
[4] GP-070180, “Consideration of 16/32-QAM and Turbo Codes,” Seoul, Korea, February 2007, Source: Samsung.
[5] GERAN Telco#4, “Symbol Mapping for Turbo Encoded 16/32QAM for RED HOT A/B and HUGE C,” 19 April 2007, Source: Samsung.

[6] GERAN Telco#5, “Proposed way forward for RED HOT and HUGE,” 3 May 2007, Source: Ericsson, Nokia Siemens Networks and Nokia.

[7] 3GPP TS 45.003, “Channel Coding.”
[image: image19.jpg]BER

BER of 16-0AM over AWGN and Rayleigh Channels

ERLELY
—w—iy
—o— Average

15 Eil %
E,/N, 48]




(a) 16QAM
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(b) 32QAM

Figure 4.  BER performance of uncoded 16/32QAM.











































�Symbol mapping for turbo coded-16QAM modulation and its benefit can be found in Section 8.5 of  3GPP TR 45.912 [2].
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