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Application of Turbo Coded Symbol Mapping

to the 16-QAM Modulation Family
1. Introduction 
In [1] and [2] circular 16-QAM (also known as 16-APK (amplitude-phase keying)) modulation has been introduced to reduce peak-to-average power ratio (PAPR) and dynamic range. Symbol mapping approach has been shown to be an effective method to improve the performance of turbo code and 16-QAM modulation scheme in [3], [4]. In this contribution, symbol mapping is applied to turbo code and circular 16-QAM modulation. Performance of turbo coded symbol mapping method for MCS-7-T4 with burst mapping is evaluated through computer simulation. 

2. Downlink Transmit Architecture of MCS-7-T4-16QAM
A transmit architecture for MCS-7 with turbo coding and 16-QAM symbol mapping (MCS-7-T4-16QAM) in downlink is shown in Figure 1 [5]. As discussed in [5], in this contribution, separate channel coding for two RLC PDUs is considered. USF precoding and header coding are kept as the same as conventional MCS-7 with 8-PSK modulation. In data coding chain, data of 900 information bits are split into two bit streams, each of which contains 450 information bits as the input of one CRC encoder. For each CRC encoder, 12 parity bits are added. Each of CRC coded block is then encoded with the rate 1/3 turbo encoder. Through Rate Matching, each turbo coded block includes 462 systematic bits and 382 parity check and termination bits. Systematic bits from two turbo coded blocks are composed of a systematic bit stream (S) of length 924. Similarly, parity bits from two turbo coded blocks generate a parity bit stream (P) of length 746. Each bit stream is then fed into two identical interleavers as described in [6]. In the bit collection mechanism denoted by the P/S block, two data sequences (S* and P*) are parallel-to-serial (P/S) converted to a single bit stream, collected two by two from the sequences S* and P* where higher priority part and lower priority part are allocated in an alternating sequence. This results in a block of 1688 coded bits interleaved by the symbol mapping (SM) method. 

A block of 1856 channel bits, including 1688 data bits, precoded USF bits (36 bits), coded header bits (124 bits) and code identifier (8 bits), is mapped into 4 bursts, B0, B1, B2 and B3, where each burst comprises 464 bits prepared for 16-QAM modulation. In burst mapping, a rule of priority-based bit allocation is kept as possible in order to achieve a performance gain of the symbol mapping. Each burst is transmitted with 16-QAM modulation.
Square 16-QAM modulation has been shown to result in high PAPR and a large dynamic range in the RF front end and circular 16-QAM modulation methods have been considered to solve these problems [1], [2]. This contribution evaluates the performance turbo coded circular 16-QAM modulation with symbol mapping.
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Figure 1 [5] DL transmit architecture with MCS-7-T4-16QAM.
3. Circular 16-QAM Modulation
In this contribution, two types of circular 16-QAM modulation, circular 16-QAM (4, 12) and circular 16-QAM (8, 8) modulation, are considered. Four consecutive data bits are mapped to a 16-QAM symbol based on 
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 on the I axis and the Q axis. 
Symbol mapping algorithm for turbo coded 16-QAM modulation schemes is to find higher reliable bit (HRB) positions and lower reliable bit (LRB) positions in bit mapping of 16-QAM symbols and to map systematic bits of a turbo code to the HRB positions as possible.
3.1 Circular 16-QAM (4,12)
Figure 2 shows the constellation of circular 16-QAM (C16-QAM) (4, 12) modulation. The radius ratio r2/r1 equals 1.5. Figure 3 presents the simulated uncoded BER performance of C16-QAM (4, 12) modulation over Rayleigh fading channel. For comparison, the uncoded BER performance of square 16-QAM modulation is also included. This figure shows that for C16-QAM (4, 12), bits mapped to 
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 result in better BER performance than bits mapped to 
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. Therefore, in this case, 
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 are the HRB positions and 
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 are the LRB positions.
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Figure 2 Constellation of circular 16-QAM (4, 12) Modulation.
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Figure 3 Uncoded BER of circular 16-QAM (4, 12) modulation 

over Rayleigh fading channel.

3.2 Circular 16-QAM (8, 8)


The constellation of circular 16-QAM (C16-QAM) (8, 8) is shown in Figure 4. The radius ratio r2/r1 equals 1.5. Similar to circular 16-QAM (4, 12) modulation, Figure 5 shows the uncoded BER performance of C16-QAM (8, 8) modulation over Rayleigh fading channel. Based on these simulated results, HRB positions and LRB positions for this C16-QAM (8, 8) can be determined.
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Figure 4 Constellation of circular 16-QAM (8, 8) Modulation.
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Figure 5 Uncoded BER of circular 16-QAM (8, 8) modulation 

over Rayleigh fading channel.
4. Performance Evaluation
In this contribution, block error rate (BLER) performance of MCS-7-T4-16QAM is evaluated through computer simulations. Square 16-QAM, circular 16-QAM (4, 12) and circular 16-QAM (8, 8) modulation schemes are considered. Figures 6 and 7 compare the simulated BLER of MCS-7-T4-16QAM with symbol mapping and without symbol mapping over Rayleigh fading channel. For square 16-QAM modulation, the symbol mapping scheme can result in a performance gain of about 0.5 dB at BLER of 10-2. Similarly, the symbol mapping scheme can provide performance gains of about 0.2 dB and about 0.4 dB at BLER of 10-2 for the circular 16-QAM (4, 12) modulation and circular 16-QAM (8, 8) modulation, respectively.
5. Conclusion
Circular 16-QAM modulation shows good performance in terms of PAPR and dynamic range. However, it results in performance degradation in error rate. This contribution applies symbol mapping method to turbo code and circular 16-QAM modulation scheme proposed for GERAN evolution. Simulation results show that block error rate performance gain for circular 16-QAM modulation with symbol mapping can also be obtained over Rayleigh fading channel. However, the performance gains by using symbol mapping for circular 16-QAM modulation are less than the performance gain for square 16-QAM modulation.
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Figure 6 Block error rate of MCS-7-T4-16QAM (circular 16-QAM (4, 12)) 

over Rayleigh fading channel
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Figure 7 Block error rate of MCS-7-T4-16QAM (circular 16-QAM (8, 8)) 

over Rayleigh fading channel
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