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Symbol Mapping of Turbo Coded Bits for 16-QAM Modulation

1. Introduction 
A combination of turbo code and 16-QAM modulation is considered as a promising candidate of modulation and coding schemes (MCSs) for the feasibility study of GERAN evolution [1]. With 16-QAM modulation, turbo coding schemes, taken from 3GPP RAN standards (TS 25.212 and TS 25.213) [2,3], have achieved significant performance gains on both link level and system level, in particular for MCS-7, MCS-8 and MCS-9 [4,5,6].
   In this document, we introduce a symbol mapping method of turbo coded bits for 16-QAM modulation in order to improve the performance of such turbo coded systems. It is noted that this symbol mapping method has already been included as part of the coding chain for HS-DSCH [2]. 
2. Symbol mapping for 16-QAM modulation
2.1 Concept description 
In high order modulation schemes, such as 16-QAM, 32-QAM and 64-QAM, each symbol consists of bits with different reliabilities. Figure 1 shows the signal constellation diagram of 16-QAM used in 3GPP TS 25.213 [3]. A 16-QAM symbol has a set of four consecutive data bits 
[image: image1.wmf]3

2

1

,

,

,

+

+

+

n

n

n

n

b

b

b

b

 with (n mod 4)=0 and this set is separated into two consecutive data bits
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 on the Q-axis. This four consecutive bits (
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) are mapped to a 16-QAM symbol by the modulation mapper. It is noted that in the 16-QAM constellation shown in figure 1, the first two bits (
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)  which are in higher reliable positions result in bit error rate (BER) than the last two bits (
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) which are in lower reliable positions. To justify the performance difference between the higher reliable positions and the lower reliable positions, we show simulation results for uncoded 16-QAM symbol transmission over both AWGN and Rayleigh fading channel. Figure 2(a) demonstrates that the higher reliable positions achieve a performance gain of 0.7 dB at BER of 
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 over AWGN channel compared to the lower reliable positions. As shown in figure 2(b), further performance gap of about 3 dB at BER of  
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 exists between the higher reliable positions and the lower reliable positions over Rayleigh fading channel. 
As shown in figure 3, higher priority bits can be assigned on higher reliable positions (H part) while lower priority bits can be assigned on lower reliable positions (L part). This symbol mapping concept can be applied to turbo coded bits for 16-QAM modulation in order to attain performance gain without additional complexity. 
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Figure 1. Signal constellation of 16-QAM modulation
2.2 16-QAM symbol mapping of turbo coded bits

An example of transmit architecture for MCS-7, MCS-8 and MCS-9 in downlink is shown in figure 4. Differences from the architecture considered in the feasibility study of GERAN evolution [4,5,6] are in fact that a conventional convolutional encoder is replaced by a turbo encoder and an interleaver is replaced by a symbol mapping block. The output sequence of turbo encoder can be separated into two groups: a systematic bit stream (S) and a parity bit stream (P). Since the systematic bits have higher priority than the parity bits in turbo decoding procedure, a performance gain can be achieved by mapping higher priority bits into higher reliable positions in 16-QAM modulation. 
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(a) AWGN Channel
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(b) Rayleigh Channel

Figure 2. BER of uncoded 16-QAM systems
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Figure 3. Reliability of bit positions in 16-QAM symbols

Figure 5 shows a structure of symbol mapping. After passing through a rate matching algorithm, turbo coded bits are separated into systematic bits and parity bits. As shown in figure 5(a), the turbo coded bits are separated into two data streams by a bit separation block: systematic bits 
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. These two data streams can be the inputs to two independent block interleavers (1st and 2nd interleavers), which perform inter-column block interleaving and are identical as described in [2]. The two logically-divided interleavers make 16-QAM symbol mapping feasible, i.e., bits in the higher priority sequence (S*) can be assigned into higher reliable positions and bits in lower priority sequence (P*) can be mapped into lower reliable positions on 16-QAM symbols. 
In the bit collection mechanism, two data sequences (S* and P*) are parallel-to-serial converted to a single bit stream (V), where higher priority (H) part and lower priority (L) part are allocated in an alternating sequence. Therefore, the output 
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 of the bit collection block is collected two by two from the sequences S* and P*, if 
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. The output of the symbol mapping block is mapped into 16-QAM symbol, as shown in figure 5(b). It is noted that 
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 may not be held because of different data rates of MCSs. Therefore appropriate techniques will be required in implementation of the symbol mapping. 
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Figure 4. A transmit architecture including symbol mapping
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(a) Interleaving structure
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(b) 16-QAM symbol mapping 
Figure 5. Structure of symbol mapping

3. Performance evaluation
Performance of turbo coding with 16-QAM with a symbol mapping is evaluated on link level. Monte Carlo simulations for MCS-7-T4-16QAM, MCS-8-T4-16QAM and MCS-9-T4-16QAM are performed over AWGN and Rayleigh fading channels, respectively. 
Table 1 depicts modulation and coding configuration used in simulations. Simulation results of each MCS are depicted in figure 6, figure 7 and figure 8, respectively, where burst mapping was not considered.  

Figure 6 shows performance gains of MCS-7-T4-16QAM in terms of BER and block error rate (BLER) over AWGN and Rayleigh channel. Referring to figure 6, by using the symbol mapping performance gains of 0.4 dB have been achieved at BER of 
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and BLER of 
[image: image24.wmf]2

10

-

, respectively. For Rayleigh fading channel, performance gains of 0.4 dB and 0.2 dB have been attained for BER and BLER, respectively. Similarly, performance gains have been attained for MCS-8-T4-16QAM and MCS-9-T4-16QAM. The results are summarized in table 2.     
Table 1. Modulation and coding configuration with turbo coding and 16-QAM
	Modulation and Coding Scheme
	Data  Block Length (bits)
	Turbo Code Rate*
	Interleaving Depth (bursts)

	MCS-7-T4-16QAM
	900
	1/2
	4

	MCS-8-T4-16QAM
	1088
	2/3
	4

	MCS-9-T4-16QAM
	1188
	3/4
	4

	* Code rates after rate matching and without consideration of cyclic coded header (Mother code rate of turbo code is 1/3)


Table 2. Performance gain [dB] employing the symbol mapping
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	AWGN
	Rayleigh
	AWGN
	Rayleigh

	MCS-7-T4-16QAM
	0.4
	0.4
	0.4
	0.2

	MCS-8-T4-16QAM
	0.2
	0.18
	0.2
	0.12

	MCS-9-T4-16QAM
	0.15
	0.12
	0.14
	0.12


4. Conclusion
In the feasibility study of GERAN evolution, turbo code with higher order modulation schemes is on demand to improve the service performance. We have evaluated a symbol mapping method to attain decoding performance gain. The symbol mapping follows the rule that systematic bits are assigned into higher reliable positions while parity bits into lower reliable positions on 16-QAM symbols. Performance gains of both BER and BLER have demonstrated a feasibility of the symbol mapping method for turbo code with 16-QAM modulation. It is suggested that this symbol mapping approach be included in the technical report of the feasibility study of evolved GERAN. 
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(a) AWGN channel
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(b) Rayleigh channel
Figure 6. BER and BLER of MCS-7-T4-16QAM

[image: image29.emf]3 3.5 4 4.5 5 5.5 6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

E

b

/N

0

 [dB]

Error Rate

MCS-8-T4-16QAM over AWGN

BER

BER: Symbol Mapping

BLER

BLER: Symbol Mapping


(a) AWGN channel
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(b) Rayleigh channel

Figure 7. BER and BLER of MCS-8-T4-16QAM

[image: image31.emf]4 4.5 5 5.5 6 6.5

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

E

b

/N

0

 [dB]

Error Rate

MCS-9-T4-16QAM over AWGN

BER

BER: Symbol Mapping

BLER

BLER: Symbol Mapping


(a) AWGN channel
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(b) Rayleigh channel

Figure 8. BER and BLER of MCS-9-T4-16QAM
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