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Consideration for 16-/32-QAM and Turbo Codes
1. Introduction 
During the feasibility study of GEAN Evolution, several dozens of documents have been contributed to evaluate higher order modulations and turbo codes [1]. Eventually, data transmission with 16-/32-QAM modulations and turbo codes in EGPRS will be specified by through HUGE and RED HOT work items [2, 3]. However, modulation and coding schemes newly employing two QAM modulations and turbo codes have not yet been determined clearly.
   In this contribution, we discusse some consideration and suggestion to be taken into account in introduction of 16-/32-QAM modulations and turbo codes for HUGE and RED HOT work items. 

2. 16-/32-QAM Modulations
2.1 16-QAM 
Two different levels of MS/NW support in HUGE and RED HOT shall be defined with 16-QAM modulation and symbol rates. During the feasibility study for GERAN evolution, a few types of constellations have been evaluated, which include square and circular type 16-QAM. To make further progress of HUGE and RED HOT, appropriate constellations and modulation mapping for 16-QAM have to be determined. 

   Use of 16-QAM modulation was standardized in 3GPP RAN specifications [4, 5]. The data modulation with Gray encoded 16-QAM was defined for HS-PDSCH in TDD [4] and HS-PDSCH and E-PUCH in FDD [5]. In case of square 16-QAM for HS-PDSCH in TDD, a set of 4 consecutive binary symbols is serial-to-parallel converted to 2 binary symbols (
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) on the I branch and 2 consecutive binary symbols (
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) on the Q branch and then mapped to square 16-QAM by the modulation mapper defined in Table 1 [4].
   On the other hand, the data modulation with square 16-QAM for HS-PDSCH and E-PUCH in FDD [5] generates the data symbols 
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 from 4 consecutive data bits from the output of the physical channel mapping procedure 
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 using the mapping to complex symbols as in Table 2. It is noted that the 16-QAM constellation in Table 2 is phased rotated by 
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 from the 16-QAM in Table. Therefore, the constellation mapping of 16-QAM used for 3GPP RAN specifications is well matched with 16-QAM modulation for HUGE and RED HOT, even in case of phase rotation for blind modulation detection at the receiver.
Table 1. Square 16-QAM modulation mapping [4]
	i1q1i2q2
	I branch
	Q branch

	0000
	0.4472
	0.4472

	0001
	0.4472
	1.3416

	0010
	1.3416
	0.4472

	0011
	1.3416
	1.3416

	0100
	0.4472
	-0.4472

	0101
	0.4472
	-1.3416

	0110
	1.3416
	-0.4472

	0111
	1.3416
	-1.3416

	1000
	-0.4472
	0.4472

	1001
	-0.4472
	1.3416

	1010
	-1.3416
	0.4472

	1011
	-1.3416
	1.3416

	1100
	-0.4472
	-0.4472

	1101
	-0.4472
	-1.3416

	1110
	-1.3416
	-0.4472

	1111
	-1.3416
	-1.3416


Table 2. Square16-QAM symbol mapping with 
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 rotation [5]

	Consecutive binary bit pattern
	complex symbol
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2.2 32-QAM

32-QAM constellation and mapping should be determined to support different levels of both HUGE and RED HOT. Cross 32-QAM has also been evaluated in the feasibility study. Although perfect Gray encoding is not possible for cross 32-QAM constellation, both peak and average power can be reduced by using cross 32-QAM constellation, compared to rectangular 32-QAM which is perfectly Gray-encoded [6]. 

   Even though the 5-bit Gray codes of cross 32-QAM is imperfect, there is a systematic labeling method of pseudo-Gray encoding to keep Gray penalty 
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 to 7/6 
. One example having a Gray penalty of 7/6 is shown in Figure 1, cross 32-QAM constellation is written in 
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 fashion. This constellation can be a perfect choice for cross 32-QAM constellation.
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Figure 1. Cross 32-QAM modulation [6]
3. Turbo Codes, Rate Mating and Interleaving
Much work has been done within the framework of 3GPP RAN standardization with turbo codes [7]. Based on work item description of both HUGE and RED HOT, turbo encoder shown in Figure 1 shall be reused in EGPRS including internal interleaver and subsequently rate matching algorithm as it is described in [7]. In particular, rate matching that bits are repeated or punctured can be reused to match code rates of turbo encoded data in EGPRS and be applicable to find puncturing patterns, which need to support incremental redundancy. 
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Figure 2. Structure of rate 1/3 Turbo encoder [7].

   Moreover, a block interleaver used in HS-DSCH interleaving in [7] can also be reused   right after rate matching in a turbo code chain which will be defined for EGPRS. 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 3. This may be well suited for MCSs to be determined with 16-/32-QAM modulation, with some modification if needed. 
Table 3. Inter-column permutation pattern for 2nd interleaving [7]
	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>


4.  Conclusion
In this contribution, we have discussed on some consideration and suggestion to be taken into account in the design of 16-/32-QAM modulations and turbo coding schemes for HUGE and RED HOT work items.

   For 16-QAM data modulation, constellation and mapping used in HS-PDSCH [4, 5] and E-PUCH [5] can be directly applicable to EGPRS. For a turbo coding chain, followed by rate matching and inter-column permutation, can also be reusable possibly with some modification.
5. References
[1]

3GPP TS 45.912, “Feasibility Study for Evolved GSM/EDGE Radio Access Network (GERAN) (Rel 7)”


[2]
GP-061901, “Updated New WID on Higher Uplink Performance for GERAN Evolution (HUGE),” Denver, USA, September 2006.
[3]
GP-062488, “New WID on Reduced Symbol Duration, Higher Order Modulation and Turbo Coding (RED HOT) for Downlink,” Sophia Antipolis, France, November 2006.

[4]
3GPP TS 25.213, “Spreading and Modulation (FDD) (Rel 7)”
[5]
3GPP TS 25.223, “Spreading and Modulation (TDD) (Rel 7)”
[6]
P. K. Vitthaladevuni, M.-S. Alouini, and J.C. Kieffer, “Exact BER Computation for Cross QAM Constellations,” IEEE Transactions on Wireless Communications, vol. 4, no. 6, pp. 3039-3050, November 2005.
[7]
3GPP TS 25.212, “Multiplexing and Channel Coding (FDD) (Rel 7)”
[image: image32.png]







































� Gray penalty � EMBED Equation.DSMT4  ���is defined as the average number of bits by which two adjacent symbols differ in the constellation. Constellations for which perfect Gray coding is possible have a Gray penalty of 1. 
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